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PREFACE 

Most of the future increase in livestock production is expected to occur in the 
tropical and subtropical regions of the world. Cattle are the most numerous of 
the ruminant species in the tropics and provide the largest quantity of animal 
food products. More than one-third of the world's cattle are found in the 
tropics. Disease is the major factor which prohibits full utilization of these 
regions for cattle production. Various infectious and transmissible viral, rick
ettsial, bacterial, and particularly protozoan and helminthic diseases, are 
widespread in the tropics and exert a heavy toll on the existing cattle industry 
there. This uncontrolled disease situation also discourages investment in 
cattle industries by private and government sectors. In Africa alone, it is 
estimated that 125 million head of cattle could be accommodated in the 
tropical rainbelt if the disease and other animal husbandry factors could be 
resolved. The potential of efficient cattle production under more favorable 
conditions prompted various international agencies to establish a multi
million dollar International Laboratory for Research in Animal Diseases (lLRAD) 
in Nairobi, Kenya, Africa. 

In South America, principal sites for raising cattle are shifting to the 
savannah lands because the more fertile soils are being used for crop produc
tion, however, in the savannahs also, disease remains the most powerful 
deterrent in implementing the cattle industry. A small but well-organized 
research team in the Americas sponsored by The Rockefelier Foundation 
recently achieved an eminent breakthrough in a century-long struggle against 
bovine babesiosis. This team developed a method for a continuous in vitro 
propagation of B. bovis and used this cell culture-derived antigen to produce 
an effective vaccine against bovine babesiosis. Based upon past experience of 
the successful development of immunoprophylactic procedures for viral dis
eases, i.e., rinderpest and foot and mouth disease, this recent advancement 
with a protozoan disease fully attests that investment in research is the prime 
guarantee of a successful future for the cattle industry in the tropics. 

In 1956 Henning published an excellent book, Diseases qf Animals in A/dca, 
which served as a source of reference for many years until it went out of 
print. Although several authors have made reference to Payne's books on 
Animal Husbandry in the Tropics and Cattle Production in the Tropics, the 



editors have liot included many of the topics so excellently covered by Payne. 
This book with its detailed treatment of disease in cattle should therefore be 
looked on as complementary to those by Payne. 

This book is designed as an assemblage of modern basic and practical 
information on diseases of cattle in the tropics. It is not limited to diseases 
caused by infectious agents but also covers special topics associated with the 
epidemiologic, ecologic, and certain animal husbandry aspects of these dis
eases. Environmental effects such as those caused by tick bites and adverse 
climate are considered. Also included are some economic aspects of animal 
losses due to disease and how it relates to the world demand for animal 
protein. As a matter of reference, an appendix has been included which 
provides a full set of information on disease syndromes caused by toxic plants 
instigenous to the tropics as well as other geographical regions. 

The book does not include every condition or disease of cattle known to 
occur in the tropics although the editors would claim that all of the conditions 
of economic importance have been included. 

The book is not meant to serve as a massive source of information for 
research workers; rather it is a guide for graduate and undergraduate students 
of veterinary and agricultural sciences, field veterinarians and allied profes
sions interacting with animal production and disease control. Consequently, 
the authors have made every effort to select key references which will lead 
the reader into the literature, sometimes vast in its entirety. 

In each chapter, emphasis has been given to epidemiology, clinical signs, 
pathogenesis and control. Much of the laboratory details and scientific deli
beration of certain specific aspects have been left for more appropriate 
texts. 

Many diseases covered in this book are zoonotic. Some of these are old 
well-established zoonoses for which public health regulations are in existence. 
There are also new, more recently recognized zoonotic diseases, i.e., babesio
sis, which need further studies before similar regulations can be recom
mended. Thus the book also serves as a source of information for medical 
and public health workers. 

The authorship of the book is truly international and is represented by 
scientific eminence, intense practical experience, and comprehensive know
ledge of the respective subject matter. To these authors, the editors express 
their esteem, thanks and appreciation. An acknowledgement of thanks is also 
extended to the publisher and staff of Martinus Nijhoff Publishers for their 
continued support. 

Finally, the editors wish to acknowledge their appreciation to their able and 
patient secretarial staffs led by Ms. Lois Stauter which greatly contributed to 
the production of this book. 

x 
MrODRAG RISTIC 
IAN McINTYRE 
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PART I 

SPECIAL TOPICS 



1. CHARACTERISTICS OF TYPES AND 
BREEDS OF CATTLE IN THE 
TROPICS 

Marvin Koger 

Abstract. The origin and general characteristics of the principal types of cattle current
ly inhabiting the various tropical areas of the world are considered. The major groups 
included were the humped Zebu (Bos indicus), non-humped European (Bos taurus), 
intermediate crosses of these two types, and the close relatives of cattle, the Banteng 
and Water Buffalo. 

The Zebu and European types of cattle both are thought to have been domesticated 
in western Asia. The Zebu spread across southern Asia, immigrating later to the 
African continent where they migrated slowly southward. Beginning about the middle 
of the 19th century, Zebu cattle principally from India were transported to the 
Americas, Australia and various tropical islands. 

The European types spread over central Asia and Europe and also migrated to 
Africa where they mixed with the Zebu types. European cattle from the Iberian 
peninsula were introduced by the Spaniards into the Caribbean Islands, and onto the 
American continents in the early 1500s. They spread over all of South America, 
Central America and the western part of the United States. These cattle later became 
known as the Criollo cattle of South and Central America. They merged with Euro
pean cattle introduced onto the North American Continent by the English colonists to 
give rise to the Texas Longhorn. 

In the latter half of the 19th century, Criollo cattle were topcrossed with Zebu bulls. 
At present, the majority of the cattle of the tropics are of Zebu or Zebu-European 
breeding. For the most part, they are of poor to fair productivity for either milk or 
meat. These cattle are used widely also for work and as prestige or ceremonial 
animals. Water Buffalo are used for work, meat and milk in many areas. Banteng 
cattle are utilized for meat in southeastern Asia and Indonesia. 

The art and science of animal husbandry is that of man striving to optimize 
to his advantage the interaction between his animals and the environment in 
which they are maintained. This relationship is governed by the genetic 
attributes of the animals involved and the quality of the environment includ
ing nutrition, disease, climatic influences and management. Since cattle were 
first domesticated 5000 to possibly lO 000 years ago, man has influenced both 
the genotypes of his cattle and the environments under which they have 
existed. These influences have been exerted both intentionally through 
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selection of breeding stock and management, and incidentally through usage 
of animals and the impact of man on the environment. 

The importance of genetic adaptation of organisms to their environment 
was a basic concept embodied in the tenets of Charles Darwin relative to 
evolving populations. Survival of the fittest leads to genotypes that differ in 
their adaptation to varying ecological and climatic environments. Environ
mental differences with respect to diseases, parasites and insects are no 
exception. This should not be interpreted to imply that genetic resistance .to 
disease is absolute and should be pursued as the principal means of disease 
control. The point is that different genetic stocks vary in their response to 
various diseases, pests and other components of the environment. These 
differences should be recognized and utilized to the extent that it is practi
cal. 

Information on the characteristics of animals is of importance in designing 
effective health and production programs for cattle in the tropical and subtro
pical areas of the world. The objective of this presentation is to give a brief 
overview of the distinctive features of some of the more important groups of 
cattle presently found in these areas. For additional information on specific 
breeds the reader is referred to more extensive works included among the 
references cited. 

Origin of modern types and breeds 

The origin, present distribution and examples of domesticated groups of 
cattle, including water buffalo, are shown in Table I. Included are six groups 
representing four genera of the Bovidae family. Except for the Yak (Poepha
gus), all of these groups are presently found in the tropics and sub-tropics. 
The most important groups in terms of numbers, utility and economic signif
icance are included in the Bas indicus (humped cattle) and Bas taurus (hump
less) groups. The former are frequently referred to as Zebu and the latter as 
European cattle. 

The progenitors of modern-day Bas indicus and Bas taurus groups were 
domesticated principally in western Asia over a period of time extending 
possibly from 8000 to 3000 Be. The Bas indicus types spread eastward and 
southward into Asia and southwest into Africa. The Bas taurus types migrated 
south and west into Africa and spread over Europe and into the temperate 
regions of Asia. Later both types were transported to other parts of the 
world. 

4 



Table 1. Origin of modern domesticated cattle. 

Group and 
area olorigin 

Bos taums - Western 
Asia. Central Europa 

Bos indicus - Southern 
Asia 

B. taul'l/s X B. 
indieus - Asia. Africa. 
The Americas. 
Australia 

B. sondaicus - Indonesia 

Pofiphogus - Central 
Asia 

Bubalus bubalus - Asia 

Current Zebu types 

Modern 
descendants 

European types and 
breeds 

Zebu types and 
breeds 

Sanga types 
Yallow Chinese. 
Brahman X British 
derivatives 

Banteng 
Gaur 

Yak 

River Buffalo 
(milk type) 
Swamp Buffalo 
(work type) 

The Zebu Breeds oj' Asia 

Present 
distribution 

Temperate, 
tropical and 
semitropical areas 

Tropics and 
sem itropics 

Africa, 
Sou th Chi na, 
The Americas. 
Australia 

Indonesia 
Malaysia 

Central Asia 

Mostly in 
southern Asia 
and northeast 
Africa 

Examples of 
modern breeds 
or types 

Brown Swiss, 
Holstein, Angus. 
Hereford 

Guzerat, Sahiwal. 
Gil', American 
Brahman 

Africander 
Bonsmara 
Beefmaster 
Santa Gertrudis 

Bali 
Gayal 

Yak 

Murrah, Nili 

The humped cattle of southern Asia gradually became separated into more or 
less distinct types, generally acquiring names associated with the regions 
where the types predominated. Many of these types have come to be regarded 
as breeds. Phillips (1963), for example, listed 27 such breeds in India and 
Pakistan. These were classified into six groups based on phenotypic similari
ties. Payne (1970) included 32 breeds in the Indian subcontinent and two 
from south China and Taiwan. A list of the Asian Zebu breeds described by 
the above authors is shown in Table 2. 

The Zebu Breeds oj' the Americas 

The Brazilian Breeds. Cattle of three of the more distinct breeds of Indian 
origin were imported into Brazil and continued as closed breeds in that 
country. These included the Gir, Kankrej and Ongole. Their respective Bra-

5 



Table 2. The Zebu groups of Asia. 

Group 

Alambadi 

Amrit Mahal 

Bachaur 

Bagur 

Bhagnari 

Dangi 

Deoni 

Dhanni 

Gir 

Gaolao 

Hallikar 

6 

Location 

North Salem and 
Northern Coimbatore 
and Bangalore districts 
of Madras 

Vicinity of Mysore, India, 
latitude 11° to 15° N 

Bihar State, India 

Madras area of southeast 
India 

Northeastern India, 
semiarid, subtropical 

Western coast of India, 
north of Bombay, latitude 
±21° N 

Northwestern Hyderabad 
of Gir and Dangi 
background 

Punjab region of Pakistan 
at latitude 33° to 34° N 

Df'scription 

Long backswept horns. Medium-sized and 
generally rangy in build. Coat color is gray 
or black in males, broken colol's in females. 
A hardy draft animal. 

Horns grow upward and back. Compact 
to medium type. Color varies from gray 
to almost black. Dewlap. navel flap and 
sheath tight. Used for work. 

Shorthorned, compact, commonly gray, 
medium dewlap, tight sheath. Used for 
draft. 

Horns grow back and up. Medium size, 
color usually red and white but may be 
gray. Dewlap moderate, sheath is not 
excessive. Valued for their endurance and 
speed. 

Shorthorned, deep-bodied; color white or 
gray to black in males. Used primarily for 
draft. 

Horns usually short and lateral. Medium 
in size, compact in shape. Coat color 
broken red or white. Hardy, slow draft 
animal. 

Curled horns, medium size, compact. Black 
and white spotted. Long ears, loose skin 
or underline. Used primarily for work. 

Horns are small, lateral and turn upward. 
Of medium size and compact buIld. Coat 
color is black and white with occasional 
red spots. Tight skinned, durable draft 
animal. 

Kathiwar peninsula of Moderate-sized curled horns. Moderately 
western India and adjacent large in size. Variable in color with brown 
areas spots. Pendulous sheath. Used for milk 

and work. 

Central Provinces of India Shorthorned, light-framed, long-bodied, 
loose-skinned, large dewlap, medium 
sheath. White to gray in color. Fast moving 
work animal. 

Southern India Horns sweep back then upward. Compact 
in build and of medium size. Color is gray 
to dark gray, frequently with white 
markings on underline. Ears are short, 
sheath is tight but dewlap is moderate. 
Valued as work animal. 



Table 2. (continued) 

Group 

l-lariana 

Hissar 

Kangayarm 

Kankrej. The 
Guzerat of Brazil 
is a derivative of 
this breed 

Khillari 

Krishna Valley 

Kumauni 

Lohani 

MALVI Group 

Mewati 

Nagori 

Nimari 

Location 

Semi-arid, subtropical 
area of eastern Punjab 
and environs 

Eastern Punjab 

Southern India, Latitude 
10° to II ° N 

Northeastern section of 
Gujerat State, India 

Western India, latitude 
16° to 22° N 

Krishna Valley of south 
central India, latitude 
± 16°8' N 

Kumaun hill region of 
the United Provinces 

Description 

Short horned , white to gray in color. Fine 
textured, relatively tight skin, medium to 
large hump. Used for work and milk. 

Upcurved medium horns. Medium size. 
Color white to dark in bulls. Small dewlap, 
tight sheath. Used mostly for draft. 

Type not well fixed, influenced by Ongale 
and Mysore breeding. Of moderate size. 
Color varies from almost white to almost 
black. Valued draft animals. 

Lyre shaped horns. Large in size. Skin on 
underline is thin with pendulous dewlap 
navel and sheath. Variable shades of gray 
in color. Work breed. 

Unique shaped horns grow back then turn 
upward. Color varies with segment of 
breed, varying from white to gray, some 
with a red tint. The ears are small, skin 
on underline is tight. Valued for work. 

Shorthorned, variable in type. Generally 
large framed, deep bodied and loose
skinned. Color usually gray to white. Used 
mostly as a heavy draft animal. 

Short-lateral horns, small compact cattle. 
Color may be black or red with white 
spots. Used for work and manure. 

Baluchistan and Northwest Short lateral horns, small type, tight dewlap 
Frontier Province Pakistan and sheath. Color red or red and white. 

North Central India, 
vicinity of latitude 24° N, 
longitude 76° E 

Mewat region of the 
Punjab - Uttar Pradesh 
border 

Northeast of Jodhpur in 
midwestern Rajasthan 
State, India 

Eastern Madhya Pradesh, 
India of Gir and Khillari 
influence 

Used mainly for draft. 

Includes three groups varying in size, 
similar to Kankrej except for being shorter 
of leg and more compact in type. 

Short horns, turning back at the tips. Color 
white to gray upstanding in stature. Skin 
folds on neck and underline loose but not 
pendulous. Used for work or milk. 

Moderate horns. Upstanding and sturdy 
of frame. White to gray in color. Ears are 
pendulous. Dewlap and sheath. are fine 
textured and not pendulous. Used for rapid 
work. 

Curled horns. Moderately long and compact 
in build. Color usually red with white 
splotches. Skin is loose, pendulous sheath 
is common. 
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Table 2. (continued) 

Group 

Ongole 

Ponwar 

Punganoor 

Rath 

Red Sandhi 

Sahiwal 

Shahabadi 

Sinhala 

South Chinese 
Zebu 

8 

Location 

Southeastern coastal area 
of India at latitude of 
± 15° 30' N 

Uttar Pradesh and 
northern Bihar 

Chitaor district of Audhra 
Pradesh, S.E. India 

Alwar region of Rajasthan 
State, India 

Region extending north 
from Karachi, Pakistan 

West Punjab, India 

Shahabad and Saran 
districts of Bihar; Ballia 
and Ghozipar districts of 
Uttar Pradesh (N.E. India) 

Ceylon 

Probably derived from 
cattle of southeastern Asia 

Description 

Shorthorned, large, long body and legs; 
short neck. Color normally is white with 
gray on neck, hump and points of males. 
Red color and splotching of skin may 
occur. Used for work and mille 

Lyre shaped horns, medium in size. Color 
usually black and white or black and red 
with white markings. Dewlap and sheath 
are tight. Used for draft animals. 

Horns are small and often loose. Very 
small in size. Coat color varies. Most 
animals are white with brown spots. Almost 
extinct. Some say prospects for" small 
farmer ". 

Shorthorned, medium sized, short 
pendulous ears, white to gray color, small 
dewlap with tight sheath. Used for work 
and milk. 

Horns are lateral and upturned. Small in 
size and compact of build with pendulous 
dewlap, udder and sheath. Color varies 
from dark red to yellow. Used primarily 
for milk, secondarily for work. 

Horns are short, sometimes loose in 
females. Variable in size, compact in form. 
Pendulous dewlap. sheath and udder. Red 
tint in color is common. Used mostly for 
milk. 

Horns are thick and blanted. Dewlap is 
medium. Hump is prominent. Milk cows 
and work males. 

Short stumpy horns, some polled animals. 
Small fine-boned. Coat color variable with 
reds and blacks being common. Dewlap 
and sheath are not pendulous. Useful as 
draft animal. Reproductive performance 
reported to be good. 

The group includes three related types, 
K wantung, Hainan and Kwangsi. All are 
short horned. Colors include yellow, brown, 
dun and roan. Used for draft. 



Table 2. (continued). 

Group 

Taiwan Zebu 

Tharparker 

Location 

Present cattle mostly 
derived by topcrossing 
earlier stocks with Red 
Sindhi and Kankrej stock 
from the Mainland 

District of Tharparker 
near Hyderabad. Pakistan 

Description 

See description for Red Sindhi and 
Krankrej. 

Horns of lyre type. Medium in size. Color 
usually white to gray with light gray 
backstripe. Pendulous dewlap. navel and 
sheath common. Use: Milk and work. 

zilian descendants are the Gir, Guzerat and Nelore. A fourth Brazilian Zebu 
breed, the Indubrasil, was developed from crosses among the Gir, Guzerat 
and Nelore. 

The American Brahman. This breed was developed in the Gulf Coast area 
of southern United States and Mexico. Although a few Indian cattle were 
imported into the United States prior to the introduction of the Zebu breeds 
into Brazil, the American Brahman was developed principally through top
crossing to bulls of the Brazilian Zebu breeds introduced into the United 
States through Mexico. Commercial cows of the area were used as foundation 
females. When the proportion of Zebu breeding reached 31132, females 
which passed inspection were entered into the Brahman registry as foundation 
females. The relative proportions of the various Zebu breeds represented in 
foundation animals was not recorded but undoubtedly varied widely depend
ing on the breeder. Over the entire breed, the influence of the Guzerat and 
Nelore appears to have been approximately equal, followed by that of the Gir, 
Indubrasil and others. Visual appraisal suggests that the importance of the 
various foundation breeds still varies considerably from one segment of the 
breed to another. This would appear to be reasonable in view of breed history. 
During recent years the use of Brahman bulls for crossbreeding beef cattle has 
steadily extended northward in the United States. The breed has enjoyed a 
continuing export trade to Central and South America and to Africa. Limited 
numbers of Brahman cattle have been introduced also into Northern Austral
Ia. 

The Jamaican Brahman breed was developed from the descendants of 
Indian Zebu cattle introduced into Jamaica from 1850 to 1921 and the 
American Brahman which was introduced first in 1948. The herd book was 
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closed in 1955. The Jamaican Brahman and American Brahman are similar in 
appearance. 

The Romana Red was developed in the Dominican Republic from a base of 
red Criollo type cows topcrossed to Mysore and Nelore bulls. While being 
somewhat intermediate in type, the breed phenotypically appears to fit better 
into the American Zebu breeds than into the American crossbred derivative 
group. 

The Zebu Types of A/i"ica 

The humped cattle of western Asia early found their way into Africa. They 
drifted slowly southward, mixing with humpless cattle which also originated 
in western Asia, to produce a variety of crossbreds known as the Sanga types 

Table 3. The Zebu types of Africa. 

Group 

Abyssinian 

Adamawa 

Angoni 

Azaouak 

Boran 

Diali 

Fulani, Senegal 

10 

Location 

Central highlands of 
Ethiopa and Eritrea 

Adamawa provinces of 
Cameroun and Nigeria 

Zambia, Malawi and 
Mozambique 

Azaouak Valley, latitude 
15° to 20° N, longitude 
3° to r E 

South Ethiopia, Somalia 
and north Kenya 

Flood plains of the Niger 
River and surrounding 
valleys 

Western Senegal and 
south Mauritania 

Description 

Horns of medium length, variable in shape. 
Small of size with skin folds on underline. 
Color is variable. Used for work, milk and 
meat. 

Horns are small. Medium-sized, moderately 
loose skinned. Color is highly variable. 
Triple purpose in use. 

Shorrhorned type, some horns are 
rudimentary or absent. Medium to small 
in size. Color is variable. Used for draft, 
milk, meat and ceremony. 

Horns are short in female,· medium in 
males, medium-sized, ear length and skin 
folds are medium. Color variable. 

Group includes related types. Colors are 
variable utilized by nomads and by 
ranchers. 

Horns and general type are variable. 
Medium-sized. Coat color is usually white 
but black and white, red and white and 
roan animals also occur. Used mostly for 
meat. 

Lyre-type horns. Tall of stature and 
looseskinned. Color is highly variable with 
white preferred. Triple-purpose breed. 



Table 3. (continued). 

Group 

Falani. Sudanese 

Fulani. White 

Karamajong 

Madagascar Zebu 

Maure 

Red Bororo 

Small East Afr'ica 
Zebus 

Location 

Flood plain of the Niger 
River from Segou to 
Timbuktu 

Northern Nigeria and 
Cameroon 

Region of the junction 
of Sudan. Uganda and 
Kenya 

In trod uced from A fric a 
or India 

Mauritania. Mali and 
Upper Volta 

Now found in Nigeria. 
Cameroon and Chad 

Presently found in most 
areas of East Africa 

Description 

Horns usually long and lyre-shaped but 
are variable. Medium-sized. long of leg 
with moderate skin folds. Color usually 
gray with dark splotches. Flightly of 
temperament. used for meat. 

Horns are medium to long. lyre-shaped. 
Large in size with heavy dewlap but 
moderate navel flap and sheath. Coat color 
usually is white with black points. Variants 
include flecked black and red and \vhite. 
Triple-purpose. popular for milk. 

Similar to Baran group. Origin uncertain. 
Not a distinct type. Generally rangy in 
frame. with pendulous dewlap and navel 
flap. Used mostly by Nomadic tribes for 
milk and blood. 

Horns usually are medium. curve out. up 
and forward but vary and may be absent. 
Small to intermediate in size. Used lor 
beef and work. 

Horns are fine, short in males, medium 
in females. Medium to large in size. Color 
usually black or black and white, some 
brown. Triple purpose. 

Long. lyre-shaped horns. Large. upstanding 
with loose skin. Dar'k ree! to reddish brown 
in color. Hardy and ner'vous. Valuee! mostly 
for their skins. 

Group incl udes many varieties of the same 
general type. Subtypes include the 
Mongalla, Lugware, Bukedi. Nandi. Masai. 
Tanzania and Zanzibar. etc. Many of these 
cattle used by tribes for milk. blood. work 
ane! ceremonial purposes. 

Small Somali Zebus North Somalia ane! Eritrea Horns lyre-shaped or small. A few are 
(north Somali. Gasari polled. Small in size with a small hump. 
and Garre) Color is variable. Used for milk. meat and 

Shuwa Chad region 

Sakato Northwest Nigeria 

Sudanese Northeast Africa 

work. 

Shorthorned, medium to small in size. 
color is usually red. brown or broken. 
Triple purpose. 

Short, lateral upturned horns. Medium 
sized. pronounced dewlap and navel fold. 
Used for milk and work. 

Highly variable group of Zebu cattle which 
inhabit the region. 
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which will be discussed later. The unmixed Zebu cattle of Africa did not 
separate into groups as distinct as those of India; consequently, they have not 
become generally recognized as distinct breeds. Payne (1970) tentatively clas
sified the African Zebus into 18 types as shown in Table 3. 

European types found in the tropics 

Asia 

Few Bas taurus type cattle are found in the tropical and subtropical regions of 
Asia. Payne (1970) listed these to include the Oksh types of western Asia 
along with the Chinese Yellow and Batangas types of southeastern Asia. 

A/hca 

Shorthorned Bas taurus (B. brachyceros) cattle from western Asia immigrated 
into north Africa prior to 2500 Be. Descendants of these cattle survived to 
become European types indigenous to Africa. Payne (1970) listed seven such 
groups including the Libyan, Brown Atlas, Kuri, N'Dama, Dwarf Shorthorn, 
N'Dama X Shorthorn crosses and the Muritius Criollo. 

Criollo Cattle of the Americas 

Bas taurus type cattle from the Iberian Peninsula of Europe were introduced 
into the Caribbean Islands, South America, Central America and the Gulf 
Coast region of North America by Spanish conquistadores beginning in 1493. 
Records are not adequate to document trends. It is evident, however, that in 
many areas these cattle increased rapidly in numbers for a period of approx
imately 300 years, after which time diseases and malnutrition (compounded 
with over-grazing, over-burning and mismanagement) began to take a severe 
toll. When Zebu cattle were introduced, the F] Zebu X Criollo crosses 
exhibited a favorable combination of heterosis, tolerance for tick-borne dis
eases and the ability to utilize fibrous roughage. As a consequence, upgrading 
to Zebu was accelerated as bulls became available. This practice has continued 
to the point of virtual extinction of Criollo stocks. There are a number of 
groups, however, that have been maintained as pure Criollos. Nine such 
groups are shown in Table 4. Numbers of cattle in these groups, however, are 
not large. The number that can continue as viable breeds is questionable. 
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Table 4. Improved Criollo breeds. 

Name Location Use 

Blanco Orejinegro Colombia Meat and milk 
Chino Santandereano Colombia Meat 
Costefio con Cuernos Colombia Meat and milk a 

Romo - Sinuana Colombia Meat a, b 

San Martinero Colombia Meat 
Vallecaucano Colombia Primarily milk 
Cuban Criollo C Cuba Meat and milk 
Costa Rican Criollo Costa Rica Milk 
Limonero Venezuela Milk 

a Originally selected also for draft. 
b Polled gene possibly introduced from Angus or Red Polled. 
C Some animals of this group show indications of Zebu influence. 

The Shorthorn of Northern Australia 

Shorthorn cattle were introduced into Australia during the first half of the 
19th century. The breed gradually underwent adaptive changes and eventual
ly occupied the tropical region of Northeastern Australia. Recent experimental 
results and breeder experience, however, have shown Zebu crosses to be 
better adapted to the region. Consequently, the Shorthorn is being replaced by 
crossbred types. Temperament, however, is reported to be a problem in some 
crossbreds under extensive range conditions. 

The Highly Improved Bos taurus Breeds 

One of the great achievements of man has been the development of the 
highly productive improved breeds of Europe and the British Isles, especially 
the modern dairy breeds. It is natural that their proponents, including breed
ers and professional geneticists alike, have advocated replacement of local 
types with cattle of the highly improved breeds as the logical solution to cattle 
production in all areas. These expectations, however, have not been realized 
in the harsh tropics. The cost of high quality feed and effective health 
programs usually have been prohibitive. In general, the highly improved tem
perate-zone stocks are more sensitive to unfavorable conditions than less 
productive animals. Reproduction and survival are the traits most severely 
affected. 

Under appropriate management the highly improved breeds may be used 
for production in limited areas of the more favorable tropics and semitropics. 
Their greatest potential utility in tropical areas, however, appears to be for 
crossbreeding and in generation of crossbred foundations for new strains. 
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Intermediate Zebu X European types 

Bas indicus and Bas taurus cattle were domesticated, at least in part, contem
poraneously in the same general region of the Eurasian continent. Since the 
two groups intermate freely, intermediate crossbred types arose in areas occu
pied jointly by the two groups. Some of the more distinctive of these inter
mediate groups as described by Phillips (1963), Payne (1970) and Rouse 
(1970a, b, 1973) are indicated below for various regions. 

Asia 

Payne (1970) included nine intermediate groups currently found in Asia. They 
include the Damascus, Lebanese and Persian of western Asia; the Siri from 
the mountainous regions of India; and the Burmese, Thai, Indo-Chinese, 
Thai-Kedah and Chinese yellow of China and southeast Asia. 

Africa 

Since both Bas taurus and Bas indicus cattle migrated into Africa approxi
mately 4000 years ago it is not surprising that many intermediate crossbred 
types evolved on that continent. Cattle of these crossbred groups are known 
as Sanga cattle. Payne (1970) listed 36 named groups. 

The two most notable groups are the Africander, predominantly of Zebu 
breeding, and the Bonsmara of South Africa. The Africander has enjoyed 
wide acceptance in Africa and has been exported to the United States and 
Australia. The Bonsmara is a recently-formed breed developed by selection 
from a crossbred foundation of 5/8 Africander, 3116 Hereford and 3116 
Shorthorn breeding. The production performance reported for this breed is 
impressive. 

Other intermediate African types are shown in Table 5. 

The Zebu-European Types of the American Tropics 

The grade Zebu and Zebu-European crossbred groups of the American tropics 
are of relatively recent origin. Zebu stocks were introduced into North Amer
ica in small numbers beginning about 1850 and into South America begin
ning about 1870. European-Zebu crosses appeared soon after these introduc
tions but did not become numerous until the early part of the 20th century 
when Zebu bulls from Brazil, Mexico and the United States became generally 
available to cattle producers. By this time the descendants of cattle introduced 
by the Spanish conquistadors had grown into vast Criollo populations extend-
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ing from Argentina in South America to southern Canada in North Ameri
ca. 

The first of these hardy cattle to be replaced were those of the temperate 
zones of both North and South America. Bulls of the improved British breeds 
were introduced into Argentina and the United States where the Criollos were 
upgraded into probably the most productive beef cattle ever tended by man. 
The contribution of Criollo genes to these cattle has yet to be generally 
recognized. The mounting problems of the current .. improved" stocks, bow
ever, are beginning to arouse some appreciation. 

As the density of Criollo cattle in the tropical and semitropical areas 
increased, so did the ravages of tropical diseases, starvation and mismanage
ment by man. As Zebu bulls became available, experimental Zebu x Criollo 
crosses were made. To the disbelief of promoters of the improved European 
breeds, such matings resulted in highly favorable responses in growth rate, 
thrift and general productivity. Unfortunately this response was interpreted as 
being due to superiority of the Zebu rather than to the phenomenon of hybrid 
vigor. Extensive topcrossing of local stocks with Zebu bulls led to grade Zebu 
types becoming the predominant cattle of the American tropics. As should 
have been anticipated, production performance declined with succeeding gen
erations of top-crossing and the resulting loss of hybrid vigor. Now there is 
much confusion on what course to pursue. 

Improved American Breeds Based on Crossbred Foundations 

The favorable initial responses to crossing Zebu and European stocks led 
naturally to interest in establishing new breeds based on European X Zebu 
crossbred foundations. While growth in numbers within these groups has not 
been impressive in past years, interest in such groups has shown indications 
of some acceleration. Some of the more widely recognized of these breeds 
include the following: 

Santa Gertrudis. The Santa Gertrudis was the first recognized breed of cattle 
to be developed in the United States. It was developed by the King Ranch of 
Texas, USA, in a semi-arid environment. In terms of breed composition, 
Santa Gertrudis cattle are approximately 3/8 Zebu and 5/8 Shorthorn. The 
breed is red in color with limited white spotting being permissible on the 
underline. The breed is of moderate to large size with mature bulls in pasture 
conditions weighing from 1700 to 2200 pounds. Cows under similar condi
tions weigh up to 1300 pounds. 

Bee/master. This breed was developed in Texas and Colorado, USA, by the 
Lassiter Ranch beginning in 1931. The exact percentage of blood of each 
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parent breed is not known. It is estimated, however, that a combination of 
about 25% Hereford, 25% Shorthorn and 50% Brahman breeding was incor
porated into the breed. A unique feature of this breed is that selection has 
been entirely for economic traits with no attention being given to items such 
as color or horns. 

Brangus. The Brangus breed was developed by combining Brahman and 
Angus breeding in a 3/8 - 5/8 combination and selecting for the desired traits 
of both breeds. Interest in developing the breed was stimulated by the early 
work in crossing of Brahman and Angus cattle at the United States Depart
ment of Agriculture Station at Jeanerette, Louisiana, USA. The introduction 
of newlyformed 3/8 - 5/8 foundation animals is still permitted. 

BaI·zona. The foundation for the Barzona breed was formed during the early 
1940s when the Bard Ranch of Arizona, USA instituted a crossbreeding 
program using Angus and Santa Gertrudis bulls on Afrikander - Hereford 
cows. From this crossbred foundation, Barzona cattle were selected for perfor
mance under the rigors of the sparse feed supply and high temperatures of 
the semi-desert rangelands. One of the characteristics for which selection was 
practiced was the ability to utilize coarse, fibrous browse plants. The number 
of cattle in this group is small. 

Bra/ard. Braford cattle in the United States were developed principally by 
the Adams Ranch of Ft. Pierce, Florida. In terms of foundation breeding they 
are approximately 213 to 3/4 Hereford and 1/4 to 113 Brahman. Superior 
Hereford-sired bull progeny from a Brahman-Hereford sire rotation were 
mated to females of the same breed composition to form first-generation 
Brafords. These cattle have been straightbred for 3 to 7 generations. The 
production traits which have been emphasized in selection include fertility, 
calving ease, calf survival, weaning weight, postweaning gain, moderate 
mature weight and adaptability to their environment. 

Braford type cattle have been developed also in Australia. 

Charbray. Brahman females were used extensively as foundation females in 
the process of upgrading to Charolais bulls in the USA. Crosses of these two 
breeds attracted wide attention because of their size and rapid rate of growth. 
The term Charbray was copyrighted at one time to include Charolais-Brah
man crosses containing 1116 to 1/2 Brahman. The requirement on breed 
proporations recently was changed to a 3/8 - 5/8 combination. Charbray bulls 
were used initially in the United States mainly as a substitute for Charolais 
bulls before the latter became plentiful. During recent years, they have been 
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exported principally for use in the more tropical areas where purebred Euro
pean bulls are not well adapted. 

Jamaica Black. This breed descended from Zebu x Angus crosses. It IS 

similar in characteristics to the Brangus of the USA. 

Jamaica Red. The foundation for this breed was formed by topcrossing Red 
Poll bulls on Creole X Zebu females, followed by selection for beef charac
teristics. This breed has been exported to a number of tropical countries. 

Jamaica Hope. This dairy type animal is predominantly of Jersey background 
with an undercurrent of Sahiwal and other breeds. The breed was closed and 
a breed association formed in 1953. The breed is similar in appearance to the 
Jersey. While not as productive as the Jersey under ideal conditions, the 
breed has demonstrated the capability to perform satisfactorily as a dairy type 
under less than optimum environment. 

Senepol. The Senepol breed originated on the island of S1. Croix in the 
Virgin Islands. It was developed from a crossbred foundation formed by 
mating descendents of Senegal N'Dama cattle to Red Poll bulls. It is a well 
fixed beef type of medium size. They are red in color and show excellent 
adaptation to the island environment. 

Canchim. The breeding of this group is 3/8 Zebu - 5/8 Charolais. The Zebu 
genes were derived from various Zebu breeds. The Canchim is a beef type 
animal developed by the Brazilian Ministry of Agriculture. The breed is not 
important in terms of numbers but is reported to be increasing in populari
ty. 

Pitangueira. This Brazilian selection includes 3/8 Guzerat and 5/8 Red Poll 
breeding. Ii is being developed as a dual purpose type. Numbers in this breed 
are small. 

Banteng cattle 

Domesticated Banteng (Bos sondaicus) cattle are found in Indonesia with small 
numbers having been exported to neighboring areas. They exist in the wild 
state also in Malaysia, Thailand and Burma. The Banteng types are said to be 
fertile and tractable but have not been exploited as extensively as Bos indicus 
and Bos taurus cattle. 
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Water buffalo 

The water buffalo, Bubalis bubalis, originated in southern Asia. Domesticated 
buffalo are of two types, the "river buffalo" and "swamp buffalo." The 
swamp type is used primarily for work. Wallows generally are utilized by this 
type. The River buffalo are used for milk and work. There are a number of 
breeds of river buffalo, the Murrah and Hili being seen most frequently. 
Water buffalo are of importance in southeastern Europe and Egypt, southern 
Asia, and in Taiwan, the Philippine Islands and Indonesia. Wider exploitation 
of the buffalo has been encouraged by various developmental agencies In 

recent years. Additional research on which to base recommendations is 
needed. 

Some characteristics of cattle in various tropical regions 

The American Tropics 

The majority of the beef cattle of the American tropics now are grade Zebu or 
Zebu-Criollo crosses in the process of being further upgraded to Zebu. Sadly, 
the Criollo which undergirded the economy of South America and a good 
portion of North America for a period of 400 years has been nearly eliminated 
by topcrossing to Zebu bulls. The prospects for generating enough support to 
salvage effective remnants of the Criollo do not appear bright. Nine of the 
more distinctive groups remaining are shown in Table 4. 

Survival characteristics of the current Zebu stocks are moderate to good but 
productivity, inel uding both reproduction and rate of maturity, is low. The 
genetic attributes of the cattle and husbandry practices both are in need of 
improvement if significant progress is to be achieved. While most of these 
cattle are used primarily in beef production enterprises, they are used also in 
dual purpose enterprises where the cows are milked and also permitted to 
nurse their calves. While not regarded as progressive by some, economic 
studies tend to vindicate the practice. The more modern specialized dairies 
generally utilize cows representing one or more topcrosses of highly improved 
dairy sires. There is little unanimity of opinion, however, on the most favor
able proportion of breeding from the highly improved dairy breeds. Produc
tion per lactation tends to improve with increasing levels of improved dairy 
breeding, providing nutrient requirements are met. Reproduction, however, 
tends to decline in the tropics with increasing levels of specialized dairy 
breeding. Where management and nutrition are poor, native types may per
form better than high grade improved animals. 
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A number of breeds based on crossbred foundations of the improved 
European and Zebu breeds currently are being promoted. Numbers in these 
groups, however, are not large. The impact of these crossbred derivative 
groups on cattle production in the tropical areas remains to be determined. 

There are a few water buffalo in South America and the Caribbean area but 
numbers are too limited to be of much economic significance. While favora
ble reports on the potential of water buffalo appear periodically, future exploi
tation of the animal in the area appears to be problematical because of 
extended dry seasons, manageability and rate of reproduction. 

Asia 

The outlook for the future of cattle in southern Asia is not a happy one. 
Having cradled the Bos indicus cattle which now dominate most of the 
tropical world, the future of cattle in southern Asia appears now to be one of 
decline. The improved Zebu breeds of the Americas have supplanted Indian 
cattle as the major source of export Zebu seedstock. Economic considerations, 
religious influences and the stresses of an excessive human population would 
seem to point to a probable decline in numbers and importance of cattle in 
most of tropical Asia. 

Alika 

The majority of the cattle of Africa show Zebu characteristics in varying 
degrees. Payne (1970) lists 19 types as being of Zebu parentage, 36 types as 
being of intermediate Zebu X European origin and eight groups considered to 
be of Bos taurus origin. Improved breeds of European origin are found only in 
the northernmost and southernmost portions of the continent, at higher 
elevations or in specialized dairies where adequate nutrition and good man
agement are provided. 

The majority of African cattle may be classified with respect to usage as 
those maintained principally as prestige stock. Attempts to improve the pro
ductivity of such animals have been minimal. These cattle have survived for 
centuries, however, where the environment is generally harsh and trouble
some diseases and pests abound. Under such conditions it is natural that 
genetic tolerance for some of those conditions would be acquired over time. 
With increasing restrictions on use of chemicals in the control of diseases and 
pests, some of the African stocks may playa role in future genetic programs 
for cattle production in various parts of the world. Some of the more widely 
known of the African breeds currently include the N'Dama (B. taurus), Boran 
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(B. indicus) , Nguni (B. indicus X B. taurus), Africander (B. indicus X B. taurus) 
and Bonsmara (5/8 Africander, 3/16 Hereford, 3/16 Shorthorn). 

Water buffalo are important in Northeastern Africa where they are utilized 
for production of milk and for work. Males generally are slaughtered as calves 
for meat. 

Indonesia 

The cattle of Indonesia include principally the Bali, an indigenous breed of 
Banteng cattle; the Madura, a stabilized indigenous breed descending from 
Zebu X Bali crosses; the Java Ongole developed by upgrading Javanese cattle 
to Indian Ongole oxen ip1ported for draft purposes and the Grati, a dairy type 
resulting principally by topcrossing Friesian bulls on Javanese cows. There are 
also a few pure Friesian cattle and recently Zebu x European cattle have 
been introduced on an experimental basis. 

Indonesia is considered to be an area where cattle production potentially 
could be increased, economic and political conditions permitting. Much of the 
area has enough elevation to reduce some of the stresses of the lower 
tropics. 

Australia 

The cattle presently inhabiting the tropical area of northern Australia have 
descended through the female line from the Shorthorn introduced into Aus
tralia during the early 1800s. During recent years Zebu breeding has been 
introduced into the population through the use of Africander, American Brah
man, Santa Gertrudis, Droughtmaster and Belmont Red bulls. The crossbred 
progeny from these matings have shown significant advantages over 
straightbred Shorthorns for heat tolerance, resistance to ticks and productivity. 
A systematic research program has been organized to evaluate physiological 
differences between the various types of cattle being produced. 
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2. THE TROPICS AND THE WORLD 
DEMAND FOR ANIMAL PROTEIN 

John A. Pino 

Abstract. Much of the future growth in livestock production is likely to occur in the 
tropical and subtropical belt of the world. In the tropics the now unexploited areas 
with the greatest potential for expanding livestock production occur in South America 
and Africa. Intensive research currently under way is beginning to identify and resolve 
such problems as management practices, nutrition, genetic improvement, and disease 
control. Infectious blood diseases, such as anaplasmosis and babesiosis in South 
America and trypanosomiasis and East Coast fever in Africa, along with parasitic
helminth diseases, constitute the greatest single deterrent to expansion of livestock 
production in these tropical regions. There is considerable promise that the major 
disease deterrents are amenable to solution with the appropriate preventive technology 
and management. In Africa alone it is estimated that 125 million head of cattle could 
be accommodated in the tropical rain belt. 

Although products of poultry, swine, and other non-ruminants can and do 
constitute a substantial part of the protein resources available to popUlations 
in the tropics and have a great potential for expansion (Loosli t't al., 1974) 
cattle are currently still the most important single anima! resource of food. 
Cattle are the most numerous of the ruminant species in the tropics and 
provide the largest quantity of animal food products. More than one third of 
the world's cattle are found in the tropics (Payne, 1970). 

According to recent information (Winrock, 1978), animal products from all 
sources provide roughly 32 % of the world's protein consumption and approx
imately 17 % of the energy component (Table 1). Behind such global figures 
are the obscured variations which occur from region to region, community to 
community, and even among members within a family. In the latter case. in 
some societies children are denied access to meat products, which are 
reserved for adult members of the family and, in some cases, only the male 
members. The Masai of Kenya subsist largely on diets consisting of milk, 
blood, and meat. 

Argentinians annually consume approximately 100 kg of livestock product 
per person, mostly from beef animals. Similarly, consumption of anima! 
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Table 1. Contribution of various food groups to world food supply. 1964-1966. 

Category 

Cereals 
Roots and tubers 
Sugar and sugar products 
Pulses, nuts and oilseeds 
Vegetables and fruits 
Vegetable fats and oils 
All animal products 

Meat 
Milk 
Eggs 
Animal fats 
Fish 

Source.' W inrock 1 nternalional (1978. p. 102). 

Calories 
% 

52.4 
7.8 
8.8 
5.1 
3.5 
5.3 

16.7 
(71) 
(49) 
(0.8) 
(3.1 ) 
(0.8) 

Proteins 
% 

47.4 
4.8 
0.2 

12.0 
4.3 
5-

31.7 
(140) 
(108) 

(2.1 ) 
(0.2) 
(4.6) 

products is high in North America and Oceania. Mutton and lamb form a 
large proportion of total meat consumption in the latter region. In the Indian 
subcontinent, meat products are not a significant part of the diet although the 
consumption of milk products is more common. Data regarding regional var
iations in per capita consumption of ruminant livestock products are reported 
by Winrock (1978) and presented in Table 2. 

The world demand for livestock products is expected to continue to increase 
both as a result of population increases and in response to improved economic 
status of consumers. Whether or not livestock production will expand at a 
rate adequate to meet the world demand is conjectural. Projections based on 
current trends in population growth and consumption patterns would require 
approximately a 2% growth compounded annually. Developing market econ
omies are· expected to show higher relative growth levels in demand for 
animal products than developed market economies. Compared to current 
consumption levels in those nations, however, the real increases are relative
ly modest. 

Historically, the strong economic demand of developed market economies 
for animal products has resulted in a flow of those products from economi
cally poor countries to the more affluent regions, even though from a nutri
tional point of view those products could have filled an important need in the 
exportlflg countries. Gradually, some of those nations which have been tradi
tional exporters have had to reduce their export levels as internal demand 
outpaced increases in production, and indeed some formerly exporting nations 
have become net importers (ILCA, 1979). 
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Table 2. Per capita consumption of ruminant livestock products 1970. and projected to 1985. by 
region. 

AI/ dailY MUlIon and 
products Beel and veal lamb 

Region (milk (carcass (carcass 
equivalent, kg) weight, kg) weight, kg) 

1970 1985 1970 1985 1970 1985 

1. North America 277 296 52 64 2 2 
2. Middle America 79 99 9 11 1 1 
3. South America 104 119 26 29 2 2 
4. Western Europe 374 398 23 29 3 4 
5. Eastern Europe 136 159 14 18 2 3 
6. USSR 272 343 21 27 4 5 
7. China 5 6 2 3 1 1 
8. North Africa and Middle East 110 129 5 6 5 6 
9. Central Africa 27 31 6 6 2 2 

10. Southern Africa 139 158 23 24 9 10 
II. India 69 82 1 1 
12. S. and S.E. Asia 40 52 2 3 1 1 
13. Japan 46 102 3 9 2 2 
14. Oceania 489 480 43 41 39 37 
15, Rest of world 40 52 3 3 I 2 

World average III 119 11 12 2 2 

Source: Winrock International (1978, p, 107), 

The long biological cycle of cattle, coupled with climatic changes and shifts 
in market, results in wide fluctuations in movement of livestock products, 
their prices, and ultimately in their consumption. Such dramatic variations 
occur in range-dependent livestock production systems as well as in the 
grain-dependent cattle industry of the United States. 

Much of the future growth in demand for livestock products is likely to 
occur in the tropical and subtropical belt. This is where the fastest rate of 
growth in populations is occurring and where high elasticity in demand 
prevails. Changes in demand will not necessarily be met with increases in 
production or with increased availability of products on the market. Assuming 
the existence of favorable demand stimuli as seen in Colombia, Venezuela, 
Nigeria, the Philippines, and Indonesia, the capacity of the livestock sector to 
increase productivity will depend upon availability of land, feed, and animal 
resources necessary to sustain increases in livestock numbers; availability and 
adoption of technology which will economically increase productivity and 
efficiency; and distances of resources and access to markets. 

Assuming the availability in a given region of land, forage, and other 
resources including improvements in technology, expansion in productivity 
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would be determined by structure of the production sector, price incentives, 
and other public policies which reflect the decision-making process of 
resource holders, biological time lag to expand herd numbers, and rapidity of 
adoption of improved technologies. 

Public policies will determine whether the potentially larger supplies of 
animal products will be channeled to local consumption or diverted to expor
tation for foreign exchange. In some contiguous frontier areas, cattle may be 
moved across national boundaries to those markets offering the greatest 
access or return regardless of the existing public policies. To a large extent, 
the international flow of animal products will be conditioned by prevailing 
world market prices. Traditionally, the developed market economies of 
Europe, England, the United States, Japan, and more recently the Middle 
East, absorb the bulk of animal products which are exported. The principal 
sources of fresh, frozen, or processed animal meat products which move in 
international trade have been Australia, Argentina, Brazil, and to a lesser 
degree eastern and southern African countries, Mexico, and Central America. 
The large cattle populations of the Indian subcontinent, while contributing 
little to international trade in meat products, are of great importance domes
tically in providing milk, draft power, and dung for fuel, not to mention their 
vast genetic resource value to the rest of the world. 

The tropics represent a diverse range of ecological conditions upon which 
varying cultural systems are superimposed. Payne (1970) summarized in the 
first chapter of his book the characteristics of the tropical world as these relate 
to cattle production. In those regions of the tropics where climate is moder
ated by virtue of altitude, it is possible to find established systems of milk or 
meat production similar to those of temperate climates. On the other hand, 
there are vast areas of desert, semi-desert, savannah lands, tropical forests, 
and scrub in which topography, climate, vegetation, and prevalence of disease 
have strongly infuenced the nature of the livestock enterprise. 

Generally speaking, tropical livestock productivity is quite low. Not only is 
the extraction rate (in numbers) very low but the carcass yields are only a 
fraction of what is expected under improved management conditions. Thus, 
to meet the projected requirements for meat products by the year 2000, it will 
be necessary not only to increase herd numbers but also to increase the 
carcass yield per livestock unit. Levels of productivity of existing cattle
producing regions are influenced by climate, disease, quality and quantity of 
available forage, management systems, distance to markets, and genetic char
acteristics of the stock. To bring about changes in even a few of these factors 
is extremely difficult. In the first place, certain improvements may not be 
economically feasible even in commercial ranching schemes. Secondly, the 
technology on which change can be based may not exist. And finally, the 
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capacity to generate, deliver, and gain acceptance of new production methods 
is generally very weak or non-existent in many tropical regions. 

For the most part, cattle in the tropics are maintained under extensive 
management systems. These systems vary considerably but are characterized 
by a minimum of livestock-environment manipUlation. Under commercial 
ranching schemes in Brazil and Australia, for example, cattle may seldom be 
rounded up except for cutting, branding, and vaccinating. On the other hand, 
cattle may be constantly under surveillance while moving great distances as 
in the nomadic herding systems of Africa. For the most part, there is little 
stratification or specialization in tropical cattle production systems. Animals 
are born and reared to market size in mixed age groups mostly under pasture 
conditions. Separation and/or concentration of cattle in "feeder" systems in 
preparation for market is- not practiced except in rare instances. The degree of 
herd management is generally unrelated to the value placed on each animal. 
There is now greater awareness, however, of the need for sound range and 
livestock management interventions if these systems are to be optimally 
productive. 

Milk may be an important product of cattle operations in some locations, 
although not uniformly so. Nevertheless, the production of milk in tropical 
environments is an important consideration and is usually achieved by the 
limited milking of the indigenous breeds, the use of crossbreeding to increase 
milk potential, and careful management of the usual milking breeds. In the 
latter case, a high degree of management skill is required. 

Fig. J. Aerial view or the Colombian Llanos. 
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In the tropics the now unexploited areas offering the greatest potential for 
expanding livestock production occur in South America and Africa. There are 
approximately 828 million hectares of tropical soils (classified as oxisol and 
Utisol) in South America characterized by high annual rainfall, a dry season, 
and low soil fertility. Savannah lands cover some 300 million hectares of the 
region, most of which is poorly utilized by extensive cattle production (Fig. 
1 ). 

In the opinion of scientists at the Centro Internacional de Agricultura 
Tropical (CIA T), the savannah lands of South America will come under 
increasing pressure for cattle production as the more productive soils are 
shifted to crop production. The soils of the savannah lands as well as those of 
the semi- and dense forest regions are characterized by low pH and limited 
soil nutrient availability. 

Intensive research now under way in Brazil, Venezuela, and Colombia is 
beginning to identify the problems which limit livestock productivity of the 
savannahs and forest regions. With guarded optimism, scientists are pointing 
to encouraging results achieved with new forage species, better management 
practices, mineral supplementation, and good herd health (Fig. 2). The effects 
on liveweight gains, fertility calving rate, low mortality, and days-to-market 
weight are very impressive. An impression of the potential livestock produc
tivity of the vast savannah region alone can be gained from the data given in 
Table 3 (Paladines and Leal, 1979). These authors clearly recognize the crux 
of the problem by stating: 

Fig. 2. An experimental lot of native Zebu-type callie on improved pastures in the Colombian 
Llanos. 
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Table 3. Liveweight gain of steers under increasing technologies in the Llanos Orientales of 
Colombia. 

Unburnt savanna, 
0.35/an/ha 

Savanna burnt in the dry season, 
0.20 an/ha 
0.35 an/ha 

Savanna burnt sequentially 
during the year, 
0.20 an/ha 
0.35 an/ha 

AI. minLllijlora. grazed all year, 
0.44 an/ha 
0.44/0.88 an/ha 

j\1. mil1l1li/lora with urea + molasses 
during the dry season, 
0.44 an/ha 
0.44/0.88 an/ha 

H. !'LIla, grazed during rain) season, 
0.70 an/ha 
1.40 an/ha 

P. plica ILIlum , grazed during 
rainy season, 
0.70 an/ha 
1.40 an/ha 

B decilmbens, grazed all year, 
0.90 an/ha 
1.70 an/ha 

a Weight gain corresponding to the stocking rate 
in which per animal weight gain was maxI
mum. 

b Weight gain corresponding to the stocking rate 
in which per ha weight gain was maximulll. 

Source: Paladines and head (1979, p. 324). 

AJaximum/animal (1 

Per animal Per ha 

38 13 

75 15 

95 19 

98 43 

130 58 

34 24 

66 40 

liS 106 

Maximllm//7u b 

Per animal Per ha 

(kg/g/J 

38 13 

67 23 

62 22 

58 69 

102 81 

24 34 

32 45 

86 147 
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The native savannah is a natural resource which is only now beginning to be known. 
It would seem unlikely, at this point, that a grass species could be found that is 
adapted to the conditions of the area, particularly the very low soil fertility .... The 
challenge continues to be finding a tropical legume capable of producing in this 
environment, competing with the grasses and providing a higher nutritive value to the 
pasture. 

Although CIA T continues to emphasize adequate nutrition of animals, which 
is the main constraint for increased cattle productivity in the savannah 
regions, a great deal of research will also be required in the aspects of health, 
marketing, management systems, and genetic improvement of livestock. 

Another major land mass where technology has inadequately been 
advanced to fully exploit the livestock production potential is Central Africa. 
Current livestock popUlations are found in the arid and semi-arid regions of 
the continent, principally in the periphery of the tsetse fly belt, so as to avoid 
parasitic infections associated with the more humid, high rainfall areas lying 
between 10° Nand 10° S latitude. The major deterrent to livestock production 
in this region, variously estimated at between four and five million square 
miles, is the presence of the tsetse fly, the vector of human and animal 
trypanosomiasis. This area is virtually excluded from livestock production. 
There are other serious disease impediments such as concurrent hemoparasitic 
infections including anaplasmosis, babesiosis, and East Coast fever, as well as 
helminth infections. Undoubtedly these infectious diseases constitute the 
greatest single deterrent for expansion of livestock production in the humid 
tropics of Africa. 

Diseases, however, are not the only factor. To date there has been little 
research on the management of the tropical pastures in the semi-arid lands of 
Africa. There is considerable promise and expectation that the major disease 
deterrents are amenable to some practical and effective solution. There is, 
however, little agronomic and husbandry research being conducted in antici
pation of adequate disease-control measures. The great hope is that when the 
high forage potential areas become accessible to livestock, some form of 
stratified production system could be instituted to relieve the present grazing 
pressures in the semi-arid zones. While it is too soon to predict the impact on 
total cattle productivity which such changes could bring about, the theoretical 
potential is estimated at an additional 125 million head. At the same time, it 
could be anticipated that with the appropriate technology and management, 
expansion could also occur in sheep and goat production as well. 

30 



References 

ILCA Bulletin 3: Economic Trends. Addis Ababa: International Livestock Centre for 
Africa, March 1979. 

Loosli JK, Oyenuga V A, Babatunde GM: Animal Production in the Tropics. Ibadan: 
Heinemann Educational Books (Nigeria), 1974. 

Paladines 0, Leal J: Pasture Management and Productivity in the Llanos Orientales of 
Colombia. In: Pasture Production in Acid Soils of the Tropics. Sanchez PA and 
Tergas LE, Eds. Cali, Colombia: Centro Internacional de Agricultura Tropical 
(CIAT), Series 03 EG-5, March 1979. 

Payne WJA: Cattle Production in the Tropics, Vol 1: Breeds and Breeding. London: 
Longman, 1970. 

Winrock International: The Role of Ruminants in Support of Man. Morrilton, Ark.: 
Winrock International Livestock Research and Training Center, April 1978. 

31 



3. EFFECT OF CLIMATE AND 
MANAGEMENT SYSTEMS ON 
PRODUCTION OF CATTLE 

James E. Johnston 

Abstract. Environment in the tropics varies from arid deserts to island paradises to 
steamy jungles. Climate directly affects cattle through heat, radiation and humidity in 
the ability to maintain a normal range of body temperature; indirectly, climate affects 
plant growth and nutrients available to livestock, and exposure to diseases and para
sites. Cattle have a poorly-developed sweating mechanism. High temperatures, solar 
radiation, and high humidity deters maintenance of internal heat thus interfering with 
efficient cattle production. 

Animal husbandry systems vary markedly, depending upon the type of animals 
involved and the nature of the major product to be produced. Tropical dairy manage
ment is the most difficult, partly because the tropical breeds do not have the capability 
of high levels of milk production. In less humid regions, it is possible to utilize pure 
breeds when they are provided adequate nutrition and are protected from environmen
tal stress factors. Good management includes the year-round provision of high-quality 
forage supplemented by concentrate feeding to meet nutritional requirements. Imple
mentation of the highest levels of sanitation and disease prevention methods are 
mandatory if animals are to maintain reasonable production. While disease may 
contribute to low productivity and high calf mortality rates, the principal cause of 
these losses is poor nutrition. The most costly nutritional improvements usually result 
in increased calving rates, lower mortality and more rapid growth rates. Management 
practices should also prevent or limit exposure to insect vectors and other direct and 
indirect means of infection. Improved marketing should assure reasonable prices for 
animals and animal products and result in better disease and parasite control prac
tices. 

The term "tropics" geographically refers to the portion of the earth located 
between the Tropics of Cancer and Capricorn in the area lying 23!o Nand S 
of the equator. The term also brings visions of steaming jungles and/or palm 
trees waving over sandy beaches. Actually, conditions in the tropics vary 
greatly, depending on altitude, rainfall patterns, and moderating influence of 
adjacent water; other factors are environments ranging from nearwaterless 
deserts through island paradises to steamy jungles. Except for the high alti
tude regions such as the Andean Cordillera of western South America, 
climates tend to be warm to hot with relatively narrow ranges of seasonal 
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temperature vanatlOn. Seasonal changes are most frequently identified with 
dry and wet periods associated with changes in wind speed and direction, the 
oceanic monsoons, which have a major influence on the climates of many 
tropical zones. 

Payne (1970), in a more detailed description of tropical climates, classifies 
them into four types: (1) equatorial (hot, humid with little seasonal variation; 
(2) tropical, having three seasons (cool dry, hot dry, hot wet); (3) desert (hot 
with little and irregularly distributed rainfall); (4) montane (relatively low but 
uniform temperatures and high solar radiation). Climate affects cattle directly 
through the influence of temperature, radiation, humidity and air movement, 
and in the ability to maintain body temperature within the normal range; 
indirectly, the climate affects plant growth and quantity and quality of 
nutrients available'to the animal as well as exposure to diseases and parasites. 
The level of productivity of domestic cattle is normally maximized when 
animals are maintained free of diseases and parasites, provided they have 
adequate nutrients and protection from environmental stresses. The climate 
found in the tropics influences an efficient implementation of these modern 
husbandry requirements. In the following pages, the role of management in 
minimizing the deleterious tropical climate influences will be discussed. 

Cattle are kept by man for many purposes. In the temperate zones we have 
developed specialized breeds which are very efficient in producing milk and/ 
or meat. In doing so we have selected animals which are large at maturity 
and require large quantities of nutrients to maintain the rapid growth rates 
and high levels of milk production. Such animals adapt well to cool or cold 
climates where elimination of heat from the body is seldom a problem. 
Unfortunately, cattle as a species have a poorly developed sweating mecha
nism. The heat produced in the body as a result of digestion in the rumen 
and basal productive metabolic functions is eliminated primarily by convec
tion through the skin to cooler air, conduction from the skin when lying on 
cool ground or other surfaces, and through warming of cool air and vapori
zation in the respiratory tract and on the skin surface. When such animals are 
exposed to hot climates where air temperatures may approach or exceed body 
temperature, high humidity limits evaporation from both the respiratory tract 
and skin. When solar radiation is also high, maintenance of thermal balance 
becomes difficult, if not impossible. Since level of production, in terms of rate 
of growth and milk yield, is directly related to internal heat, the most 
productive animals experience the greatest difficulty when exposed to hot 
conditions. 

Until recent times, cattle found in the tropics have not been so carefully 
selected for high levels of milk production and rates of growth. In most areas 
they have been kept primarily for draft use, production of manure and/or 
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accumulation of capital. Where milk is used by the owner, it is usually a 
by-product and meat and hides are residual benefits. Contrary to popular 
opinion, physiological studies have shown that the major reason for the 
greater adaptability of tropical cattle, such as the Zebu, to hot conditions is 
their lower internal heat production rather than ability to lose heat. All the 
evidence indicates that if the growth and/or milk production capabilities of 
these animals were equal to that of their temperate-zone counterparts, they 
would lose most of their heat tolerance. McDowell (1972) provides an excel
lent discussion of responses of animals to warm environments. 

The problems of maintaining high levels of cattle productivity are most 
severe in areas when the humidity is high. This is due to the fact that when 
air temperatures are near animal body temperature, most or all of the excess 
body heat must be lost by evaporation. This is not very effective when the 
water vapor in ambient air is already high. Animals producing more than a 
few liters of milk per day are more severely affected than non-lactating 
animals because of high levels of internal heat production associated with 
digestion of feed, metabolism of nutrients and milk secretion. Internal heat 
production is augmented by radiation from solar, ground, and other surround
ing sources. When heat gain exceeds heat loss, body temperature begins to 

rise. The first indication of this thermal imbalance is usually a rise in respira
tion rate and an increase in secretion by the sweat glands. Both of these 
reactions are designed to increase heat loss by evaporation. If the air is dry 
enough and excess body heat is not too great. the rise in body temperature 
may be prevented from reaching physiologically debilitating levels. Excess 
heat accumulated during the day can usually be eliminated during cooler 
night hours. It may be noted that relative humidity of ambient air may not be 
a good index of evaporation efficiency. Saturated air at 40 0 C holds nearly 
three times as much water vapor as it does at 20°C. Evaporation from the 
respiratory tract takes place at body temperature and from the skin at a 
temperature close to it. 

When the body temperature of the animal rises above the normal level, one 
of the early effects is a reduction in appetite. If animals have a choice of feeds 
ranging from course roughages to grains, they will reduce their intake of 
roughage and increase intake of grain. This is advantageous since the meta
bolizable energy content of roughage is considerably lower than that of grains, 
and the heat associated with ruminal digestion is considerably higher. It is 
thus possible for the animal to maintain its metabolizable energy intake while 
reducing its heat loss requirements when provided this choice of feeds. To 
achieve this result without change in feedstuffs, one option is to provide the 
animal with access to the better quality feeds during the warmer parts of the 
day and to the coarser portions during the cooler night hours. This becomes 
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desirable when the roughage portion of the diet is obtained from grazing. The 
animal may then be protected from the added heat of the sun by shading 
during the day and the loss of radiant heat is emitted in the cool of the 
night. 

Ideally, management practices in the tropics should be designed to (1) 
prevent or minimize rise in body temperature; (2) provide and encourage 
consumption of a diet containing adequate quantities of all nutrients required 
for body maintenance and current productive functions; (3) protect from 
exposure to infection by diseases and parasites and (4) avoid injury due to 
rough handling, predators, etc. Unfortunately, the ideal is seldom achieved. It 
may not be economically feasible or it may be impossible to effectively 
control all these elements due to problems such as theft of grazing animals at 
night or lack of adequate feedstuffs during certain seasons of the year. There 
are usually some management options, however, which can be implemented 
to improve efficiency of cattle production. 

Management systems vary markedly, depending upon the type of animal 
employed and the product to be produced. Tropical dairy management is 
unquestionably the most difficult. This is due partly because none of the 
tropical breeds of cattle have the capability of high levels of milk production, 
therefore, most intensive dairy production units utilize either crossbred or 
pure temperate-origin dairy breeds. In the less humid regions it is possible to 
utilize pure breeds such as the Holstein-Friesian when they can be provided 
adequate nutrition and protection from environmental stresses. In humid 
zones it is almost always necessary to use crosses between tropically-adapted 
and European dairy breeds. This reduces maximum yield potential but simul
taneously increases resistance to heat; also reduced is the cost of protection 
from other environmental stresses including some disease problems. Good 
management include the year-round provision of high-quality forage supple
mented by concentrate feeding to meet individual nutritional requirements 
based on production level. The same basic feeding standards apply in tropical 
as in temperate-zone dairy management. Cut-and-carry forage systems protect 
ani mals from heat stress by the use of well-ventilated shaded feeding areas; 
also, confinement feeding frequently simplifies protection from tick and 
insect-born diseases and parasites. The highest levels of sanitation and 
disease prevention are mandatory in tropical dairy management if animals are 
to maintain a reasonable level of production. Reproduction is critical to dairy 
operations and is frequently a problem in the tropics. Nutritional, heat and 
disease (non-reproductive as well as reproductive) stresses all tend to reduce 
fertility and, even under the best management conditions, high-producing 
dairy cattle are usually subjected to one or more of these stresses. It is not 
unusual for conception to be delayed until near the end of the lactation 

36 



period. The problem is usually most severe in high-production animals. There 
is no absolute cure, but conditioning of animals prior to calving is important 
to provide adequate body reserves that are drawn upon during the peak of 
lactation. Use of artificial insemination is desirable, particularly during the 
period when herds are being graded up to temperate breeds. Many good 
managers also keep a bull and use it when a third or later service is required. 
Pregnancy diagnosis after non-return to service is good practice since many 
animals will exhibit" silent" heats during lactation peaks. Dairying is diffi
cult, but not impossible in the tropics. The manager must have a good 
understanding of the stresses which affect the animal and how they can be 
reduced to a minimum. Veterinarians must be familiar with the symptoms of 
stress since they may frequently be similar to symptoms of disease and, in 
any case, reduce the animals' resistance to disease. 

Beef, draft and other types of cattle operations have many more options 
than dairy production. Animals kept for these purposes have much lower 
nutritional requirements and, unlike the milking animal, can withstand short 
periods of deficiency without serious impact on future performance. Lower 
rates of metabolism associated with maintenance and normal growth result in 
comparatively lower levels of internal heat production so they are able to 
withstand much higher external heat loads before suffering physiological 
distress. Tropical breeds such as the Zebu cattle of Asia and Africa and the 
Criollo of Latin America are considerably more resistant than the European 
beef breeds. The American Brahman is an excellent compromise and has 
been used extensively in many parts of the world. 

Raising cattle in the tropics has varied tremendously around the world. 
Methods range from the nomadic systems of the Sahel ian zone of Africa to 
the extensive ranches of South America, and the village systems of Asia. A 
few management principles are outlined here. Most traditional systems suffer 
low reproductive rates in breeding-age females and high calf mortality. While 
disease is a factor in some cases, the principal cause of these problems is poor 
nutrition. These problems can be alleviated by any management system based 
on balanced nutritional feed. The animals should gain weight during the 
breeding period and they should be maintained in good condition during the 
first four or five months of the suckling period. In areas where rainfall is 
seasonal this can sometimes be achieved by scheduling breeding toward the 
end of the rainy season; calving will then take place during the early part of 
the subsequent rainy season to take advantage of good nutritional conditions 
during those times. Pasture improvement may also help through the incorpo
ration of legumes for improved nutritional balance, increase total pasture 
production and extend the effective grazing period further into the dry season. 
When conditions permit, roughages should be stored to feed during critical 
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periods. Mineral deficiencies which are also frequently encountered can be 
overcome by use of salt and trace minerals, either in block or loose form. 
There are many approaches to the improvement of nutrition but the practical 
decision must be based on whether the resultant increase in income justifies 
the investment required. 

Shade may improve reproduction and growth, particularly during periods of 
high solar radiation; this may be provided by leaving groups of trees when 
clearing pastures or by erection of artificial shade. Shade provisions, however, 
must be used with caution when animals are forced to cover large areas daily 
to obtain sufficient nutrients. In such cases they may remain in or near the 
shade, leaving other areas ungrazed, thus suffering from inadequate feed 
intake. 

While some practices may cost little or nothing, such as adjusting the time 
of the year when animals are bred, most improvements entail some expense. 
The most costly are usually nutritional improvements resulting in increased 
calving rates, lower mortality of young stock, and more rapid growth rates. 
For the greatest economic benefits, management practices should also prevent 
or limit exposure to insect vectors and other routes of infection. Improved 
marketing arrangements should assure reasonable prices for animals and 
animal products and result in better disease and parasite control practices. 
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4. HUMAN -BOVINE ECOSYSTEMS: 
REFLECTIONS ON ZOONOSES IN THE 
TROPICS 

I. Kakoma and M. Ristic 

Abstract. Various categorip.s of zoonoses are maintained between cattle and man. 
These may be direct zoonoses, transmitted directly from cattle to man or vice versa; 
cyclozoonoses requiring more than one vertebrate host to complete the developmental 
cycle needed for transmission; metazoonoses requiring an invertebrate vector for 
transmission, or saprozoonoses which involve vertebrate and invertebrate hosts in the 
process of transmission. Social, cultural and religious attitudes to cattle are important 
factors in the development and maintenance of diagnostic, epidemiologic and control 
measures of bovine-human zoonoses. It is suggested that priority of disease control 
measures should start with intensive mass education in standard public health con
cepts; provision of good communication facilities, implementation of vector control 
and specific immunoprophylaxis. 

Introduction 

The economic, aesthetic and religious associatIOns between cattle and man 
have had tremendous impact on the evolution of diseases common to man 
and his domestic animals. According to Schwabe (1979) the history of 
human-bovine interaction dates back to between 4000 and 300 Be, during 
which time it is referred to as the" bull-cow" culture of Egypt preceding the 
horse-culture. The "cattle-complex" culture is still represented in India for 
religious reasons and in East Africa for basic economic needs. The "cow
boy" culture of North and Central America is a very recent off-shoot of cattle 
culture in a highly commercial setting. Whatever the level of interaction 
between cattle and man, ecologic nooks exist which facilitate transmission of 
diseases between man and his bovine companions, thereby contributing to the 
zoonosis situation. 

The term zoonosis has been variously defined but perhaps the most autho
ritative definition is that proposed by the Expert Committee on Zoonoses of 
the United Nations (WHO, 1967). The basic criterion emphasizes epidemio
logic features and categorizes zoonoses into (1) direct zoonoses which are 
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transmitted from one vertebrate host to another by direct contact, fomite or 
mechanical vector (rabies, trichinosis, brucellosis); (2) cyclozoonoses whereby 
more than one vertebrate host species is required to complete the develop
mental cycle of the agent (Echinococcosis, Taeniasis); (3) metzoonoses trans
mitted by invertebrate hosts in which some developmental stages of the 
parasite occur (Rocky Mountain spotted fever, malaria, babesiosis); (4) sapro
zoonoses which involve both vertebrate and invertebrate hosts (larva 
migrans). 

In this review an attempt will be made to examine the role of bovine
human interactions in the maintenance of zoonoses. Particular attention will 
be paid to those husbandry systems in the tropics where traditional cattle 
husbandry methods and other practices appear to favor transmission of var
ious diseases common to man and cattle. 

Conditions favoring spread of zoonoses 

Elton (1958) observed that human and" animal" ecology have developed and 
evolved in curious contrast to each other. He further noted that human 
ecology has been concerned almost entirely with the effects of man upon 
man, disregarding the other animals among which we live. Schwabe (1969), 
on the other hand, has cautioned that however secure and well-regulated 
civilized life may become, bacteria, protozoa, viruses, infected fleas, lice, ticks, 
mosquitoes and bedbugs will always lurk in the shadows when neglect, 
ignorance, poverty and famine prevail. It is therefore clear that the success of 
preventive medicine will depend on a clear understanding of the interaction 
of man and his environmental animal partners. Chief among the time
honored socio-economic and religious companions of man is the cow. The 
frequency and intimacy of bovine-human interactions are almost inversely 
proportional to urbanization. The problem of zoonosis is principally, but not 
exclusively, a rural one. 

Consider a typical human-bovine ecosystem among the Dodos of East 
Africa as described by Deshler (1965). There are 20000 people on 3000 
square miles where 75000 heads of cattle are kept. The people are outnum
bered by cattle by a factor of 4 to 1. These people consume bovine milk, meat 
and blood. Animals that die from miscellaneous diseases are also used as a 
source of meat. 

The majority of human population who interact freely with cattle live in 
the highly disease-ridden rural tropical and sUbtropical parts of the world. In 
some of these countries (e.g., East Africa) there is intimate continuous inter
action between cattle and human beings. In small households very young or 
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very sick calves are often removed from overcrowded calf-houses and trans
ferred to human premises. Thus in a 50 square foot house, one may find 
three or four calves tethered in different corners of the living room and 
children and guests ma·y virtually be surrounded by cattle during meal times, 
bedtime and on other occasions. In this environment there is aerosol, fecal, 
urinal and direct contact between healthy and diseased animals and human 
beings. In these communities where people depend so much on milk, no 
modern milk sterilization facilities are available. Milk is frequently consumed 
immediately after milking while it is still" warm" before any milk-inherent 
bacteriostatic or bacteriocidal effects on pathogens have taken place. In some 
of these communities bovine urine is also used to wash milk containers thus 
contributing to the spread of leptospirosis (see chapter 17 on Leptospirosis). 
Populations of some communities, e.g., the Masai of Kenya, also consume 
enormous amounts of raw meat and milk-blood cocktails providing a direct 
means for spread of zoonoses. 

There is no data to substantiate grave public health dangers in these 
practices, but it would seem important to examine their relevance to disease 
transmission. From an immunological point of view, the level of antigenic 
bombardment of human beings by tissues and fluids derived from bovine 
species is phenomenal in these communities. Consider the following systems: 
(1) gastrointestinal - from milk, meat and blood; (2) cutaneous - directly from 
rubbing against animals during milking, etc.; (3) aerosol exposure - (a) dro
plets from animals and human beings breathing in a closed environment, (b) 
smoke from burning cow manure, especially in India where cow dung is a 
major source of energy. Although no concern has arisen regarding possible 
consequences of these multi-route exposures, one may classify these as poten
tial environmental hazards with unpredictable immunological implications. 

Specific human-bovine zoonoses 

Cattle and man are susceptible to a number of diseases transmissible from 
cattle to man and sometimes vice versa (see Table 1). These may be viral, 
bacterial, protozoal, rickettsial, mycotic or helminth infections. The range of 
these infections include direct zoonoses, cyclozoonoses, metazoonoses and 
saprozoonoses. 
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Table 1. Major zoonotic diseases of man and cattle". 

Infection 

Cowpox 
Foot-mouth disease 
Vesicular stomatitis 

Pseudorabies 
Reovirus infection 
Anthrax 
Brucellosis 
Streptococcosis 
Colibacillosis 
Leptospirosis 
Listeriosis 
Klebsiella infection 
Pasteurellosis 
Pseudotuberculosis 
Tuberculosis 
Vibriosis 
Ringworm 
Sacrosporid iosis 
Taeniasis 
Pe n tastom 
Echinoccosis 

Pixuma 
Japanese B encephalitis 
Tick fever 
Rift Valley fever 
Vesicular stomatitis 
Q-fever 

Trypanosomiases 
Babesiosis 
Dicrocoeliasis 
Schistosomiasis 
Botulism 
Rhinosporidi'osis 
Mucormycosis 
Streptricosis 
Syrigamus infection 

CategolY 

Direct 
Direct 
Direct or indirect 
( mechanical) 
Direct 
Direct 
Direct 
Direct 
Vehicle or direct 
Vehicle 
Vehicle or contact 
Contact 
Direct 
Direct 
Direct 
Direct 
Direct 
Direct 
Direct 
Cyclo-
Cyclo 
Cyclo-

Meta-( 1110sq ui to) 
Cyclo-( mosq uito) 
Cyclo-(tick or milk) 
Cyclo-( mosq u ito) 
Cyclo-( phlebotomus) 
Cyclo-(tick or 
direct milk) 
Cyclo-(tsetse ny) 
Cyclo-(tick) 
Cyclo-(snail) 
Cyclo-(snail) 
Sapro-(vehicle) 
Sapro-(vehicle) 
Sapro-(vehicle) 
Sapro-(vehicle) 
Sapro-(vehicle) 

" Modified from Schwabe (1969). 

Direct Zoonoses 

Incidence 

Common 
Sporadic 
Sporadic 

Rare 
Sporadic 
Sporadic 
Sporadic 
Coml11on 
Common 
Sporadic 
Sporadic 
Common 
Sporadic 
Sporadic 
Common 
Sporadic 
Common 
Sporadic 
Common locally 
Sporadic 
Sporadic or 
cOl11mon locally 
Sporadic 
Sporadic 
Sporadic 
Sporadic 
Sporadic 
Sporadic 

Sporadic 
Sporadic 
Sporadic 
Sporadic 
Sporadic 
Sporadic 
Sporadic 
Rare 
Sporadic 

Cfinical picture 

Mild 
Mild 
Mild 

Mild 
Mild 
Severe to mild 
Variable 
Severe 
Severe 
Severe 
Severe 
Severe 
Severe 
Severe 
Severe 
Severe 
Scvere 
No disease 
Mild 
Mild 
Mild 

Mild 
Serious 
Serious 
Serious 
Mild 
Severe 

Severe 
Severe 
Variable 
Severe 
Severe 
Sevcre 
Severe 
Mild 
Mild 

Brucellosis. Bovine brucellosis caused by Brucella abortus is transmissible to 
men by consumption of raw milk and milk products. Direct contact with 
infected tissues, fetuses and fetal membrane discharges are the most common 
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modes of transmission among farmers, herdsmen, veterinarians, butchers and 
many others. 

Bovine brucellosis is a world-wide disease and its incidence corresponds 
with the density of cattle populations. Considering that no tropical or subtro
pical country has achieved an eradication program for brucellosis, it can be 
safely assumed that in these regions most herds of cattle are infected to 
varying degrees. In Colombia, for example, the cattle population of the 
"entire country" may be infected with Bruce/la (Manrique, 1976). In some 
areas of Subsahara Africa the incidence of brucellosis may be as high as 42 to 
100% (Thimon and Wundt, 1976). 

Aborted fetuses, membranes and discharges are generally not properly 
disposed of. In most cases, roaming herds of cattle stampede on the aborted 
tissues which usually are not found and disposed of by the cattlemen. Vacci
nation has not been universally adopted and slaughter-compensate policies are 
impractical because of economic reasons. The exact economic impact of 
brucellosis in nomadic communities has not been assessed since mobilization 
of cattle and owners is virtually impossible. 

Staphy/ococcosis. This disease syndrome is a typical example where men 
may act as a reservoir for infection of his cattle and vice versa (Courter and 
Galton, 1962). 

Tuberculosis. Tuberculosis caused by Mycobacterium bovis is one of the 
oldest and perhaps commonest diseases of cattle and man. Man may contract 
infection from drinking infected bovine milk and by direct contact (aerosol) 
with infected cattle or other human beings. Constraints due to difficulties of 
enforcing stringent public health programs in the tropics have perpetuated this 
disease in man and his domestic animals. Conditions of crowding of cattle 
and people in humid, poorly ventilated places are strong predisposing factors 
for overt or subclinical tuberculosis. 

Approximately two-thirds of the world's one billion cattle live in regions 
perpetually threatened by tuberculosis (Myers and Steele, 1969), particularly 
affecting the third-world countries. As indicated above, living conditions in 
some developing countries favor intimate contact between cattle and human 
beings through exhaled air, feces, vaginal discharges, urine and milk. Accord
ing to Myers and Steele (1969), M. bovis is excreted for long periods of time 
and persists in humid and dark conditions. It is estimated that feces may 
remain infective for up to 2 months and the organism may survive in slurry 
for up to 5 months. The majority of individuals perhaps become infected by 
the aerosol route (via droplet). The risk in households where pneumonic 
calves are tethered is obvious; Henning (1956) has cautioned that working in 
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an infected cattle herd is more risky than working in a human tuberculosis 
hospital. Developing countries will probably continue to be infested with 
tuberculosis since rigorous control measures, e.g., eradication, cannot be 
implemented due to economic constraints as in the case of brucellosis control 
measures. 

Tuberculosis occurs in two predominant forms. Inhalation infection is com
monly produced by the human mycobacterium type but may also be caused 
by the bovine type, especially in rural areas with a high incidence of bovine 
tuberculosis. An alimentary infection is caused almost exclusively by the 
bovine type. The alimentary infection is generally less severe than the inhal
ation type. 

Among human populations in rural areas, the inhalation form of infection 
due to bovine type may be as high as 50% (Jensen, 1953). This infection 
arises almost invariably in stables. The alimentary type, on the other hand, 
arises most frequently from consumption of infected raw milk. Among the 
associated complications of the alimentary type are tuberculous meningitis 
and cervical adenitis in infants (Jensen, 1953). In a comprehensive study in 
Denmark, Jensen (953) found that in areas with a high incidence of tuber
culosis of children (7 to 8 years), 47% residing in urban areas and 23.3% of 
those from rural areas were tuberculin positive. A parallel study in areas free 
of bovine tuberculosis showed that there were significantly low tuberculin 
reactors. These figures obtained from Denmark about 30 years ago may be 
closely applicable to a number of developing countries today. 

Leptospirosis. According to Hanson (see chapter 17 on Leptospirosis), tropi
cal cattle appear to harbor a great number of leptospiral serovars and human 
exposure to bovine leptospires in these areas is a common occurrence. 
Chronic carriers continuously shed the organism in urine. Given the com
monly humid conditions in the tropical rain forest, one would expect optimal 
conditions for the survival of leptospires in the environment. The chances, 
therefore, of human infection through either urine or milk are maximal under 
tropical living conditions in cattle-keeping societies. 

Anthrax. Bacillus anthracis is pathogenic for almost all mammals. Glassman 
(958) presented an extensive review of the world incidence of anthrax. In 
general, human anthrax is contracted through direct contact and fomites. Two 
categories of human anthrax are well-known: 0) non-industrial type affecting 
farmers, butchers, veterinarians and laboratory workers and (2) the industrial 
type affecting humans handling hides and hair products as exemplified by 
woolsorter's disease. 

The non-industrial type is characterized by malignant pustules while the 
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industrial type may show both malignant pustules and/or pulmonary disease. 
Fatal septicemic anthrax frequently follows consumption of meat from 
infected carcases. The victims develop severe gastrointestinal disturbance with 
profuse diarrhea. Fatal cases have been reported among the Masai people of 
Kenya who, according to Cachia (1960) knowingly eat animals which have 
died of anthrax because they reason that not everyone who eats the infected 
meat becomes infected with anthrax and of those who contract the disease, 
few will die, so why waste the meat? Consumption of meat of moribund or 
dead cattle is a very common practice in rural Africa and incineration or 
burial of such carcases has to be strictly supervised by health and law 
enforcement officials. 

Metazoonoses 

Rift Valley Fever (RVF). This is an acute arthropod-borne virus disease with 
a strikingly wide host range. Humans associated with diseased animals pre
sent an influenza-like syndrome with varying degrees of fever. In sub-Sahara 
Africa, Aedes lineapennis and A. coustani are the major mosquito vectors of 
RVF. The geographic distribution of RVF coincides with the presence of 
heavy populations of cattle within the so-called" cattle-complex" societies of 
East Africa and in areas where various mosquito species exist. 

The perpetuation of RVF depends on cattle among other mammals. This 
zoonosis can be transmitted through direct or indirect contact with diseased or 
dead domestic stock (see chapter 12 on RVF). The species of mosquitoes 
which transmit RVF feed on both cattle and human beings and, obviously, in 
a tight human-bovine ecologic niche (e.g., East Africa) transmission from one 
vertebrate host to another is a continuous cycle. Aerosol and wound contam
ination are the most common modes of infection for human beings in Kenya, 
Uganda, Tanzania, Sudan, Malawi, Zambia, Zimbabwe, South Africa and 
Namibia. Among animal and human populations, epizootics occur at intervals 
of 4 to 15 years, perhaps reflecting herd immunity and density of the inver
tebrate host. An element of zooprophylaxis may also be a significant factor. 

Babesiosis. One of the most widespread hemotropic diseases is protozoan 
babesiosis caused by various Babesia spp. In the last two decades, babesiosis 
has been recognized as a new zoonotic disease (Ristic and Smith, 1974). For 
nearly a century babesiosis has caused enormous losses in cattle (Smith and 
Kilborne, 1893). Splenectomized human beings were the first reported to 
develop babesiosis (Skrabalo and Deanovic, 1957; Scholtens et al., 1968; 
Fitzpatrick et al., 1968). Human beings with spleen in situ can also succumb 
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to clinical babesiosis (Western et al., 1970; Ristic et al., 1971; Anderson et 
al., 1973), thereby indicating that the incidence of babesiosis may be higher 
than was originally expected. This also poses a new complicating dimension 
to the differential diagnosis of human malaria. Further, the concept that 
Babesia spp. are host-specific is no longer tenable. The first case of human 
babesiosis was a farmer (Skrabalo and Deanovic, 1957). The patient developed 
fever, severe anemia, jaundice, and hemoglobinuria. Babesia hovis, a common 
cattle pathogen, was demonstrated in his blood smear. His cattle were later 
shown to have been infected with the same organism. Many other cases of 
human babesiosis of non-bovine origin have since been documented (Ristic 
and Smith, 1974; Healy, 1979). Given the level of tick infestation, the degree 
of interaction between man and cattle in the tropics where babesiosis is 
endemic, one would suspect many cases of human babesiosis misdiagnosed as 
Plasmodium Jalciparum malaria. Trophozoites of these two protozoa are 
remarkably similar. Specific immunodiagnostic tests must be developed to 
ascertain such diagnoses and extend the epidemiologic studies in populations 
at risk, particularly in the areas with heavy cattle and tick populations. As of 
June, 1979, a world-wide total of 23 human babesiosis cases had been 
documented (Healy, 1979). Table 2 summarizes some of the human cases 
confirmed as babesiosis. 

Substantial progress has been made in specific immunodiagnosis, isolation 
in laboratory animals and ultrastructural differentiation between Babesia spp. 
and P. Jalciparum (see chapter 35 on Babesiosis). A typical clinical situation is 
illustrated by the isolation of the Gray strain of Babesia from a woman (Ristic 

Table 2. Babesiosis in human beings. 

Number 
clinical form 

19 acute 

4 asymptomatic 

Status 
spleen 

4 without 
spleen 

15 with 
spleen 

All with 
spleen 

Tick bite 
Outcome of Geographic 
the disease regions 

All with Yugoslavia 
history of 3 died Ireland 
tick bite I recovered U.S.A. 

Most with 
history of France 
tick bite All recovered U.S.A. 

3 with No further 
history of information Mexico 
tick bite of illness U.S.A. 

Babesia species thus far diagnosed or isolated: Babesia bovis, B. divergens, B. equi, B. miaoti. 
Additional clinically proven cases of B. microti infection reported since the above table was 
prepared were as follows: 7 Nantucket Island and 2 Martha's Vineyard Island, MA, 2 Shelter 
Island and I Long Island, New York (Ristic and Healy, 1981). 
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Fig. 1. Hamster erythrocytes heavily infected with the Babesia microti (Gray) strain isolated 
from a clinical case of human babesiosis. Giemsa stain. X 1100 

Fig. 2. Electron micrograph of two intraerythrocytic Babesia microti (Gray) organisms of human 
origin from an experimentally-infected hamster. Note the numerous polysomes, nucleus (N) 
surrounded by a nuclear membrane (NM). Parasite-derived material represented as bud-like 
structures joined by strands and islets is also shown between the two organisms. X 23 500 
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Fig. 3. A typical result of the capillary tube agglutination reaction of paired human serum 
samples. Right: sample collected during the acute phase of babesiosis (negative); left: sample 
obtained approximately 3 weeks later (positive). 

et al., 1971). These investigators demonstrated that monkeys were susceptible 
to the Gray strain. Similarly, erythrocytes from inoculated hamsters showed 
numerous forms of the organism (Fig. 1). The protozoal nature of the isolate 
was confirmed by electron microscopy (Fig. 2). The organisms contained 
numerous polysomes, food vacuoles, double membrane vacuoles, and a typi
cal nucleus bounded by a nuclear membrane. It was also shown that the 
patient's serum contained antibodies capable of reacting with the isolated 
organism. The result of the capillary tube agglutination test is shown in Fig. 3 
and this result was supported by an indirect fluorescent antibody test. Isola
tion procedures and diagnosis will become relatively easier if the current 
research on in vitro propagation of Babesia spp. (see chapter 35 on Babesiosis) 
becomes readily available thereby obviating reliance on living animals for 
isolation procedures. 

A/f'ican Trypanosomiasis (sleeping sickness). This form of sleeping sickness 
must be distinguished from American trypanosomiasis (Chaga's disease). The 
tsetse fly transmits African sleeping sickness caused by Trypanosoma brucei, 
T. rhodesiense and T. brucei gambiense most frequently during the day and 
away from home. American trypanosomiasis, on the other hand, is contracted 
at night in a man's home through the feeding of reduvid bugs. 

In African trypanosomiasis Paipaiis group flies which do not ordinarily feed 
on game animals transmit wild animal trypanosomiasis to man and domestic 
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animals (cattle), which were earlier infected by Glossina spp. feeding on both 
wild and domestic animals. Cattle appear to be incidental reservoirs (Ristic 
and Smith, 1974) but may be a very significant source of trypanosomiasis, 
particularly where wild animal populations have been significantly reduced as 
in some areas of Eastern Africa. 

Conclusions and recommendations 

The above account has attempted to highlight the sources of actual or poten
tial zoonoses perpetuated by the close ties between human beings and cattle 
under frequently sub-standard living conditions in the tropics. The authors do 
not pretend to have any immediate panacea to these problems but feel that 
control efforts should be concentrated initially in three broad spectrum fronts 
of attack: (1) mass education, (2) improved communication facilities and (3) 
specific control measures (e.g., vector control, immunoprophylaxis). 

The majority of the people residing in the tropics cannot read or write and 
many have not been exposed to routinely accepted standards of hygiene. 
Even if sewage disposal facilities, running piped water, excellent modern 
medical facilities were suddenly introduced over all the tropics, the major 
problems would be contained but not satisfactorily resolved. The cost of such 
an undertaking would be prohibitive and the solution would be only tran
sient. The best investment of modern technology in the tropics should be 
aimed at teaching the people the simple practices of personal hygiene which 
minimize contamination of water and food supplies with unhealthy animals 
and human products. This can be achieved by boosting the existing maternity 
centers, rural medicine endeavors (e.g., the Flying Doctor Service of East 
Africa) and laying extra emphasis on public health and rural development 
curricula in pre-college schools. A mass educational campaign would discou
rage situations of meat handling like those described in Guatemala (Schwabe, 
1969), for example, where cattle are slaughtered anywhere and meat is hand
led under improper facilities, without refrigeration, minimal water supply, no 
sewage disposal systems, massive infestation with flies and rodents, and no 
trained meat inspectors. Kaplan (1957) and Mann (1963) have discussed these 
problems in detail within particular country contexts. This problem is so acute 
that developing countries ought to train as many certified meat inspectors as 
possible and also attempt to establish creditation procedures for butchers, 
milk technologists and producers of meat and milk by-products. 

The above endeavors would be greatly accelerated by improved mass com
munication; today there are areas in the world where it takes many hours to 
communicate by telephone within a 10 to 20 mile radius. Similarly, travel is 
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extremely difficult in some areas where there are no reliable all-weather roads 
or where travelers depend on unsafe improvized canoes. This makes pooling 
of medical services very difficult, especially transportation of emergency cases 
to appropriate hospitals. 

Measures of the nature outlined above would have a tremendous impact on 
direct zoonoses (e.g., anthrax); cyclozoonosis (e.g., taeniasis) and sapro-zoon
oses (e.g., visceral larva migrans) but they may not have a great effect on 
metazoonoses (e.g., babesiosis and malaria). For these situations, emphasis 
should be placed on specific immunoprophylaxis and vector control. Experi
ence gained from successful vaccination against other deadly diseases such as 
rabies, anthrax, various clostridial infections, and a limited number of hemo
tropic and helminth diseases has provided unequivocal evidence in support of 
immunoprophylaxis as the most rational and economical means of combating 
infectious diseases. However, a successful vector control and vaccination 
program will require trained personnel, an enlightened general public and 
reliable facilities for research and communication. These conditions would 
facilitate disease monitoring programs and improved methods of gathering 
and documentation of epidemiologic data. It must be noted that many excel
lent facilities are available in various countries of the third world. There is an 
urgent need to enhance interregional cooperation over and above the political 
differences and boundaries to optimize the implementation of disease control 
measures. 

Finally, the very nature of zoonoses, by definition, demands a concerted 
effort between workers in human and animal diseases. Such cooperation 
would be boosted by encouraging more cooperative training programs for 
physicians, veterinarians and para-professional personnel. 
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5. EPIDEMIOLOGICAL APPROACHES 
TO DISEASE CONTROL 

Michael Jo Burridge 

Abstract. Many host characteristics, specific agents and environmental factors act as 
determinants of disease, influencing directly or indirectly the frequency of occurrence 
and the distribution of any given disease. These determinants, together with some of 
their important interrelationships such as modes of transmission of infectious agents, 
will determine the patterns of disease in animal populations. Measures for successful 
disease control must be based, therefore, on an understanding of the relative impor
tance of each disease determinant. This can be accomplished by application of analyt
ical statistical procedures and mathematical modelling techniques to epidemiological 
data. Such studies often suggest a number of alternative control strategies. Economic 
analysis is then required to help determine the optimal control strategy, selecting the 
approach that offers the greatest social and economic benefits at an acceptable cost 
level. 

Epidemiology (or epizootiology) is the study of the relationships between the 
various factors that determine the frequency and distribution of diseases in 
animal populations. The ultimate goal of the epidemiologist is to prevent and 
control diseases through application of knowledge gained from studies of 
variables that influence disease frequency and distribution. Epidemiology, 
therefore, is the basic discipline for a rational approach to the prevention and 
control of disease. In this chapter, epidemiological methods used to develop 
and evaluate disease control programs will be discussed. 

The need for disease control 

One of the most serious problems facing scientists today is provIsion of 
adequate supplies of food to an ever-increasing human population. The role of 
animals in production of that food has been stressed by many authors (Byerly, 
1966,1977; Hodgson, 1971; Hodgson, 1976; Schwabe and Ruppanner, 1972; 
Pimentel et al., 1975; Wedin et a/., 1975). In all parts of the world, disease is 
an important constraint to increased production of animal food for human 
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consumption. Efforts to increase the world production of animal protein, 
therefore, must involve improvement in the productivity of livestock through 
intensified research activity in disease control as well as in nutrition and 
genetics. In the absence of effective disease control, an expanded population 
of unproductive animals is created which cannot fulfill its genetic potential in 
the utilization of feed for growth and reproduction. 

Epidemic disease control is the highest priority requirement for the veteri
nary services of the economically developing world. The major epidemic 
diseases of cattle include contagious bovine pleuropneumonia, East Coast 
fever, foot-and-mouth disease, rinderpest, and trypanosomiasis. Today, they 
exert their most devastating effects primarily in the tropical areas of Africa, 
Asia and Latin America. These diseases limit, and in some instances even 
preclude, the development of viable animal industries wherever they occur. 
For example, development of the large cattle industry in the southern United 
States was possible only after successful control of babesiosis. Another hemo
protozoan disease, trypanosomiasis, renders approximately 10 million square 
kilometers of Africa, capable of supporting some 125 million cattle, unsuitable 
for livestock production. 

The epidemiology of many of the epidemic diseases is relatively straightfor
ward. In most instances, the etiological agents are single or a few related 
species of pathogenic organisms which are fairly stable genetically and which 
have a narrow host-range. In addition, diagnostic tests which can be applied 
to screen affected animal populations, are available for the majority of these 
infections. Most epidemic diseases, therefore, lend themselves to proven 
methods of control which involve identification and treatment of cases and 
carriers, removal of reservoirs of infection, quarantine and sanitary measures, 
and mass immunization programs. Nevertheless, some of these disease have 
not been controlled successfully in developing countries because of inade
quate veterinary services, political instability, lack of support of the local 
population, and insufficient financial and technological assistance. 

Adequate methods of control do not exist at present for some epidemic 
diseases whose epidemiology is both more complex and poorly understood. 
Examples include East Coast fever and trypanosomiasis, both of which cause 
great losses to bovine productivity in tropical Africa. 

The worldwide trend towards urbanization of human popUlations has led to 
the acceptance of animal management systems that handle large numbers of 
animals with the minimum of labor. This trend, together with the successful 
control of many epidemic diseases, have made possible the development of 
intensive systems of animal husbandry that utilize genetically improved 
breeds capable of high levels of production. Profit margins in these operations 
tend to be so narrow that subclinical endemic infections, such as mastitis and 
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gastrointestinal parasitism, assume major significance. Disease control is of 
paramount importance in these intensive systems if animal production is to 
be maintained at profitable levels. However, rational control measures can be 
developed only from a clear understanding of the underlying disease pro
cesses. Many endemic diseases are epidemiologically complex, with mUltiple 
factors influencing the prevalence and incidence of infection in a given herd. 
Moreover, the epidemiological pattern of a disease can vary markedly between 
regions or even between farms. Consequently, the unit of concern for epidem
iological study must be the whole farm or population of animals rather than 
the individual animal. 

Some economically developing nations have the potential to expand their 
cattle industries through export of animals and animal products. However, all 
too often this potential is not realized due to disease. For example, the United 
States and the countries of the European Economic Community have directed 
that domestic ruminants and swine cannot be imported from any country in 
which foot-and-mouth disease or rinderpest exists. The latter countries addi
tionally prohibit the importation of meat from animals showing evidence of 
tuberculosis or cysticercosis. It is evident, therefore, that disease is also a 
serious constraint to the expansion of international trade in animals and 
animal products. 

Multiple causality of disease 

Epidemiology is concerned primarily with the relationships between: (1) pop
ulations of animal hosts; (2) potentially harmful agents which they or the 
environment may harbor; (3) the environment in which the hosts and agents 
occur and interact; and (4) time. The visible products of these relationships 
are health and disease. Many variables directly or indirectly influence the 
frequency of occurrence and the distribution of any given disease. Such 
variables are known as determinants of disease, and they include host char
acteristics, specific agents and their properties, and environmental factors. 
These disease determinants, together with some of their important interrela
tionships such as modes of transmission of infectious agents, will determine 
the patterns of diseases in animal populations. Since they must be considered 
in any epidemiological approach to control of disease, the more common host, 
agent and environmental determinants of disease will be outlined. 

The occurrence of many diseases is strongly associated with particular host 
variables. These variables influence an animal's susceptibility or resistance to 
disease. They can be divided into two groups, the intrinsic host determinants 
concerned with the nature of the animal itself and the extrinsic host determi-
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nants imposed upon the animal by the environment. Intrinsic host determi
nants include species, breed, sex, age, genetic characteristics (e.g., hereditary 
defects), immunological state, and physiological state (e.g., pregnant or lactat
ing). Extrinsic host determinants include level of nutrition, composition of 
diet, functional use of animal (analog of occupation for man), and animal 
husbandry practices such as the maintenance of open or closed herds and the 
presence or absence of separation of susceptible from infected animals. 

Many of the events that specific agents trigger in animal hosts, such as.. the 
development of pathological lesions and clinical signs, are primarily under 
host control. Nevertheless, several properties of living agents, including infec
tivity, pathogenicity, antigenicity, immunogenicity, and antigenic variability, 
also influence the pattern of diseases in animal populations. Antigenic varia
bility is of particular importance in epidemiology, and is seen in the evolution 
of serotypes (e.g., in Salmonella and Leptospira bacteria), in antigenic drift and 
antigenic shift (e.g., minor and major changes, respectively, in influenza 
viruses), and in antigenic variation. The ability of several species of African 
trypanosomes to undergo antigenic variation is of profound significance in the 
epidemiology of bovine trypanosomiasis because it allows the parasites to 
evade the immune response of the host (Cross, 1978), permitting maintenance 
of debilitating chronic infections. Properties of agents not directly associated 
with their animal hosts are also important determinants of disease. Examples 
include the development of resistant free-living forms, such as the spores of 
anthrax bacilli, the oocysts of coccidia, and the eggs of nematodes and 
cestodes, that can withstand environmental stresses. 

There are numerous environmental determinants of disease that impinge 
upon both host and agent. Physical determinants include climate and soil. 
Various climatic factors will influence host and vector populations and will 
affect the free-living stages of infectious agents. Neutral and alkaline soils, for 
example, will favor propagation of anthrax bacilli, whereas soil porosity can 
affect the distribution of nematode and cestode eggs. Other environmental 
determinants relate to plants and animals. Of particular importance are ani
mals that serve as reservoirs or vectors of infectious agents. Also, human 
variables relating to cultural practices and socioeconomic status often can 
have pronounced effects on disease patterns. 

Modes of disease transmission 

The modes of transmission of infectious agents will influence disease behav
ior in animal populations and, therefore, must be taken into consideration in 
any rational approach to the control of infectious diseases. Two schemes exist 
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for the classification of modes of transmission of infections; they are vertical 
versus horizontal transmission and direct versus indirect transmission. Both 
are important epidemiologically. 

Vertical transmission of an agent occur from an individual to its offspring, 
such as infection of fetuses in utero, of neonates via colostrum, or of vectors 
transovarially. Horizontal transmission, on the other hand, occurs from an 
infected individual to a susceptible contemporary. 

Direct transmission of infectious agents requires close proximity of infected 
and susceptible animals. It can occur either by physical contact, as in bite
transmitted rabies and venereal diseases, or via airborne droplets, as in infec
tious bovine rhinotracheitis. Airborne droplets are large infectious particles 
that are propelled only short distances to the mucous membranes of other 
animals, such as during coughing or sneezing. 

Indirect transmission by vectors, vehicles or droplet nuclei can occur over 
considerable distances. Vectors are invertebrates which transmit infectious 
agents from infected to susceptible animals (e.g., ticks are the vectors of 
Babesia species). On the other hand, vehicles are inanimate substances by 
which or upon which infectious agents pass from infected to susceptible 
animals. Vehicles, therefore, act as important sources of infection and they 
include food, water, milk, dust, fomites such as blankets or instruments, and 
biologics such as serum, blood or plasma. Specific examples are the transmis
sion of Leptospira species in water and of bovine leukemia virus on contam
inated needles. Droplet nuclei are solid residues of evaporated droplets that 
are formed when expiratory droplets from infected hosts evaporate quickly in 
unsaturated atmospheres; these small particles remain suspended in the air as 
a cloud of droplet nuclei that can travel considerable distances in wind. 
Foot-and-mouth disease virus and Mycobacterium bovis can be transmitted in 
this manner. 

The mode of transmission of infectious agents will influence the dynamics 
of particular disease events in a population. Diseases spread by physical 
contact exhibit a sporadic pattern of spread except when there is a common 
source of infection for a group of animals. Airborne spread, either in droplets 
or droplet nuclei, is usually rapid with well-defined outbreaks occurring if a 
sufficient population of susceptible animals is available. Vector-borne diseases 
commonly show a gradual build-up of cases over a period of time. Diseases 
transmitted by vehicles show two basic patterns of spread: those acquired 
through ingestion of contaminated water or food exhibit an explosive pattern 
(i.e., a point epidemic) reflecting simultaneous exposure to a common source 
of infection, whereas the pattern of spread tends to be sporadic when dust or 
fomites are the vehicle. 
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Analytical methods in epidemiology 

Since diseases in populations do have multiple determinants, measures for 
their control must be based on an understanding of the relative importance of 
those determinants. Development of the computer has added an invaluable 
dimension to the epidemiological study of many animal diseases. With this 
technology, powerful analytical methods such as mUltiple regression, least 
square analysis of variance, discriminant analysis, and factor analysis have 
been applied to epidemiological data to investigate the relationships between 
the numerous variables that influence the patterns of many diseases. The 
value of these statistical procedures in epidemiological research has been 
demonstrated in studies of bovine brucellosis (Kellar et al., 1976), bovine 
leukemia virus infection (Burridge et al., 1979), dairy calf mortality (Martin et 
al., 1975a, b, c), and calf diarrhea (Franti et al., 1974). However, these proce
dures have the important limitation that they do not interpret causal relation
ships. In contrast, another analytical method, path analysis, does approach the 
problem of causal interpretation through application of multiple regression 
procedures to a linear model which represents the causal processes assumed 
to operate among the variables in nature. A recent study has indicated that 
path analysis, by permitting interaction between epidemiological theory and 
statistical analysis, is a valuable additional tool to epidemiologists (Burridge et 
al., 1977). Path analysis is particularly useful in the identification of important 
causal pathways in complex biological systems. 

Mathematical modelling is finding increasing utility in epidemiology. A 
major objective of epidemiological modelling is to provide insight into the 
biomedical mechanisms underlying dynamic disease processes. The disease 
problem under study is reduced to its essential elements and, using existing 
data from the field and laboratory, a model is constructed. To be of practical 
value, the model should behave in a biologically and mathematically reason
able way, must be sensitive to important factors and insensitive to unimpor
tant factors, and should mimic real-life situations (Schwabe et al., 1977). The 
model can be used to study mathematically the relationships among its 
components, thus identifying the major determinants of the disease prob
lem. 

The likely outcomes of various control strategies can be investigated using 
models that simulate disease systems. For example, it may be possible to 
attach probabilities to the occurrence of each event in the model so that the 
sequence of events that are thought to operate in nature are reflected in 
numerical terms. From such a model, it is possible to predict infection 
prevalence trends or likely control measures such as obligatory vaccination or 
elimination of infected animals by compulsory slaughter. A major advantage 
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of simulation studies is that the parameters can be altered at any stage in the 
model, helping the investigator to arrive at some optimal decision regarding 
control of the disease. An example is a model of bovine brucellosis, designed 
partially to explore responses to novel control procedures (Hugh-Jones et af., 
1975). Path analysis, as introduced above, also provides a method whereby 
the consequences of realistic manipulation of variables in a linear causal 
model can be visualized in numerical terms, forming a rational basis for 
designing a disease control program. It must be emphasized, however, that 
conclusions made from these models are only as good as the quality of 
assumptions and data on which they are based. 

Economic aspects of disease control 

The results of epidemiological studies often indicate that a number of control 
strategies are available for a given disease problem. In these situations eco
nomic analysis is required to help determine the optimal control strategy. The 
economic principles involved in such an analysis have been outlined (Morris, 
1969). It is necessary to demonstrate that in any anticipated disease control 
program the effects of control measures will result in increased profits to 
producers. This is essential if the farming community is to be persuaded to 
cooperate and invest in disease control activities. At the national level, the 
funding agencies increasingly are demanding benefit-cost analyses to justify 
their approval of disease control programs. These analyses involve not only 
comparison of the potential benefits of control against no action, but also 
evaluation of alternative control strategies. Such estimates require a clear 
understanding of the epidemiology and economic impact of the disease under 
consideration. 

The economic impact of animal diseases is experienced not only by the 
producer but also by the community. The total economic impact consists of 
the actual losses plus the costs of control, prevention and eradication mea
sures. Economic losses can be classified into direct and consequential losses. 
Direct losses are those suffered by producers and they result from the direct 
physical effects of disease. They may be subdivided into visible losses (e.g., 
mortality, abortion, condemnation at meat inspection, damaged hides), invisi
ble losses (e.g., impaired productivity, infertility), and immediate conse
quences (e.g., loss of production following death of animals, herd replacement 
costs). Consequential losses are those suffered by the community as a result of 
animal diseases. They may be subdivided into visible consequences (e.g., 
effects of zoonotic diseases on human health) and invisible consequences 
(e.g., loss of foreign markets). The direct losses from animal diseases are well 
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appreciated and their monetary value is relatively easy to assess. Consequen
tial losses are often more difficult to estimate, can by very high, and frequent
ly are the most costly effect of a disease. For example, the total compensation 
paid for slaughter of infected animals and contacts during the 1952 foot
and-mouth disease epidemic in Canada was $ 1 million, whereas the resultant 
closure of foreign markets to Canadian products was responsible for conse
quential losses of $ 724 million (Wells, 1970). The indirect consequences of 
animal disease can have even farther-reaching effects. The prime example is 
African trypanosomiasis which prevents development of livestock production 
in the 10 million square kilometers of Africa infested by the tsetse fly 
vectors. 

Determination of the optimal control program for a given disease will 
involve analysis of both the costs and benefits of each control strategy. 
Benefits are much harder to estimate than costs. They are of two types, 
financial and social, and both must be taken into account if the full impact of 
a control program is to be measured. Financial benefits will include costs that 
can be avoided, such as costs of treatment and prophylaxis, as well as 
increased profits accruing from reduced production losses. Social, or nonfinan
cial, benefits are difficult to estimate in monetary terms. They will include 
lack of suffering, prestige of freedom from disease, avoidance of inconve
niences such as treatment of sick animals that disrupt management routines, 
and increased human productivity in the case of zoonotic infections. 

Many disease control programs are of long duration, especially when the 
disease is endemic. If such programs are to be successful, both public and 
private sectors must recognize favorable benefit-cost ratios. Generally speak
ing, private benefits, such as those of producers, must be seen to exceed 
private costs within a fairly short period of time if farmers are to continue to 
support the program. In contrast, the community as a whole usually will 
accept a longer time-lag before benefits exceed costs. The allocation of costs 
to private and public sectors, therefore, must be carefully balanced to reflect 
these considerations. 

There are few published reports on the benefit-cost evaluation of alternative 
control policies for animal diseases. One of the few studies published consid
ered the control of foot-and-mouth disease in the United Kingdom following 
the 1967-68 epidemic which cost that country $ 22 million in direct eradica
tion costs and $ III million in consequential losses (Power and Harris, 1973). 
The traditional slaughter policy (eradication program) was compared with a 
proposed vaccination policy (control program). Although it was shown that 
both policies would yield very large net benefits, the eradication program was 
found to be less costly to the community and, therefore, was the approach of 
choice for foot-and-mouth disease in the United Kingdom. Another British 
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study assessed the bovine brucellosis eradication program in England and 
Wales (Hugh-Jones et al., 1975). It found sufficient justification for brucello
sis eradication with benefits only limited to removal of direct losses and 
routine costs. Inclusion of social benefits markedly increased the benefit-cost 
ratio of the program. 

Methods of disease control 

The control of infectious diseases implies reduction in the number of cases or 
in the opportunities for transmission to levels where infections no longer exist 
as major health or economic problems and, ultimately, to levels of little or no 
consequence. An obvious disadvantage of control over eradication as a goal is 
that a continuing and essentially undiminished effort is required. However, in 
many instances control is the only scientifically realistic or economically 
feasible goal. In others, control may be the forerunner to an eventual disease 
eradication program. 

The approach to control of a specific disease is dependent upon an under
standing of its epidemiology. Some non-infectious diseases may be brought 
under control relatively simply by identifying and attempting to eliminate 
their causes. For example, the prevalence of epidemic bovine hyperkeratosis 
in the United States was reduced virtually to nil when the toxic lubricating oil 
additives which caused it were discovered and removed from farm markets. 
The control of infectious diseases is usually more difficult. Factors that 
complicate their control include (1) wide host ranges for the etiological agent, 
especially when many species act as reservoirs or as vectors; (2) the involve
ment of highly mobile hosts such as birds or bats in transmission and 
perpetuation of infection; and (3) well-established cultural practices that favor 
transmission. 

Methods used in disease control include the following: 

(a) Quarantine - Sick animals are physically separated from healthy ones, 
and restraints are placed on the movements of infected and exposed animals 
as well as on items that may have been contaminated. 

(b) Selective slaughter - Infected animals are detected through mass sur
veys, are removed from the population, and are subjected to premature 
slaughter. This method is dependent upon the availability of a simple testing 
technique for mass diagnosis. Principal disadvantages are the high initial costs 
of operation and compensation for animals sent to slaughter, and the difficul
ties commonly experienced in "selling" this approach to livestock owners. 
Selective slaughter is flot feasible when prevalence of infection is very high, 
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when replacement animals are not available, or when it would be otherwise 
disruptive to the local economy. When only high prevalence of infection is a 
limiting factor, mass immunization or mass treatment can be used to reduce 
prevalence to a level whereby selective slaughter can be introduced as a 
control measure. 

(c) Mass immunization -Its advantages as a method of disease control 
include its long-lasting effects and the ability of immunized animals to move 
about freely. However, mass immunization does have its disadvantages, par
ticularly due to the imperfect protection afforded by many vaccines (e.g., 
leptospiral bacterins) and the public health dangers of others (e.g., Strain 19 
Brucella abortus vaccine). 

Cd) Mass treatment - It can be carried out as a blanket control measure 
either in emergency situations, as with a sudden rise in disease incidence, or 
when disease prevalence is very high. This method is dependent upon the 
availability of safe and cheap therapeutic agents, and finds use in the control 
of gastrointestinal parasitism. 

(e) Vector control- Insecticides and acaricides have played an invaluable 
role in the control of diseases transmitted by invertebrate vectors. However, 
the development by arthropods of resistance to an ever-increasing number of 
these chemicals has posed a major problem for effective vector control. 
Recent work has indicated that some cattle can acquire resistance to ticks and 
that this resistance is inherited to a degree whereby selective breeding could 
become a useful means of tick control CHewetson, 1972). 

Cf) Reservoir control- It is only applicable when a population of expendable 
animals acts as a reservoir of infection. Poison baiting, trapping and shooting 
are among the most commonly employed techniques for control of reservoir 
hosts. The first two methods, however, have potential dangers for children, 
pets and other animals. 

(g) Genetic measures - Where genetic factors are major determinants of a 
disease, control is aimed at reducing the defective gene pool by selective 
neutering or selective breeding. 

(h) Environmental measures - They include disinfection, heating, freezing, 
vegetation clearance, and improvements in housing. Bush clearance, for 
example, has been employed as a measure to control the tsetse fly vector of 
African trypanosomiasis. 

(i) Education - This is essential to the success of disease control programs, 
especially where human cultural practices have to be overcome or modified. 
Education must precede the beginning of a disease control program based on 
selective slaughter. The educational program should be aimed at gaining the 
confidence of livestock owners by demonstration of the importance for con
trol of the disease and of the necessity for using the selective slaughter 
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approach. In addition, educational campaigns should be designed to motivate 
the public to do something positive about controlling disease. 

Epidemiological studies will indicate which of these methods are applicable 
for the control of a particular disease. Furthermore, they will lead to the 
development of a number of alternative control strategies. Socioeconomic 
analyses must then be carried out on each control strategy to demonstrate the 
advantages and disadvantages of each. From these analyses a decision will be 
made to select the approach that offers the greatest social and economic 
benefits at an acceptable cost level. 
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PART II 

INFECTIOUS DISEASES 



6. BOVINE PAPULAR STOMATITIS 

Robert A. Crandell 

Abstract. Bovine papular stomatitis (BPS) is a mild disease affecting primarily the oral 
mucosa of cattle. The disease is caused by a virus belonging to the poxvirus group. 
Cattle are the natural host and man acquires the infection by handling infected cattle. 
Calves probably become infected early in life and some remain as carriers. The disease 
is worldwide in distribution. Although primary infections of BPS are of minor eco
nomic significance, they are of considerable importance in the differential diagnosis of 
all diseases affecting the oral cavity of cattle. The lesions range from hyperplasia to 
erosions and ulcerations. Lesions of different stages of development and regression are 
found in the same animal. Intracytoplasmic inclusion bodies are a characteristic feature 
of the histopathology. In the uncomplicated disease, the lesion regresses without treat
ment. Recrudescence occurs when the animal is stressed. Virus isolation, electronmi
croscopy and histopathology are helpful laboratory procedures in obtaining a diagno
sis. 

Synonyms: stomatitis papulosa, stomatitis papulosa bovis specifica. 

Introduction 

Bovine papular stomatitis (BPS), a mild disease caused by a poxvirus, affects 
principally the oral and perioral mucocutaneous tissues of cattle. The disease 
is generally considered to be of little economic importance. However, it is 
important in the differential diagnosis of any bovine disease affecting the oral 
cavity. 

During the last two decades of the 19th century, several accounts of 
stomatitis in cattle were reported from Belgium and Germany. In Germany, 
Ostertag and Bugge (1906) described a stomatitis of cattle which they repro
duced experimentally and suggested that the etiologic agent was a virus. The 
name stomatitis papulosa bovis specifica was proposed for the disease. 

Additional cases were reported from Germany, and Shaaf et af. (1940) 
described the occurrence of cytoplasmic inclusion bodies in stained tissue 
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sections. The agent was later shown by electron microscopy to be a member 
of the poxvirus group (Reczko, 1957). Plow right and Ferris (1959a) first 
reported the cultivation of the virus in cell cultures. 

Etiology 

The bovine papular stomatItIs virus belongs to the family Poxviridae and 
genus parapoxvirus. In ultrathin tissue sections from cattle infected with BPS 
virus, Reczko (1957) described round, incomplete virus particles (207 nm in 
diameter) and more developed particles (215 nm x 105 nm), Negative stained 
cell culture propagated virus particles are oval to cylindrical in shape. The 
mature virion measures 260 nm x 140 nm and has a crisscross surface pattern 
of tubular fibrils (Fig. 1). 

The virus contains DNA, is heat resistant (50°C for 30 min) and is sensi
tive to ether and chloroform. Neither hemagglutination nor hemadsorption 
have been demonstrated using erythrocytes from cattle, sheep, guinea pig, 
chicken or pig (Liebermann and Urbaneck, 1966). 

The common laboratory animals and embryonating eggs are not susceptible 
to infection. Strains of the virus have been isolated in cell cultures of bovine 
or sheep testicles, bovine embryonic kidney, monkey kidney or primary 
human amnion cells. 

Fig. I. Bovine papular stomatitis virus particle propagated in primary bovine embryonic cell 
cultures. Phosphotungstate negative stain. Bar = 100 nm. 
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I 

Fig. 2. Intracytoplasmic inclusion bodies (arrows) in primary bovine embryonic kidney cell culture 
infected with bovine papular stomatitis virus (courtesy of the American Association of Veterinary 
Laboratory Diagnosticians). H & E stain x 400 

There is no evidence to suggest that more than one serotype exists. Antig
enic similarities between isolates were demonstrated in calves by cross
protection tests (Plowright and Ferris, 1959b). The serologic relationship of 
BPS to other members of the poxvirus group has received little attention. 

The initial cytopathic change observed in infected cell cultures is a clump
ing or piling of the cells. As cell degeneration progresses, the cytoplasm 
becomes granular and the cells are released from the vessel surface leaving 
spaces or holes in the monolayer. The characteristic feature of the cytopatho
logy in stained cultures is the presence of cytoplasmic inclusion bodies (Plo
wright and Ferris, 1959a; Lieberman and Urbaneck, 1966) (Fig. 2). Two types 
of inclusion bodies are described: (1) Type A which is small, eosinophilic and 
highly refractile, and (2) Type B which is large, basophilic and crescent or 
horseshoe shaped. Virus particles have not been demonstrated in Type A 
inclusions, but Type B inclusions contain may virus particles of various 
developmental stages and appear to be the site of viral maturation (Okada and 
Fujumoto, 1975). 

Distribution 

Bovine papular stomatitis has been known for many years and has worldwide 
distribution. The disease has been described in Belgium, Germany, Poland, 
Holland, Great Britain, Switzerland, Italy, East Africa, Asia, Japan, Australia, 
New Zealand, United States, Canada and Mexico. 
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The disease has been reported to be enzootic in Germany. Pallaske (1955) 
studied a number of cases of the disease in cattle in Central Germany. The 
infections involved the mucous membranes of the gums, tongue and lip and 
occasionally the epithelium of the esophagus and rumen. 

The disease was diagnosed in cattle with severe cutaneous streptothricosis 
and proliferative stomatitis in the Plateau Province, N. Nigeria, by histological 
examination of tissues collected in 1954-55. Lesions identical to those describ
ed for BPS were frequently observed among many hundreds of 2- to 3-
year-old research cattle in Kenya. Between April and July in 1958, two 
outbreaks of the disease occurred in calves. The virus was isolated in cell 
culture from lesions collected from a 2-year-old ox and a young calf (Plo
wright and Ferris, 1959a). 

The disease is widespread in the United States. It has been reported in 
cattle from at least 13 states. Although BPS was first recognized as a disease 
entity in cattle in the North Central region of the United States (Griesemer 
and Cole, 1960), the disease appears to be more prevalent in the southern 
states. In recent years, the disease has been observed predominantly in feedlot 
cattle. It is now believed that the condition called "proliferative stomatitis" 
was due to the virus of BPS. Proliferative stomatitis was seen in bovine cases 
of hyperkeratosis (X disease) and occurred in widely scattered areas of the 
United States during the 1940s and early 1950s. Oral lesions similar to those 
found in BPS were observed in bovine cases of chlorinated naphthalene 
poisoning (Olson and Palionis, 1953). Humans associated with the bovine 
disease became infected, thus supporting the belief that proliferative stomati
tis was due to the virus now known as BPS. 

The incidence of BPS was determined in 10 groups of cattle located in the 
Central District of Victoria in Australia (Snowdon and French, 1961). The 
incidence in three groups of Hereford cattle 3 to 16 months old was found to 
range from 88% to 100% by repeated examinations of the mouth for lesions. 
In seven other groups composed of dairy beef and mixed breeds of younger 
cattle, the incidence of infection was found to range from 10% to 91 % in one 
examination. These variations in the level of infection within the groups were 
not related to any specific season of the year. There were no predisposing 
factors identified with the appearance of the disease. 

The disease was first described in a 4-month-old Jersey calf in the Mana
watu District of New Zealand in 1966. Although BPS had not previously been 
recorded in New Zealand, erosive lesions in the oral cavity of calves are quite 
common (Jolly and Daniel, 1966). 

Oral and muzzle lesions similar to those described for BPS by Ostertag and 
Bugge (1906) were found in 28 of 304 calves examined on 15 farms in Dorset, 
Great Britain (Nagington et al., 1967). Because of incidence, the disease was 
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considered to be common in Dorset. Similar lesions were observed in cattle in 
Scotland, and the viruses isolated were believed to be the same as BPS. 
Pseudocowpox has been reported to be endemic in the United Kingdom, and 
occasionally pseudocowpox and BPS will occur in the same calf. 

The disease was first recognized in the northern part of Japan during the 
summers of 1969 and 1970 (Kumagai ef al., 1976). The infection occurred in 
a pasture in Aomori Prefecture where 82, 3-year-old beef cattle and 52, 
5-month-old calves were grazing. Six of 12 adult cows and all of the 12 calves 
examined had lesions. Lesions were observed in animals on two of 15 neigh
boring pastures. The disease was reported in cattle on a total of nine pastures 
from July to September 1970. When observed monthly between May and 
July, 75 % of the 354 animals had oral lesions. By the end of November the 
morbidity had reached 96 % in the calves over 12 months of age. The 
outbreaks during each year began between 1 and 2 months after the cattle 
were turned out to pasture. 

Studies on the occurrence of BPS in Switzerland showed that about 3 % of 
the calves in the canton of Berne are clinically infected (Dunant ef a/. , 1975). 
In an abattoir survey 25 (2.25%) of 1112 calves had lesions which were 
shown by electron microscopy to contain poxvirus. The percentage of dis
eased calves on breeding farms was found to be 2.1 % with the infection on 
two of the 20 farms visited. In contrast, the disease was present on seven of 
nine fattening farms with some having an infection rate of 16.5%. In 1972, 
11.5 % of the calves entering the large animal clinic in Berne were visibly 
infected. 

In 1974 the disease appeared in Italy 19-20 days after the importation of 
cattle from Canada (Loda et al., 1974). The cattle recovered without secon
dary complications in 10 to 15 days and virus transmission to animals held 10 
to 15 m from the infected animals did not occur. 

The disease was first recognized in 2- to 8-month-old calves located in 
Ajuchitlan, Queretaro, Mexico in 1977. Lesions were present in 31 (25.8%) of 
120 calves examined. Virus was isolated in cell culture and was identified as 
BPS by neutralization with specific antiserum. 

Epidemiology 

Cattle are the natural host and man is an accidental host of BPS. Human 
infections are acquired by handling infected cattle. The hands and arms are 
the most common site of infection in man. The virus is transmitted in cattle 
saliva to man by direct contact. The virus enters the broken skin and papules 
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develop at the site of contact within 7 days. In man, the lesions normally 
regress within 3 to 4 weeks without treatment. 

The disease is observed more often in younger animals, but cattle of all 
ages are susceptible. There are no known differences in the susceptibility of 
breeds and sexes. 

The BPS virus is transmitted from animal to animal by direct contact. The 
nasal secretions, saliva and lesions from infected cattle are sources of virus. 
Although the exact mechanism of transmission is not clear, it is believed that 
young calves contact the virus early in life from their dams. The disease has 
been diagnosed in a calf from a dam that had characteristic lesions of BPS 
and unusual teat lesions. Since the virus is relatively stable, virus contami
nated object,S in the environment are potential sources of infection. 

The disease usually has a high morbidity rate, and in uncomplicated infec
tions the mortality rate is low. Close examinations of herds have revealed 
clinical infections in 100% of the animals. The disease is endemic throughout 
the year; however, management practices and mixed infections are believed to 
influence its recognition (Crandell, 1978). Pallaske (1955) suggested that BPS 
virus may remain in the host as a latent infection and when the animal's 
resistance is lowered, lesions will reappear. In the United States the recent 
outbreaks of severe clinical disease are usually associated with unfavorable 
environmental factors and infectious or toxic agents. 

The stress of transport and moving of cattle appear to be predisposing 
factors to clinical disease. The disease was first recognized in cattle in Japan 1 
to 2 months after release to pasture (Kamagai et al., 1976). BPS occurred in 
cattle 19-20 days after importation to Italy from Canada by air transport (Loda 
et al., 1974). In contrast, in Australia where the natural disease was studied 
over a 3-year period, variations in incidence differed in 3 groups of animals 
with relationship to time of year and without obvious predisposing factors 
(Snowdon and French, 1961). 

There is no evidence that insects or rodents playa role in the epidemiology 
of this disease. 

Clinical signs 

In the uncomplicated infection, the clinical disease may be so mild that oral 
lesions may go unnoticed unless the animals are examined closely; however, 
diarrhea, salivation and a slight fever have been reported in primary infections 
of BPS. Lesions in various stages may be observed on the muzzle, nostrils, 
lips, oral papillae, gums, hard and soft palate, ventral and lateral surfaces of 
the tongue and epiglottis. Clinically ill animals with BPS lesions have usually 
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been stressed or exposed to some chemical toxicosis or other infectious 
agents. The disease has been associated with such conditions as parasitism, 
"rat tail" syndrome, infectious bovine rhinotracheitis, pasteurellosis, bovine 
hyperkeratosis (chlorinated naphthalene poisoning), cutaneous streptothricosis 
and rinderpest. 

The incubation period varies in experimentally infected calves. Lesions 
occur as early as 2 days and as late as 2 weeks after inoculation of virus in 
the submucosa of the dental pad or gums. A lesion usually appears at the site 
of inoculation and occasionally will occur at another site. Secondary lesions 
may occur over a period of several months. In natural infections, the reoccur
rence of lesions is common, and the duration of lesions in individual animals 
is variable. Although individual lesions may regress within 2 weeks in some 
animals, secondary lesions have persisted in different areas of the mouth for 
as long as 227 days (Snowdon and French, 1961). 

Pathology 

Lesions similar to those found in the oral cavity are often observed in the 
epithelial surface of the esophagus, omasum, rumen and reticulum at necrop
sy (Griesemer and Cole, 1961). The lesions occur as single or mUltiple defects 
and in various stages of development or regression. Some differences exist in 
the morphology of lesions according to their location. 

The first sign of infection on the muzzle is the appearance of red raised foci 
which soon become circular, depressed and later appear as brown scabs. 
Erosion followed by healing occurs at the center of the lesion and extends 
peripherally, creating circular, reddish to brown rings. A typical lesion on the 
lip and tongue appears first as a hyperemic focus which develops rapidly into 
a circular or oblong papule. The surface of lesions occurring on the lip is 
smooth and glistens, giving the appearance of a vesicle, but they do not 
contain fluid. Lesions on the tongue are duller and gray in color. The centers 
become necrotic and erode, leaving a depression. In severe cases, lesions are 
numerous and coalesce, resulting in massive proliferative areas covered with a 
yellow necrotic material. 

The lesions on the floor of the mouth and cheeks are usually observed as 
pinkish eroded oval areas that heal rapidly. When involved, the buccal papil
lae are blunt and covered with a brownish scale. Lesions on the dental pad 
are common, where they become irregular in size and shape and have a 
roughened surface (Fig. 3). The erosions on the dental pad and gums become 
brown in color before healing and may easily be confused with lesions caused 
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Fig. 3. Erosions on the mucosa of dental pad of calf experimentally infected with bovine papular 
stomatitis virus. 

by other agents. In dark pigmented areas the lesions are more difficult to 
detect. 

The lesions on the soft palate are circular, umbilicated with necrotic centers 
and an elevated gray periphery (Fig. 4). These are surrounded by reddish-gray 
to purple concentric rings. The lesions on the hard palate are more irregular in 
shape and tend to follow the structure of the palatine ridges. MUltiple irreg
ularly shaped erosions varying in size may be found in the esophagus. 

Fig. 4. Typical circular lesions of bovine papular stomatitis on the palate of a naturally infected 
feeder calf. 
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Fig. 5. Lesion in the epithelium of the esophagus of feeder calf with naturally occurring bovine 
papular stomatitis. Notice ballooning degeneration of epithelial cells and increased vascularity. 
H & E stain x 100 

Fig. 6. Higher magnification of Fig. 5 demonstrating intracytoplasmic inclusion bodies (arrows). 
H & E stain x600 
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Histologically, the epithelium may be markedly thickened with the superfi
cial layers frequently eroded. In the eroded areas the epithelial surface may 
contain sequestered neutrophils and bacteria. Ballooning degeneration of the 
epithelial cells is a characteristic feature (Fig. 5). The cytoplasm of these cells 
are clear and the nuclei are often shrunken and misplaced. Within the 
cytoplasm numerous round, dense, acidophilic inclusion bodies of various 
sizes can be found (Fig. 6). In the more proliferative lesions, elongated rete 
pegs are formed, and there is an increased vascularity of the lamina propria. 
Ulcerated lesions may contain a heavy infiltration of polymorphonuclear 
cells. 

Immune response 

The immune response is reported to be of short duration. Although PI ow right 
and Ferris (l959b) demonstrated resistance in calves to reinfection between 24 
and 39 days post infection, they were unable to demonstrate significant levels 
of neutralizing antibodies. Recrudescence of the lesions is a common feature 
of latent infections and is associated with poor immunity. Snowdon and 
French (1961) reported recurrent disease of 15 %, 33 % and 53 % in three 
different groups of cattle examined periodically for a period of several 
years. 

Laboratory aids to diagnosis 

Since the lesions of BPS are often mistaken for those of other diseases 
affecting the oral cavity, the diagnosis should be confirmed by laboratory 
methods. Several infectious diseases which need to be considered in the 
differential diagnosis are: bovine virus diarrhea, malignant catarrah fever, 
foot-and-mouth disease, vesicular stomatitis, rinderpest and mycotic stomati
tis. 

Virus isolation, electron microscopy and histopathology are useful laborato
ry procedures for establishing a diagnosis. Although virus has been recovered 
from saliva and nasal secretions, the recommended specimens for laboratory 
examination are the lesions (scabs or scrapings) collected either by biopsy or 
at necropsy. 

Virus isolation is accomplished by the inoculation of primary cell cultures of 
bovine origin with suspensions of the lesions and the virus is identified by 
serum neutralization or by the fluorescent antibody tests. The application of 
electron microscopy by the phosphotungstate negative staining technique and 
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the examination of ultrathin sections is useful for the demonstration of virus 
particles in the lesions and infected cell cultures (Crandell and Conroy, 1974). 
The characteristic histologic feature of the lesion is the presence of intracyto
plasmic inclusion bodies. 

Prevention and control 

There are no specific preventive measures or treatments for BPS. Daily 
rinsing of the oral cavity with 2 % potassium permanganate has been used 
with reported recovery in 10 days. In uncomplicated cases, the lesions regress 
without therapy. In mixed infections, supportive therapy and treatment with 
antibiotics may be indicated. 

Since recrudescence occurs with stress, good management practices are 
recommended. These should include balanced rations, parasite control and 
disease prevention programs and protection against environmental stresses. 
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7. MALIGNANT CATARRHAL FEVER 

I.E. Selman 

Abstract. Malignant catarrhal fever (MeF) is an almost invariably fatal disease in 
cattle, characterized by fever, depression, profuse nasal and ocular discharge and 
encrustation, drooling of saliva, photophobia, keratitis, erosion and diphtheresis of oral 
membranes, generalized lymphodenopathy, skin lesions and, occasionally, cystitis and 
central nervous involvement. The pathological features, which affect all organs and 
tissues are necrotizing vasculitis, marked cellular infiltration and superficial necrosis of 
both epithelial and mucous surfaces. The pathogenesis of the disease is unknown but 
it has been suggested that it is a virus-associated Iymphoproliferative auto-reactive 
disease. 

In certain parts of east, central and southern Africa, the disease arises as the result 
of cattle acquiring infection from clinically-normal wildebeests. The causal agent in 
this situation is a cell-associated, polykaryon-forming herpesvirus (bovid helpesvirus 3). 
In other parts of Africa and elsewhere in the world, the etiology of MeF has not yet 
been established. The reservoir host is assumed to be the sheep but there is little 
definitive evidence to support this view. 

Diagnosis of MeF is usually based on its distinctive clinical and pathological 
features. On occasions (particularly with the wildebeest-derived infections) transmis
sion studies may help to confirm the presence of the disease. The use of virus
isolation techniques is limited to the latter form of MeF. There is no effective 
treatment for MeF and, at present, prevention depends upon avoidance of contact 
with known or suspected reservoir hosts. 

Etiology 

The etiological agent of wildebeest-derived malignant catarrhal fever (MCF) is 
a cell-associated, polykaryon-forming herpesvirus (bovid herpesvirus 3). For 
further details of this organism and its behavior in tissue cultures and on 
animal passage, the reader is referred to Plowright (1968). 

It is generally assumed that the agent responsible for the (presumed) sheep
derived form of MCF will prove to be a similar type of virus to the wilde
beest-derived MCF. So far, however, all efforts to confirm this have proved 
fruitless. Nevertheless, serial (i.e., cattle-to-cattle) transmission of this form of 
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the disease is possible using whole blood (Blood et at., 1961; Pierson et at., 
1974; Selman et at., 1974, 1978, and Liggitt et at., 1978) and density 
gradient-isolated mononuclear cells (Liggitt et at., 1978) from clinically
affected animals. 

Pathogenesis 

Since the causal agent of the wildebeest-associated form of MCF was first 
defined as a herpesvirus, a great deal of knowledge has accumulated regarding 
the characteristics of the virus and its behavior and final effects in susceptible 
animals and tissue culture (Plowright, 1968). Similar progress has not been 
made, however, towards understanding the fundamental pathogenic mecha
nisms which are involved in the disease process. In view of the prolonged 
incubation period and also the nature and widespread distribution of the 
histopathological changes which are consistently observed, it seems obvious 
that the disease does not arise simply as the result of viral infection alone. 
Indeed, these very considerations have prompted several groups of workers to 
suggest that the disease process might well be dependent upon an interplay of 
various immune reactions. In particular, the vascular lesions might represent 
a type-III (Arthus) reaction and the marked mononuclear accumulations may 
be a widespread cell-mediated hypersensitivity reaction. 

The most recent hypothesis (Liggitt et at., 1978) is based upon the belief 
that the histopathological features of MCF represent the final effects of a 
virus-associated, lymphoproliferative, autoreactive disease. The proponents 
claim the hypothesis is supported by the fact that lymphocytes from affected 
cattle can be infected by the virus. They also claim that certain characteristics 
of the virus in culture support their hypothesis, particularly its limited host 
cell range and its lack of cytolytic activity in tissue culture. Minor clinical and 
pathological changes, typical of MCF, have been detected during the" incu
bation period" (i.e., long before the unmistakable syndrome arises) and sup
port the concept of a progressively escalating immune reaction, starting 
almost from the time of infection. Also, graft vs host reactions in species 
other than cattle support the theory that MCF is an auto reactive disease. 

The basic concept of this hypothesis is that the virus of MCF infects a 
certain population of lymphocytes selectively. It is possible that the popula
tion in question normally exerts a suppressor effect on autoaggressive lym
phocytes. Alternatively, the virus might infect and activate the autoreactive 
lymphocytes themselves; furthermore, if this is true and clonal proliferation 
of activated autoaggressive lymphocytes takes place, the effects may be such 
that the animal dies of MCF long before the more usual signs of lymphoprol
iferative disease arises. 
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Distribution 

Malignant catarrhal fever has a worldwide distribution but is usually only a 
sporadic problem. On a few occasions, however, the disease has been encoun
tered in epidemic proportions in North America (Murray and Blood, 1961; 
Pierson et al., 1973; Liggitt et al., 1978) and in New Zealand (James et al., 
1975). It is generally accepted that high morbidity incidents are much more a 
frequent feature of the disease in east, central and southern Africa but even 
in these regions the disease is often low in prevalence; it may, nevertheless, 
assume considerable significance as a problem due to regular seasonal recur
rence. 

Epidemiology 

Irrespective of where it occurs, MCF in cattle is a very dramatic disease with 
highly consistent clinical and pathological features. At least two epidemiolog
ically-distinct forms exist in cattle and it is essential that the form of the 
disease under consideration is properly defined. Basically, the wildebeest
associated form of the disease has received the most attention (Plowright, 
1968). The causal organism was established as a herpesvirus almost 20 years 
ago and proved to be a relatively easy organism to work with in the labora
tory and in experimental animals; this has enabled several groups of workers 
to describe many of the epidemiological features of that particular infection. 
Extension of these studies has shown that certain other wild ruminant species 
in east, central and southern Africa may also harbor the virus; while it seems 
the wildebeest is the major source of infection for cattle in these regions, it is 
likely that problems may occasionally arise due to infection from an alterna
tive reservoir host. 

A disease identical to MCF also occurs in other parts of the world where 
the responsible agent is not yet known. Transmission studies often appear to 
be less consistent than the studies with the wildebeest-derived infection. As a 
result, less progress has been made towards the full understanding of the 
epidemiology of this form of the disease. For many years it has been claimed 
that sheep may act as an alternative reservoir host in the absence of wilde
beests and other wild ruminants. It has become acceptable to refer to the 
wildebeest-associated disease as "African MCF", but the presumed sheep
derived infection has also occurred in several different parts of Africa as well 
as elsewhere in the world (Piercy, 1954). Each form of the disease will be 
discussed in turn. 

In certain parts of east, central and southern Africa, cattle may acquire 
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infection from either the black or the blue wildebeest (Connochaetes gnu or C. 
taurinus). Although it is probable that the infection rate varies markedly 
between different wildebeest populations, relatively high infection rates occur 
in wildebeest calves under 3 months of age. Such animals become infected 
either congenitally or during early neonatal life due to contact with other 
infected calves. They develop a viremia which may persist for up to 3 
months, during which they are highly infective for cattle of all ages. 

The exact mode of transmission of MCF virus from wildebeest calves to 
cattle is not known. Close contact between infected and viremic wildebeest 
calves housed with cattle has regularly resulted in the development of the 
disease (Plowright, 1968). Malignant catarrhal fever virus may be found in the 
nasal secretions of infected wildebeests (Rweyemamu et al., 1974), and young 
domestic cattle have been experimentally infected by intranasal inoculation of 
cell-free virus or lymph node suspension of the virus (Plowright, 1968). This 
may account for the spread of the disease under artificial conditions involving 
mixed housing and close proximity, however, field observations indicate that 
domestic cattle become infected as the result of grazing areas recently vacated 
by newly-calved wildebeests or their calves. This may arise from infected 
placental membranes and uterine fluids contaminating herbage which is sub
sequently ingested. Another theory is that infection of grazing areas occurs 
when the wildebeest calves shed their birth-cloaks at around 3 to 4 months of 
age (Plowright, 1965). To date, neither hypothesis has been convincingly 
confirmed. It is definitely established, however, that direct cattle-to-cattle 
transmission does not occur under natural conditions, probably because of the 
lack of cell-free virus in cattle. On the other hand, the offspring of clinically 
normal adult cattle have survived experimental infection regardless of conge
nital infection. Thus, under certain circumstances, MCF virus seems capable 
of assuming latent infection, a common feature of other herpesvirus infec
tions. 

The above factors tend to make MCF (wildebeest-origin) a seasonal event 
which occurs soon after the wildebeest calving season (Plowright, 1965). Since 
in certain areas these animals are not only migratory but also calve while 
migrating, it is quite common for the disease to arise in cattle grazing in areas 
where wildebeest herds have passed. Under such conditions, the morbidity 
rate varies but may sometimes reach epidemic proportions. As already stated, 
almost all affected animals die. 

It is generally accepted that in other areas (even from time to time in east, 
central and southern Africa), MCF results when cattle are infected from 
subclinically-affected sheep. The evidence, while entirely circumstantial, is 
nevertheless convincing. Often the link between affected cattle and sheep 
involves either parturient ewes or young lambs. In several particularly severe 
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epidemics, it has been emphasized that lambing ewes and young lambs have 
been in proximity to intensively-managed cattle and that the lambs have been 
able to gain entry to hay barns and feed bunkers. Thus, it is tempting to 
suggest that distinct parallels exist between the wildebeest and the sheep 
vectors. Usually, the presumed sheep-associated incidence are of sporadic 
occurrence and involve only single animals or a few cattle over a period of 
weeks. As already stated, however, severe epidemics have sometimes been 
described (Piercy, 1954; Murray and Blood, 1961; Pierson et al., 1973). Most 
cases tend to occur at, or soon after, lambing time, but occasional incidents 
have been recorded in association with older (weaned) sheep. On a few 
occasions certain flocks of sheep have been recognized as being of particular 
danger to cattle (Piercy, 1954). 

Malignant catarrhal fever is also a disease of domestic buffaloes in which 
the clinical, pathological and epidemiological features are as described for 
cattle. In addition, there have been several well-documented incidents among 
other types of buffalo, bison, various species of deer, chamois and caribou, 
usually in zoological collections but occasionally under natural conditions. 
While the origin of these outbreaks has not been firmly established, it is 
impossible to ignore the possibility that the affected animals had grazed the 
same or adjacent paddocks to subclinically infected wildebeests or other 
broadly-similar captive ruminants. 

Clinical signs 

Traditionally, clinicians have subdivided MCF into several different syn
dromes, i.e., the peracute, "head-and-eye "), alimentary and mild (or inappar
ent) forms of the disease. However, the most recent and detailed clinical 
descriptions of the confirmed disease as it occurs in Africa (Plowright, 1968), 
North America (Pierson et al., 1973) and Europe (Selman et al., 1974, 1978) 
strongly suggest that the subdivisions are an artificial classification of little or 
no practical value. Such a classification is probably based on either the major 
presenting sign(s) at one particular stage of the disease (e.g., at the time of the 
first, or only, clinical examination) or the veterinarian's special interest(s) 
and/or blind spots. One of the most intriguing aspects of MCF is that, 
irrespective of the circumstances under which it arises, it is a remarkably 
consistent clinical entity; the progress of the disease is very predictable and 
involves most, if not all, of the tissues and organs of the body. Thus, the 
traditional classification is not only meaningless since it infers a static concept 
of the disease but it is also misleading. The following description will concen
trate on the disease syndrome as it is usually encountered and relevant details 
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will be drawn from both the naturally occurring (field) disease and experimen
tally-induced infections, since the effects appear to be identical (Selman et al., 
1978). 

Experimental studies have shown that the incubation period of MCF is 
variable, ranging from a little under 3 weeks to more than 2 months with the 
mean figure taken as approximately 30 days. The disease is almost invariably 
fatal and once clinical signs are established, there is a predictable deterioration 
with death usually within 7-10 days. Survival for more than 2 weeks is 
extremely rare. 

Under experimental conditions, the first clinical sign is a transient enlarge
ment of all superficial lymph nodes, starting at around 1 week postinfection; 
this is usually overlooked, however, and the first sign is generally fever. In 
the majority of experimental infections, this precedes the onset of other signs. 
In experimental and field cases, high fever (106 OF) is almost a constant 
finding, persisting up until the terminal stages of the disease. 

Dullness and anorexia appear early in the course of the disease and are 
soon followed by ocular and nasal discharge of variable severity and signs of 
oral discomfort (e.g., frequent swallowing, lip smacking and drooling of sali
va). The characteristic changes that occur within the eye, and which are 
referable to a progressive panophthalmitis, never precede the appearance of 
mouth lesions. Skin lesions are also common and occasionally other signs 
arise due to severe pathological changes in the brain, lower respiratory tract 
and bladder. 

The earliest lesions in the mouth consist of a generalized congestion of 
non-pigmented areas, particularly the gums, beneath the tongue, the hard 
palate and the oral papillae. In most instances this quickly progresses to 
localized congestion and blotchiness, later (particularly behind the incisor 
arcade) the epithelium becomes swollen and of a granular appearance. Marked 
features include intense congestion, petechiation and small single or mUltiple 
erosions on the tips of the oral papillae in localized areas in the cheeks. 
Finally, there is widespread oral necrosis and diphtheresis giving rise to 
marked halitosis. At this stage, examination of the mouth becomes difficult 
due to the copious amounts of saliva which are present; the mouth is 
extremely painful and persistent efforts to examine it tend to split the fragile 
mucosa and give rise to considerable hemorrhage. 

At the time the early lesions are arising within the mouth, the upper lips 
become stiff and swollen. Within a day or two, the muzzle becomes dry and a 
sero-mucoid nasal discharge appears. At the same time, the animal develops a 
fairly mild conjunctivitis and an ocular discharge arises. Subsequently, the 
nasal and ocular discharges become more profuse and purulent. The nasal 
secretions dry around the muzzle (which by this time has become hard and 
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cracked) and the nostrils, and results in loud snuffling noises during inspira
tion and expiration. The ocular discharge runs down the face and forms mats 
of dried exudate on the face and eyelashes. Eventually there is intense 
inflammation, sometimes with hemorrhage, within the nostrils and severe 
conjunctivitis and blepharitis. In the terminal stages of the disease, the muz
zle is matted with exudate and various other forms of debris, and in some 
animals there is complete loss of the integument in this area. 

Lesions elsewhere on the skin are common but are often overlooked 
because of the dramatic nature of the other changes. In the early stages, there 
may be painful thickening of the scrotal skin; similar effects may be seen on 
the vulva, sometimes accompanied by petechiation within the vagina. Later, 
there is often a moist reddening of the skin, particularly in the region of the 
axilla and groin and infrequently the skin of the teats becomes swollen, 
congested and hard to the touch. Diffuse congestion may also be found in the 
areas behind the pastern joints, on the coronets and around the accessory 
digits; in the terminal stages this gives way to a bluish discoloration of the 
skin which is extremely fragile and separation may occur with only gentle 
manipulation of accessory digits. Rarely, hooves and horns may be 
sloughed. 

As already stated, dramatic ocular lesions arise after the onset of oral 
changes, but the delay may vary from one day to a week. It is rare for cattle 
to die of MCF without developing obvious ocular abnormalities. 

The first obvious ocular problem is photophobia, but its onset is unrelated 
to that of the ocular discharge. Studies on experimentally-infected cattle have 
shown that, initially, photophobia is often unilateral although it becomes 
bilateral within 24 h. Its onset coincides with the onset of meiosis. Soon after 
the onset of meiosis, the iris becomes swollen and granular; hypopyon some
times occurs simultaneously. By this stage, the animal is blind. 

In early cases, corneal opacity can only be seen with the aid of oblique 
illumination. It usually starts in the area of the lateral canthus; later, it 
spreads around the peripheral parts of the cornea and finally it progresses to 
involve the whole structure. Corneal ulceration is not a clinical feature of 
MCF. When cattle survive for more than a few days after the onset of corneal 
opacity, particularly when it involves the entire cornea, a ring of vasculariza
tion arises at the corneo-scleral junction and spreads towards the anterior pole 
of the eye. It should be emphasized, however, that these latter changes 
usually occur only in animals with a prolonged survival, and many cases of 
MCF succumb without development of either total corneal opacity or a ring 
of vascularization. 

The other consistent clinical feature of MCF is a marked enlargement of all 
superficial lymph nodes. In many cases this is so extreme that it is obvious 
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some distance away from an affected animal. This severe enlargement occurs 
early in the clinical stages and. persists until death. 

Respiratory signs such as tachypnoea and coughing are common and arise 
as the result of a concomitant pneumonia. Severe respiratory distress some
times develops in the latter stages of the disease due to the accumulation of 
large amounts of pus and tissue debris within the major airways. 

Cystitis is a common feature of MCF and can easily be recognized by 
frequent tail-swishing, micturition and prolonged straining or posturing; occa
sionally the lesions in the bladder are severe enough to give rise to marked 
hematuria. These signs are more obvious in female cattle. 

In most cases, nervous signs are not dramatic and it is frequently not 
possible to separate them from other signs of marked depression, weakness, 
blindness and extreme discomfort. Nevertheless, affected animals are often 
dull and exhibit persistent muscular tremors; ataxia is common and some 
animals show behavioral changes such as continual head-pressing, abnormal 
biting or sucking activities, or nystagmus. More severe signs, such as mania 
and convulsions, have been described but would seem to be relatively uncom
mon. 

Pathology 

The gross and histopathological features of naturally occurring and experi
mental MCF have been described in detail by Selman et al. (1974) and Liggitt 
et al. (1978). 

On post-mortem examination, the lesions which can be seen and character
ized in life can be found extending back into the nasal cavities and oropha
rynx where there is usually widespread congestion, exudation, erosion, necro
sis and diphtheresis. Occasionally, small vesicles (up to 5 mm diameter) have 
been described in the oropharynx. Erosions are sometimes found in the 
esophagus and fore-stomachs but the rest of the alimentary tract is usually 
macroscopically normal. The respiratory tract is often involved at all levels and 
pneumonia is commonly present. In most cases, greyish foci (up to 5 mm in 
diameter) are found in the kidney cortex and mUltiple hemorrhagic infarcts 
are common. Severe hemorrhagic cystitis is also usually present. The carcase 
lymph nodes are all markedly enlarged, congested and edematous; the corti
cal areas are expanded with localized areas of necrosis and hemorrhage. 
Usually the brain appears macroscopically normal. Examination of joint cavi
ties may reveal excessive synovial fluid with the formation of many fibrin 
clots. 

Histopathological examination reveals lesions in all tissues and organs. 
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These are often quite striking, even in areas such as the small intestine, 
which appear to be normal on gross examination. These generalized lesions 
are basically cellular infiltration and vasculitis. 

The cellular infiltration, which tends to be arranged in 'cuffs' around blood 
vessels is composed of lymphoid cells, macro phages and, less frequently, 
plasma cells. The lymphoid cells range from small lymphocytes to large 
lymphoblasts. The vascular lesions consist of a severe necrotizing vasculitis; 
endothelial proliferation is found in both large and small blood vessels. 

The above changes, plus widespread microvesicle formation and superficial 
necrosis, from the basis of the lesions affecting the upper respiratory and 
alimentary tracts and the skin. Microvesicle formation does not arise in the 
respiratory tract although all other changes may be found. The greyish foci 
found on gross examination of kidneys is also due to mononuclear cellular 
infiltration. The vascular changes in the renal blood vessels also give rise to 
arterial thrombosis and infarction. Similar changes are the basis of the cysti
tis. 

There is marked congestion, edema and vasculitis within lymph nodes in 
which there are clear indications of increased activity of the mononuclear 
phagocytic system. In the majority of cases, while the outer cortical areas are 
narrow and usually lacking in follicles and germinal centers, the thymus
dependent, paracortical areas are usually broad and active. 

The corneal opacity is due to an interstitial keratitis and minute corneal 
ulcers may be seen in some cases. Hypopyon and irridocyclitis may also be 
found. Diffuse encephalitis, characterized by marked perivascular mononu
clear and polymorphonuclear cellular accumulations is also a consistent find
ing. Occasionally, similar changes are found in the spinal cord. 

Immune response 

In studying immunity to infection with the wildebeest-derived virus, Plo
wright (1968) showed that the small number of cattle which survive experi
mental challenge subsequently becomes solidly immune to further challenge. 
This immunity may persist for many years and is irrespective of the strain of 
challenge virus. On occasion, latent infections have been demonstrated in 
cattle which have survived experimental infection and which are resistent to 
further experimental challenge. 

Cattle which recover from experimental infection develop serum neutraliz
ing antibodies, although it may take up to 8 weeks before these are detected. 
Antibodies of this type cannot be detected in the terminal stages of experi
mental MCF, even when it is known that they have been viremic for more 
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than 2 weeks. Studies carried out using an indirect fluorescent antibody test 
(Straver and van Bekkum, 1979) have detected antibodies in titers varying 
from 1130 to 1/3000 just prior to death in approximately 30% of cases. The 
significance of this observation is doubtful, however, in view of the relative 
lack of specificity of this technique as compared to the serum neutralization 
test. These comments may be applied to work by the same authors where 
antibody titers vary from 1/30 to 1/100 in experimentally infected sheep. 

"Passive" absorption of serum neutralizing antibodies may occur when 
young calves suckle dams which are resistent and have recovered from 
experimental infection. However, this does not protect the calves against virus 
proliferation. A similar situation occurs in wildebeests in that these calves 
may develop a persistent viremia despite having absorbed specific antibodies 
from colostrum: however, the young wildebeests do not develop clinical 
MCF. In one study (Straver and van Bekkum, 1979), a hyperimmune domes
tic calf with a serum titer of 1130000 (as indicated by the indirect immuno
fluorescent antibody test) developed MCF within 7 days of challenge. 

Limited studies on farms where the presumed sheep-associated form of 
MCF has been a regular, recurrent problem, use of the above test has 
revealed no convincing evidence of any significant background infection in 
clinically normal cattle and sheep (Straver and van Bekkum, 1979). It should 
be emphasized, however, that the test in question was inevitably established 
with material from a wildebeest-derived infection. 

Laboratory aids to diagnosis 

Under normal circumstances, laboratory aids to diagnosis of MCF are not 
necessary since it is an unmistakable clinical entity. If, however, final confir
mation of diagnosis is necessary, then the easiest method is to remove such 
tissues as brain, oral mucosa, trachea, small intestine, kidney, urinary bladder, 
skin and lymph node for histopathological examination. All are likely to show 
the features described above. 

Given appropriate facilities, virus isolation and transmission of infection to 
susceptible cattle, rabbits or tissue-culture can be useful in wildebeest-derived 
infections. However, in the other (sheep-derived) form of MCF, virus isola
tion is not possible as yet and the results of attempts at experimental trans
mission are extremely variable. Thus far, there are no serological or other 
immunological tests available for general use as aids to diagnosis. 
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Prevention and control 

Theoretically, the control of MCF in the major problem areas of east, central 
and southern Africa should present little difficulty. Since in these regions 
MCF virus is often acquired by cattle from subclinically-infected wildebeests, 
the separation of cattle from areas grazed by these and certain other wild 
herbivores should result in a major reduction in the prevalence of the disease. 
In areas where this has proved possible, the desired results have been 
achieved, but so far, there is little possibility of separating grazing areas. 
Similarly, the prevention of the presumed sheep-derived infection could be 
achieved by the rigid separation of sheep from cattle. However, this is 
frequently neither possible nor desirable for other reasons and, since MCF is 
often merely a sporadic event in single animals, little or no attempt is made 
to prevent the disease throughout Africa. Under certain circumstances, when 
MCF does become an eJ-lidemic or recurrent problem, steps should be taken 
to keep sheep (particularly lambing flocks) away from cattle; this is especially 
important when the animals are being maintained under intensive conditions. 
Attempts should also be made to exclude small lambs from feeding bunkers 
and under no circumstances should cattle food storage areas (e.g., hay barns) 
be used for the temporary housing of ewes and lambs or other types of sheep. 
Finally, since the length of time a flock of sheep may harbor infection is not 
known (and reliable diagnostic tests ae not available), extreme care should be 
taken with flocks which have been circumstantially linked with cattle epidem
ics. In short, they must be looked upon as potentially infective, at least for 
several years. 

There is no MCF vaccine available for general use and the treatment of 
clinical cases is pointless; irrespective of whether they are treated or not, 
almost all cases of MCF die. 
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8. PSEUDORABIES 

Robert A. Crandell 

Abstract. Pseudorabies (Aujeszky's disease) is an acute infectious disease affecting 
many species of animals. The disease is caused by a virus belonging to the herpesvirus 
group. Swine are the natural host in which the virus persists as a latent infection, and 
they serve as a source of virus for other animal species. The disease is distributed 
throughout the world. In recent years there has been a dramatic increase in the 
number of reported cases. Outbreaks of porcine pseudorabies have caused considerable 
economic losses in Eastern Europe, Scandinavian countries, United States and Mexico. 
The virus has been introduced into new areas by the movement of carrier swine. 
There has also been a change in the clinical nature of the disease in swine and cattle. 
In the past the disease has been considered to be one primarily of the very young pig. 
The frequency of clinical disease and death losses have increased in feeder pigs and 
breeding animals. Cases of bovine pseudorabies occur frequently without the classical 
"mad itch" syndrome. Vaccination of swine has reduced losses but has not eliminated 
the virus from infected herds. The diagnosis of pseudorabies infection should always 
be confirmed by laboratory methods. 

Synonyms: Aujeszky's disease, mad itch, infectious bulbar paralysis. 

History 

Pseudorabies was first described as a new disease entity of domestic animals 
by Aujeszky (1902) who observed the condition in Hungary as a naturally 
occurring fatal illness in cattle, cats and dogs. The causative agent was 
experimentally transmitted to rabbits and Aujeszky differentiated the virus 
from that of rabies by its behavior in the rabbit. The name pseudorabies was 
given to the disease because of its similarity to clinical rabies. The term" mad 
itch" apparently originated in the early American literature over a century 
ago describing a condition in cattle and dogs which resembled in all aspects 
the disease as it is now known (Hanson, 1954). "Infectious bulbar paralysis" 
was used to describe the disease in the rabbit. 
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After Aujeszky's original description of the disease in cattle, pseudorabies 
was later observed as a naturally occurring disease of swine in Hungary and 
in other European countries. In 1930, the cause of "mad itch" occurring in 
cattle in the United States· was shown to be caused by a virus identical to 
Aujeszky's pseudorabies virus. Later it was shown by serology that pseudora
bies was highly prevalent as an unrecognized infection in swine in the middle 
western states (Shope, 1935b). In 1943, pseudorabies was observed as a 
clinical disease in swine in the United States. 

The virus was first propagated in vitro in minced cultures of fragments of 
chick embryos, rabbit and guinea pig testicles. 

Etiology 

Pseudorabies virus belongs to the family of virus, Herpesviridae, genus, 
Herpesvirus and species, suis. The average particle size is 186 nm in diameter 
(Kaplan and Vetter, 1959). Structure of the virion has been studied by electron 
microscopy using the negative staining and ultrathin techniques. The virus 
particle consists of three main components - the core, capsid and an outer 
membrane (Fig. 1). The core or center of the virion is hexagonal in shape and 
contains the viral nucleic acid DNA. The capsid surrounding the core is 
composed of subunits called capsomeres. The capsids with their regularly 

Fig. 1. Pseudorabies virus in phosphotungstate negative stain. A. Intact virion with envelope bleb 
and surface spikes (arrows). B. Single capsid with hollow capsomeres and hexagonal profile. 
(Courtesy of A. E. Ritchie.). 
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arranged capsomeres possess 5: 3 : 2 axial symmetry with an icosahedral 
shape. The outer membrane or envelope encloses the capsid and varies in 
shape and size. There is only one antigenic serotype but some virus strains 
differ in their virulence and biological characteristics. 

Chemical analysis of purified pseudorabies virus has shown that the virus 
contains a double stranded DNA. Pseudorabies virus is sensitive to ether and 
chloroform. The virus is inactivated by trypsin and chymotrypsin. The virus 
is inactivated by heat at 37°C, half-life 7 h, formaldehyde and ultraviolet 
irradiation. The virus has been reported to survive on hay for 30 days during 
the summer and for 46 days in the winter. It survives drying with subsequent 
storage. The virus remains viable for at least 3 years in 50% glycerol when 
stored in the cold. 

Geographic distribution 

Pseudorabies is found in most parts of the world and in a large range of 
climates. After the recognition of the disease in Hungary, it was reported to 
be present in many countries of the world. The disease has been reported in 
all countries of Europe. Presently, the disease is of particular economic 
importance in countries of Central and Eastern Europe including areas of 
Czechoslovakia, Hungary, Yugoslavia, Romania, Poland and northern Italy. 

Porcine pseudorabies was not recognized as a disease problem in the United 
States until 1962 (Saunders et aI., 1963). Thirteen epizootics of pseudorabies 
occurred in the State of Indiana between January, 1962 and October, 1964. In 
10 of these 13 outbreaks, clinical pseudorabies was observed in swine. The 
other three outbreaks involved cattle in which 20 head died. Pseudorabies 
was diagnosed i!1 sheep and dogs dying on the farms in which the disease was 
found in the swine. Of these 13 outbreaks, only two were on the same 
premises, occurring in 1962 and again in 1964. 

Bovine pseudorabies was first demonstrated in the United Kingdom in 
1939 when the disease occurred in Northern Ireland. Since then Aujeszky's 
virus has become well established in the porcine population of Northern 
Ireland. The disease is of economical importance in the enzootic areas. Spo
radic cases occur throughout scattered areas in England and Wales where the 
prevalence has increased in recent years. The disease appears to be absent or 
of little significance in Scotland. 

In the earlier years pseudorabies outbreaks of economic importance was 
limited to swine and cattle; however, in 1961 extensive epizootics in sheep 
were reported in the Balkans where the disease is widespread. Another epi
zootic occurred in Germany in which 75 sheep in one flock died. The disease 
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was diagnosed occasionally in sheep in other countries where sheep were 
allowed to mix with swine. 

The disease was diagnosed in Denmark for the first time in cattle in 1931. 
Pseudorabies infection was first recognized in cattle and young pigs in Swed
en in 1965 and since that time has occurred with greater frequency. The 
geographic distribution of pseudorabies infections in France has increased 
since 1971 and cattle infections have been observed more frequently. In 
Brittany, in particular, the disease has caused considerable economic losses. In 
1977,90.2% of all outbreaks were reported in Brittany. In 1977, an epidem
iological relationship was established between bovine cases and clinical and 
subclinical pseudorabies-infected pigs. There were 234 outbreaks recorded in 
that year. 

Bovine pseudorabies was first diagnosed clinically in the state of Veracruz, 
Mexico in 1943. The disease was reported again in cattle in the state of 
Guanajuato in 1945, and in 1970 cattle in the state of Guerrero became 
infected while in contact with imported pigs. The first serious outbreak in 
swine occurred in 1973, and it was associated with the importation of swine. 
By 1975 the disease had spread into the largest pig-raising area of Mexico, 
infecting hundreds of sows and killing 20000 piglets. 

Pseudorabies" Peste de Cocar" was described for the first time in the state 
of Sao Paulo, Brazil in 1912. In 1922, the virus was isolated from the nervous 
tissue of a cow from the state of Minas Gerais. During the period of 1936 to 
1950, pseudorabies virus was isolated from 38 cattle, one sheep and one 
swine. Today the disease is widespread throughout Brazil, being reported in at 
least five states. The increase in incidence observed on other continents, 
however, is not apparent in South America. 

Epizootiology 

Natural infections of pseudorabies have been observed in cattle, sheep, goats, 
pigs, dogs, cats, mink and a number of wildlife species. Infected swine are 
believed to be the reservoir host and the primary source of infection for other 
animal species. Swine have long been recognized as the source of infection for 
cattle (Shope, 1935a) and for sheep (Kojnok, 1962), yet severe losses in these 
species continue. The disease is more prevalent in areas with a high swine 
density. 

In endemic areas the disease occurs in swine throughout the year. Disease 
outbreaks are generally associated with the addition of new animals to a herd 
and to farrowing times. Outbreaks in cattle and sheep occur sporadically. The 
introduction of infected swine into a pen with cattle will often initiate a 
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clinical outbreak. Since the immune carrier pig is asymptomatic, there is no 
clinical evidence of infection. The first indication of pseudorabies may be the 
appearance of illness in the cattle. Clinical disease usually occurs within 10 to 
14 days after the addition of the infected pigs. 

The source of infection in closed swine herds without histories of recent 
additions is still unresolved. Attention has been directed towards the possible 
role of wild life animais and birds in the natural transmission of pseudorabies. 
Although pseudorabies virus has been isolated from a number of naturally 
infected wild animals (skunks, raccoons, opossums, badgers, rats, foxes and 
coyotes), their exact role in transmission is not known. Evidence to indicate 
that they playa significant role is lacking. It is postulated that some infected 
animals may transmit the virus if they were consumed by pigs or some feral 
animal. It has been suggested that oronasal secretion containing virus could 
contaminate the feed or water. Because foxes and coyotes are more likely to 
travel longer distances than skunks or rats before dying, they may initiate an 
infection several kilometers from where they consumed infected pigs. 

The practice of feeding uncooked swine offal from abattoirs has resulted in 
serious outbreaks of pseudorabies in dog kennels and mink farms. Outbreaks 
of Aujeszky's disease in mink associated with the feeding of offal contami
nated with pseudorabies virus have occurred in Greece, USSR, Czechoslova
kia, Poland, Holland, Belgium, Germany and Yugoslavia. 

Pathogenesis 

Swine 

The pathogenesis of pseudorabies in the natural host is important as it relates 
directly to the epizootiology and control of the disease. Pseudorabies has been 
recognized for years as a contagious disease of swine but noncontagious in 
other species of domestic and laboratory animals. 

Swine are susceptible to infection when experimentally exposed to the virus 
by subcutaneous, intracerebral, intranasal, intratracheal, intragastric, oral and 
intramuscular routes of inoculation; however, the response elicited by the 
various routes of exposure is variable. A rapid, fatal illness is produced in pigs 
inoculated intracerebrally and the brains of those animals contain a high 
concentration of virus. A response similar to the natural infection is produced 
when animals are ioculated intranasally. In pigs, the natural infection spreads 
by the respiratory route. Transplacental infections occur as the virus crosses 
the placental barrier (Csontos et al., 1962). Paralysis and death occur in some 
animals following exposure by the intramuscular route. Subcutaneous and 
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intratracheal exposure produces a mild disease similar to that observed in the 
natural infections. Pigs given the virus intragastrically or orally are the least 
susceptible to infection. 

Cattle 

McFerran and Dow (1964) studied the susceptibility of calves to different 
routes of inoculation and the distribution of virus within the body. Fatal 
illness of short duration was induced in 2- to 9-month-old calves infected by 
the oral, nasal and cutaneous route. The incubation period ranged from 90 to 
168 h, and duration of the illness varied between <6 and 72 h. The distribu
tion of the virus in the body was shown to be strictly neurotropic with a close 
relationship to the site of entry and its location in the central nervous 
system. 

Virus was recovered from blood, adrenal, salivary gland, heart, kidney and 
pharynx in addition to brain and spinal cord in animals inoculated intra
venously. In calves inoculated intramuscularly, pseudorabies virus was isu
lated from local muscles, adrenals, lymph nodes and various nervous tissues 
(Dow and McFerran, 1966). 

The recent demonstration of virus from lungs of naturally infected cattle 
with and without signs of pruritis is suggestive of an infection by the respi
ratory route. Reports of fatal infections occurring in sheep and cattle without 
direct contact with infected swine support this view. Bitsch (1975c) isolated 
virus from the nasal, tonsillar and pharyngeal mucosal surface of a cow, thus 
suggesting the possibility of virus excretion by the bovine species. 

The duration of clinical disease and site of virus recovery in the central 
nervous system (eNS) is related to the area of pruritis. Animals with pruritis 
on the anterior part of their body have a shorter clinical illness than those 
with pruritis on the posterior part of the body (Bitsch, 1975a). In general, 
virus localization is greater from brain tissue (medulla oblongata specifically) 
and thoracic cord in animals with pruritis involving anterior parts of the body. 
In cases of pruritis on posterior parts of the body, virus is found more 
consistently in the lumbar cord. 

Bitsch (1975b) demonstrated virus in the vagina of three calves with pruritis 
on the posterior part of the body. Although the three calves were associated 
with pigs, the actual mode of infection was not determined; however, man to 
calf infection was considered in one case. 

Placental transmission has been reported in a cow that was ill for 8 days 
(Silva and Giovine, 1966). Pseudorabies virus was isolated from the blood and 
spinal cord of the cow, and virus was recovered from the spleen, liver and 
brain of a 9-month old fetus removed from the uterus. 
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Clinical signs 

Swine 

Swine of all ages and breeds are susceptible to infection; however, morbidity 
and mortality is greatest in the newborn pig. Porcine pseudorabies occurs as 
both a clinical and subclinical infection. In the young pig from a few days to 
3 to 4 weeks of age, the onset is sudden and death may occur within 48 h. 
The disease is manifested by temperatures of 41 °C or higher, accompanied by 
anoxia, dullness and muscular tremors. As the disease progresses, the ner
vous signs develop. The animals may become ataxic, circle and stagger; death 
is preceded by convulsions and prostration. Animals with nervous signs do 
not recover. 

Clinical disease in feeder operations is usually observed one week to a 
month after the addition of pigs to the feed pens. The clinical signs are 
similar to thsoe seen in younger pigs but persist longer, and the death losses 
are less severe; however, in some outbreaks the feeder pig losses have been 
significant. 

Clinical illness in older swine has become a recognized feature in recent 
years of pseudorabies infection in some areas of the world where the disease 
previously was considered to be subclinical. Deaths in older animals, fetal 
deaths and abortions are observed with greater frequency. Some clinical signs 
of affected sows are anorexia, pyrexia, agalactia, weakness and vomition. 
Infected sows may abort or farrow stillbirths, mummified fetuses or weak 
infected pigs which usually die within a few days. 

Pruritis is not a feature of porcine pseudorabies. 

Cattle 

"Mad itch" is perhaps the best known description for clinical bovine pseudo
rabies in which pruritis is a cardinal sign of the disease, however, in recent 
years bovine pseudorabies has occurred without pruritis. Pruritis characterized 
by biting, licking or rubbing is generally seen unilaterally (Fig. 2). When 
present on the anterior portion of the body, it is usually observed on the nose, 
around the eyes, below the ear, lower jaw or on the chest. Posteriorly, the 
affected site is more often seen in the perineal region but occurs at various 
sites on the udder, limbs and flank. Animals usually die between 1 and 3 
days after the appearance of pruritis. The duration of illness is related to the 
area of CNS involvement. In cattle with pruritis on the head, the course of 
illness would be shorter compared to those animals with pruritis located on 
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Fig. 2. Pseudorabies in a steer. Note swelling and abrasions about the right oribital region and 
excessive salivation. 

the posterior portion of the body or those without pruritis. 
Rectal temperatures may vary and go as high as 43°C. Continuous or 

intermittent chewing movements with salivation may occur. The animal may 
become completely anorectic and there is a marked drop in milk production 
in lactating cows. The affected animal may aptJear excited and exhibit signs of 
restlessness by bellowing, getting up and down frequently and stamping of 
the feet. Nervous signs often observed are staggering aimlessly, aggressiveness 
and circling in one direction. In some major bovine outbreaks, clinical signs 
have been limited to rumeGal atony and sudden death in a few affected 
animals. 

Infections in cattle have always been considered fatal; however, two 
accounts of nonfatal, clinical bovine pseudorabies have recently been docu
mented. Hagemoser et al. (1978) described the recovery in a 4-year-old beef 
cow in Iowa (USA) and Toma and Gilet (1978) reported the recovery of two 
cows in an outbreak in Brittany (France). The animals all exhibited a variety 
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of clinical signs, and serum neutralizing antibodies for pseudorabies VIruS 
were demonstrated in two of the three cows. 

Sheep, Dogs and Cats 

The clinical syndrome in sheep is similar to that observed in affected cattle. 
Pseudorabies infection of dogs and cats is a rapidly fatal disease with death 
occurring within 2 days of onset of clinical signs. The animals scratch or bite 
at the area of intense pruritis with the head and face most commonly 
affected. The face may be swollen with open wounds or badly bruised from 
scratching and clawing. The affected animal may salivate, vomit or retch as if 
something was stuck in its throat. After onset of signs, they refuse food and 
water and become depressed. The lesions seem to be painful; the animals 
convulse and die. Pruritis is not always present. 

Pathological features 

Swine 

Baskerville et al. (1973) recently reviewed the pathologic changes of porcine 
pseudorabies in detail. The lesions observed in swine vary considerably with 
the strain of virus. Gross lesions in swine are limited and inconsistent. 
Saunders et al. (1963) reported congestion of the meninges and lymph nodes 
are the most constant lesions in feeder pigs. The cerebrum and cerebellum are 
more severely affected than the brain stem in the gray matter of the cerebral 
and cerebellar cortices. The lesions of the spinal cord are mild and occur 
mainly in the cervical and anterior thoracic regions. These lesions consist of a 
diffuse, nonsuppurative meningoencephalomyelitis and ganglioneuritis. 

Lesions in the lung vary from a mild cellular infiltration and edema to 
widespread necrosis and hemorrhage. Intranuclear inclusion bodies may occur 
in epithelial cells of the airways, alveoli and other cell types. In some 
outbreaks, focal areas of necrosis are found in the liver and spleen. Intranu
clear inclusion bodies, when present, are most often seen in the hepatocytes 
at the periphery of necrotic foci (Fig. 3). 

Cattle 

The lesions in the eNS of naturally infected animals are very similar to those 
observed by Dow and McFerran (1962) in experimental calves inoculated 
intradermally and subcutaneously in the hips. There is an increase in the 
amount of cerebrospinal fluid (CSF), and the meninges over the area of the 
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Fig. 3. Intranuclear inclusion bodies (arrows) in hepatocytes in a pig naturally infected with 
pseudorabies virus. H & E stain 600 X . 

affected cord may be congested. 
The skin over the area of pruritis is thickened, edematous and may be 

covered with a serosanguinous exudate. The degree of edema, hemorrhage 
and necrosis in the subcutaneous tissues and associated muscles is related to 
the amount of trauma. Moderate edema and congestion may be present in the 
lungs. 

The histologic changes in the eNS may be confined to the spinal cord in 
association with the dorsal root ganglia of the affected side; however, in some 
cases the lesions may be more widespread and extend up the cord. The 
lesions consist of acute neuronal degeneration and inflammatory cellular 
infiltration of the ganglia and dorsal horns. 

Focal hemorrhages may occur and characteristic inclusion bodies may be 
present in the affected nerve cells and in neuroglia. The lesions in the cord 
and brain are localized and easily missed. The perivascular cuffs are generally 
thinner and less numerous than those seen in porcine pseudorabies (Fig. 4). 
Microscopic lesions in the lungs consisting of congestion, edema and focal 
areas of necrosis may be present (Fig. 5). 
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Fig. 4. Lymphocytic perivascular cuffing in brain of a steer naturally infected with pseudorabies 
virus. H & E. stain, 240 X . 

Fig. 5. Congestion and edema fluid in lung of a steer naturally infected with pseudorabies virus. 
H & E. stain, 240 X . 
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Sheep, Dogs and Cats 

Inoculation of sheep by sacrification of the skin resulted in depilation and 
excoriation with subsequent thickening and edema. Regardless of the route of 
inoculation, the reginal lymph nodes are swollen, congested and some are 
edematous. The lesions of the eNS are characterized by severe neuronal 
degeneration, cellular infiltration and sometimes by the presence of intranu
clear inclusion bodies. The distribution of the lesions within the eNS is 
similar to that in cattle. 

The main gross lesions in dogs and cats is the severely traumatized area of 
the skin generally located about the head and face. The viscera may be 
congested. The presence of porcine fetal tissue in the gastric contents of 
canines and felines necropsied after a sudden death suggests possible expo
sure to pseudorabies virus. Saunders et al. (1963) described marked micro
scopic lesions in the eNS of dogs similar to those described in swine. 

Immune response 

There is an increase in resistance to the disease with increasing age of swine. 
Neutralizing antibody is first detected in the serum of pigs 7 days after 
infection. The optimal level of antibody occurs between 2 and 4 weeks and 
persists for long periods of time. Although immune, some animals become 
latent carriers and the disease may recur in the same herd. Immune sows 
secrete antibodies in their colostrum and milk at each gestation. The persis
tence of the passive immunity is reported to vary between 3 and 14 weeks in 
the offspring. The presence of passive antibody in baby pigs does not prevent 
the excretion and dissemination of the virus. 

The cell-mediated immune (eMI) response has been demonstrated, but its 
role in immunity is not known. The eMI was shown to appear prior to the 
humoral immunity. 

Although most infections are fatal in all species except swine, serum 
neutralizing antibodies have been demonstrated in cattle and dogs surviving 
the infection. 

Laboratory aids to diagnosis 

A history of contact with pigs, clinical signs and outcome of the illness are 
helpful in making a preliminary diagnosis of bovine pseudorabies. A clinical 
diagnosis must be confirmed by laboratory methods because the clinical signs 
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of pseudorabies are similar to other diseases. 
A definite diagnosis of pseudorabies is obtained by the isolation and iden

tification of the virus and by the fluorescent antibody (FA) test (Hill et al., 
1977). The recommended specimens for virus isolation from suspected cattle 
are brain tissues collected from different levels of the brain, lung and spinal 
cord. When pruritis or paralysis is present on the anterior or posterior part of 
the body, tissues are best selected from the thoracic cord or the lumbar cord, 
respectively. The tonsils and portions of the olfactory lobes, pons and medulla 
from pigs are the recommended tissues for virus isolation. The virus may also 
be recovered from other porcine tissues such as liver, spleen and lung. The 
tonsil is the choice tissue for FA testing. 

Pseudorabies virus is infective and cytopathic for a wide variety of cell 
cultures derived from different animal species (Fig. 6); therefore, the virus may 
be readily isolated from infected tissue in many primary and established cell 
culture lines. The virus is identified either by the serum-virus neutralization 
(SVN) test or the FA method. In the past the rabbit was commonly used for 
confirmation of pseudorabies infection. 

The histopathologic findings are helpful in the diagnostic process. Serology 
is not recommended in determining the cause of acute pseudorabies infec
tions because the neutralizing antibody is not demonstrable early in the 
course of the disease. The SVN test is very useful in conducting surveys and 
control programs. 

Fig. 6. Intranuclear inclusion bodies in bovine embryonic kidney cell culture infected with 
pseudorabies virus. H & E. stain, 240. 
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A standard procedure for the microimmunodiffusion (MID) test for detect
ing pseudorabies virus antibody has been recommended for use in determin
ing the immune status of swine herds (Crandell et al., 1978). The MID is less 
sensitive than the SVN test in detecting antibody. 

A skin test based on a delayed hypersensitivity reaction to pseudorabies 
virus antigens has been described for evaluating the immune status of herds. 
The test is not recommended for determining the immune status of individ
ual pigs. 

Diseases from which bovine pseudorabies must be differentiated are lister
iosis, rabies and toxicosis. Pseudorabies infections in swine should be distin
guished from enterovirus infecions, rabies, water deprivation and hog cho
lera. 

Prevention and control 

The subject of how to prevent and control pseudorabies infections is much 
debated. In the prevention and control of any viral disease, questions con
cerning carrier, reservoir hosts, quarantine, vaccination and eradication are in 
the forefront. Although it is not known exactly how infection gains entrance 
into some swine herds, the source of infection is usually attributed to a carrier 
pig. Therefore, an obvious goal in any program is to prevent the introduction 
of an infected animal to a susceptible herd. To achieve this goal, various 
serological testing programs have been conceived to eliminate the potential 
carrier animal. Specific regulations have been issued by some local and federal 
governments to restrict the movement of infected swine. A program of 
serological testing of all breeding replacement animals for pseudorabies anti
bodies has been recommended with subsequent quarantine and retest before 
adding animals to a herd. Some regulations now require swine to be negative 
to the SVN test prior to exhibition and importation. 

The most obvious and effective preventive measure to protect cattle and 
sheep against pseudorabies is to isolate them from swine. Fatal infections in 
dogs and cats can be avoided by restricting their exposure to swine or infected 
carcasses. The practice of feeding uncooked offal to fur-bearing or other 
carnivores should be stopped. 

There is some disagreement among professionals as to the effectiveness of 
vaccination programs in controlling the disease. Vaccines are widely used to 
control losses in swine and some vaccines are used in cattle. Although live 
modified viral vaccines are safe for swine, some are dangerous to other 
animal species. The use of a live Aujeszky's disease vaccine is prohibited in 
some countries. Vaccines have been successful in reducing the economical 
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losses in swine, but their use has not eliminated the disease nor do they 
prevent pigs from becoming virus carriers and shedders (Skoda, 1976). Pseu
dorabies virus remains endemic in large areas of Central and Eastern Europe 
after a decade of extensive vaccination. 

An early diagnosis of the disease is important in controlling the spread of 
the virus. All sick animals should be isolated from the rest of the herd. Pigs 
and cattle should be separated immediately to prevent any further virus 
transmission. In some control programs, the farm is quarantined. Dogs, cats 
and wildlife animals should not be allowed to feed upon dead animals. All 
dead animals should be buried or burned. 

In the few bovine cases in which cattle survived, electrolytes and calcium 
and magnesium glutamate were administered as supportive therapy. Addi
tional therapy consisted of a mixture of vitamins, amino acids, oxytetracycline 
and dexamethasone. 

The use of hyperimmune serum and specific gammaglobulin in exposed 
animals has been effective in controlling death losses; however, they have no 
therapeutic value in pigs showing clinical signs. The use of immune serum 
does not eliminate animal carriers. 

References 

Aujeszky A: Uber eine neue Infektion krankheit bei Haustieren. Zbl Bakt, 1 Abt Orig 
32: 353-357, 1902. 

Baskerville A, McFerran JB, Dow C: Aujesky's Disease in Pigs. Vet Bull 43: 465-480, 
1973. 

Bitsch V: A Study of Outbreaks of Aujeszky's Disease in Cattle. I. Virological and 
Epidemiological Findings. Acta Vet Scand 16: 420-433, 1975 a. 

Bitsch V: A Study of Outbreaks of Aujeszky's Disease in Cattle. II. Further Investi
gations on the Routes of Infection. Acta Vet Scand 16:434-448, 1975b. 

Bitsch V: A Study of Outbreaks of Aujeszky's Disease in Cattle. III. Selected Out
breaks of a Special Interest Regarding Epidemiology. Acta Vet Scand. 16:449-455, 
1975c. 

Csontos L, Hejj L, Szabo I: A Contribution to the Aetiology of Aujeszky's Disease in 
the Pig. Foetal Damage and Abortion Due to the Virus. Acta Vet Hung 12: 17-23, 
1962. 

Crandell RA, Gutekunst DE, Kanitz CL, McAdaragh JP, Seawright GL, Snyder ML, 
Solorzano RF, Stewart WC, Hill HT: Standard Procedure for Microimmunodiffu
sion Test for Detection Pseudorabies Viral Antibody. In Proc 21st Annu Mtng Am 
Assoc Vet Lab Diagnosticians, 53-55, 1978. 

Dow C, McFerran, JB: The Pathology of Aujeszky's Disease in Cattle. J Comp Pathol. 
72:337-347,1962. 

Dow C, McFerran JB: Experimental Studies on Aujeszky's Disease in Cattle. J Comp 
Pathol 76: 379-385, 1966. 

105 



Hagemoser W A, Hill HT, Moss EW: Nonfatal Pseudorabies in Cattle. J Am Vet Med 
Assoc 173: 205-206, 1978. 

Hanson RP: The History of Pseudorabies in the United States. J Am Vet Med Assoc 
124:259-261, 1954. 

Hill HT, Crandell RA, Kanitz CL, McAdarragh JP, Seawright GL, Solorzano RF, 
Stewart WC: Recommended Minimum Standards for Diagnostic Tests Employed in 
the Diagnosis of Pseudorabies (Aujeszky's Disease). In: Proc 20th Annu Mtng Am 
Assoc Vet Lab Diagnosticians, 375-390, 1977. 

Kaplan AS, Vatter AE: A Comparison of Herpes Simplex and Pseudorabies Virus. 
Virology 7: 394-407, 1959. 

Kojnok J: The Role of Pigs in Spreading of Aujeszky's Disease Among Cattle and 
Sheep. Acta Vet Hung 12:53-58, 1962. 

McFerran JB, Dow C: Virus Studies on Experimental Aujeszky's Disease in Calves. J 
Comp Pathol 74:173-179,1964. 

Saunders JR, Gustafson DP, Olander HJ, Jones RK: An Unusual Outbreak of Aujesz
ky's Disease in Swine. In: Proc 67th Annu Mtng US Anim Health Assoc 331-346, 
1963. 

Shope RE: Experiments on the Epidemiology of Pseudorabies. 1. Mode of Transmis
sion of the Disease in Swine and Their Role in Its Spread to Cattle. J Exp Med 
62:85-100, 1935a. 

Shope RE: Experiments on the Epidemiology of Pseudorabies. II. Prevalence of the 
Disease Among Middle Western Swine and the Possible Role of Rats in Herd
to-Herd Infections. J Exp Med 62:101-117, 1935b. 

Silva RA da, Giovine N: Novos Focos Da Doenca da Aujeszky no estado de Minas 
Gerais. IV. Transmissao Placentaria do Virus de Aujeszky na doencs natural em 
bovino. Pesq Agropec Bras 1: 73-74, 1966. 

Skoda R: The Control of Aujeszky's Disease in Large Swine Units by Use of Atte
nuated Live Vaccines. In Proc 4th Mtng Int Pig Vet Soc, Item G,6, 1976. 

Toma B, Gilet J: Etude D'un Foyer de Maladie D' Aujeszky Chez les Bovins Avec cas 
de Guerison Spontanee. Rec Med Vet 154:425-429, 1978. 

106 



9. BOVINE RABIES 

Richard E. Dierks 

Abstract. Rabies is a fatal disease affecting the central nervous system of all warm 
blooded animals. The disease is caused by a virus belonging to the family Rhabdovi
radae and genus Lyssavirus. Carnivores, bats, and other wildlife species are the vector 
hosts of the disease with cattle and man normally acquiring the infection through bite 
transmission from an infected vector species. The disease is worldwide in distribution 
and is of major economic and public health significance in many countries. The 
disease produces clinical signs that must be differentiated from other diseases affecting 
the central nervous sytem. The lesions observed are minimal in most cattle. Intracy
toplasmic inclusions (Negri bodies) are a characteristic and pathognomonic feature of 
the disease. Fluorescent antibody procedures are routinely used to diagnose the dis
ease. Control mechanisms include vaccination and reduction of numbers of specific 
vector species and vaccination of cattle. Inactivated nervous tissue, modified live 
tissue culture, and modified live chicken embryo origin vaccines are used to protect 
cattle from rabies. 

Disease 

Synonyms.' rabies, lyssa, lytta, habhos, tollwut, rage, rabere, hydrophobia, 
derriengue. 

Rabies is an acute viral infection of the nervous system with progressive 
paralysis leading to death of the host. The disease has been known and 
described since ancient history and continues to be a problem in many species 
of domestic and wild animals throughout most of the world. The major 
tropical areas currently free of rabies are Australia, New Zealand, Hawaii and 
other isolated Pacific islands, and some Caribbean islands. 

All warm-blood animals are susceptible to rabies virus infection; however, 
the degree of susceptibility varies widely among the different species. Carni
vores (dogs, cats, faxes, wolves, jackals, skunks, mongooses) are the primary 
vector species in the majority of the tropical areas of the world. Vampire bats 
also play an important role in transmission of the disease in Central and 
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South America. Cattle and other domestic animals become infected following 
bites from endemically or epidemically infected vector species. Cattle are 
normally dead-end hosts in that the disease is usually not transmitted directly 
to other species. The disease causes major economic losses of cattle in tropical 
and temperate areas of the world. Exposure of man to infected cattle also 
creates many public health problems. No other zoonotic disease creates such 
widespread fear in man. 

Etiology 

Rabies virus belongs to the family Rhabdoviridae and genus Lyssavirus. Rhab
doviruses constitu1e a large group of viral agents with a bullet-like or bacilli
form morphology that infect plants, insects, and both homeothermic and 
poikilothermic animals. 

Almost all of the physicochemical properties of rabies virus have been 
described since 1960. Virus particles have been described by negative contrast 
and thin section electron microscopy as cylindrical with one rounded or 
conical end and one planar or concave end. The particles are approximately 
180 nm in length and 75 nm in diameter with surface spikes or projections of 
9 nm (Murphy, 1975; Hummeler et al., 1967; Matsumoto, 1962, 1963). 

The virion has surface or coat antigens and a helical ribonucleoprotein 
capsid internally. The virus contains a surface glycoprotein, at least two 
membrane proteins, and a ribonucleoprotein that are each capable of stimu
lating antibody production (Schneider et al., 1973; Sokol, 1975). The virus 
contains RNA, is heat susceptible, and sensitive to ether, chloroform, and 
various detergents. 

Rabies virus had been considered to be a single antigenic group until 
recently. This concept was challenged when it was shown that a group of 
related viruses could be distinguished serologically from rabies and from each 
other (Shope et al., 1970). A series of viruses were isolated in Africa that were 
related to rabies virus but were antigenically distinct enough to be classified 
as separate serotypes. Lagos bat, Mokola, and Duvenhage viruses, along with 
rabies virus, constitute the genus Lyssavirus (Shope, 1975; WHO, 1977). Two 
additonal viruses isolated from insect vectors produce lesser antigenic cross
reactions with the Lyssavirus group. Obodhiang virus and Kotonkan virus 
were isolated in Africa from mosquitoes and midges, respectively (Schmidt et 
al., 1965; Kemp et al., 1973). Kotonkan virus was also shown serologically to 
naturally infect cattle, sheep, horses, and rodents in Nigeria. The characJ:eris
tics of these separate serotypes of Lyssavirus are given in Table 1. The 
rabies-related viruses have not been found naturally outside Africa. 
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A number of other rabies viruses which have unusual biological properties 
have been studied. In serological tests, there are minor antigenic differences 
that can be detected; but they have not been demonstrated to have large 
enough variations to be listed as serotypes as are those viruses listed in Table 
1. Previous studies utilizing purified antigens have shown the nucleoprotein 
to be a common antigen within the group, while variations were noted in the 
glycoprotein antigens. A new method of producing monoclonal antibodies 
against rabies virus antigens has been described CWiktor and Kaprowski, 
1978). This technique, using hybrid cells resulting from immunized mouse 
spleen cells fused with mouse myeloma cells, is providing monospecific 
antibodies that can distinguish minor antigenic variations between two iso
lates. Initial studies utilizing these hybridoma techniques have shown some 
significant variations between street rabies isolates. This methodology will be 
extremely valuable in determining whether some vaccine failures demon
strated in various parts of the world are due to antigenic variations or other 
immunological factors. 

Distribution 

Rabies virus has worldwide distribution with different principal animal vectors 
in different countries or regions of the world responsible for transmission of 
the disease to cattle and other food animal species (WHO, 1979). The cat, 
dog, vampire bat, and insectivorous bats serve as vector species in the tropic 
countries of the Americas. The specific role of insectivorous bats in transmis
sion of rabies to cattle is poorly understood; while the vampire bat, cat, and dog 
each play a major role in different countries in Central and South America. 

Rabies is endemic in almost all countries of Africa with the cat, dog, jackal, 
and mongoose serving as primary vectors. 

Dogs and wolves are the primary vector animals for transmission fo rabies 
to cattle in the Middle East, while the cat and dog are the principal carnivor
ous animals infected as one progresses eastward through Asia. 

Specific areas of Oceania (Australia, New Zealand, Papua New Guinea, 
New Caledonia, Fiji, and Guam) are currently free of rabies. Many of the 
Caribbean Islands are also free of rabies. Jamaica, Bahamas, Turks, and 
Caicos Islands followed by a half.circle through the Leeward and Windward 
Islands are all currently free of rabies virus, while larger islands such as Haiti 
and the Dominican Republic currently have rabies infections. Small areas of 
Asia (Hong Kong, Singapore, Brunei, and Bahrein) are also free of rabies. 

The prevalence of rabies infection will follow cyclic patterns in the primary 
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vector species for given countries or regions. The number of infected cattle 
and human exposures follow the same cyclic patterns when rabies prevalence 
is followed over a number of years. 

Epidemiology 

The epidemiology of rabies will vary depending on the vector species that is 
predominant in a given country or area of the world. The epidemiology can 
even vary a great deal within a given country, depending on the vector 
species, rates of infection, and interaction between the vector species, cattle, 
and man. Cattle are quite susceptible to rabies infections as are foxes. Cats, 
dogs, and man are intermediate in susceptibility to rabies. Age is also an 
important factor in the susceptibility of all species to rabies with younger 
animals being more susceptible than older animals. 

The natural epidemiological spread of rabies depends on the classical bite
wound chain of transmission. Aberrant routes such as ingestion and inhala
tion probably play no significant role in the natural spread of rabies. Carni
vorous species will usually have an average incubationary period of from 3 to 
8 weeks but can vary a great deal on either side of that time frame. Extreme
ly long incubation periods or latent infections in vector species are believed to 

playa role in the long-term maintenance of rabies in a given area or region, 
but these aspects of the epidemiology of rabies are not presently well estab
lished or understood. Rabies virus often accumulates and is excreted in 
relatively high titers in the saliva of vector species. As a general rule, most 
carnivores will not excrete virus in their saliva sooner than 5 days before 
showing clinical signs of disease. 

Bovine rabies as a result of exposure to rabid vampire bats is enzootic in 
most of the countries of the Americas from Mexico to Argentina. As with 
carnivorous vectors, epizootic foci will occur in various endemic areas. It is 
estimated that between 500 000 and 1 million cattle die of rabies each year 
following infection from rabid vampire bats. 

European breeds of cattle appear to be more susceptible to rabies than the 
thicker skinned Brahman or Zebu breeds. In many parts of the tropical world 
where vampire bats playa role in transmission, Desmodus rotundus is by far the 
most common species. Desmodus also have a preference for bovine blood in 
their feeding habits, thus making the incidence of exposure of cattle quite 
high. The apparent susceptibility of European breeds of cattle may also be the 
result of feeding preferences of vampire bats. 
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Clinical signs 

The first sign of rabies in cattle is usually a generalized depression that is seen 
with many viral or bacterial infectious disease processes. Loss lof appetite and 
sudden drop in milk production in lactating animals are seen early in the 
disease. As the disease progresses, a depraved appetite may be seen with the 
animal observed to be chewing on or attempting to eat wood, stones, and 
other nondigestible objects. 

Trembling or fasciculation of muscle bundles and twitching of the animal's 
ears may be observed. Paralysis of muscles of the throat with excessive 
salivation and grinding of teeth is a common occurrence. The cow will tend 
to slobber and have difficulty drinking water, but in contrast to man, there is 
no hydrophobia or fear of water. The diagnosis of choke or esophageal foreign 
body is often made. Cattle will often bellow incessantly in an altered charac
teristic low-pitched voice because of paralysis of vocal cords. There is 
increased sexual excitement in both male and female animals. Some of the 
animals will develop a furious stage and attack other animals, man, or 
inanimate objects such as trees, posts, or buildings. Cattle seldom bite during 
this excitement stage but may butt or charge moving targets. During this 
period, external stimuli such as bright lights, loud noises, or sudden move
ments may cause violent reactions, convulsions, and collapse. The animal 
may groan consistently and stare at its flank with apparent colic. Constipation 
is usually seen early followed by diarrhea as the disease progresses. Weakness 
of the hind quarters, a swaying gait, and "knuckling over" may be observed 
as the disease progresses. Progressive paralysis of muscles will follow. The 
animal will then collapse and eventually become comatose. Paddling and 
neural rigidity are often observed after the animal is down. Death can occur 
rapidly, but the disease usually progresses through various stages to complete 
paralysis and death over a period of from 4 to 7 days after the first signs are 
observed. 

Schneurrenberger et al. (1970) recorded the signs of 97 cattle that died of 
rabies on Illinois farms during the 1960s. Twenty-one of the cattle developed 
furious stages of the disease, 37 progressed quietly to a paralyzed state, while 
39 could not be clearly classified as either but exhibited some signs of 
excitement. The most common signs recorded in this field study were bellow
ing and excessive salivation. Twenty-one of the cattle developed paralysis of 
the hind quarters, while 20 had paralysis of the neck and throat and appeared 
to choke. 

The clinical signs of rabies must be differentiated from an esophageal 
foreign body and other conditions that may affect the peripheral or central 
nervous system. Acetomia in dairy cattle and hypomagnesemia will produce 
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Fig. 1. a and b (arrows): Cytoplasmic Negri body in neuron of cow. 
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some of the signs obvserved in an animal with rabies. Polioencephalomalacia, 
pseudorabies, neural infectious bovine rhinotracheitis, listeriosis, thromboem
bolic meningoencephalitis, and other viral encephalitic diseases will produce 
many of the signs seen in rabid cattle. 

Public health consideration 

Even though cattle may butt or attack man, they will seldom bite. Man is 
often exposed, however, because of the diagnosis of choke or esophageal 
obstruction with subsequent exposure because the farmer or veterinarian 
attempts to relieve the condition. The saliva of infected animals will often 
contain virus 3 - 5 days before clinical signs appear. Violent movements of the 
animal's head during examination may result in abrasions or cuts of the 
examiner's hands on teeth or objects being placed in the mouth. Contamina
tion of these fresh wounds with rabies virus then constitutes a serious 
exposure. Because help is usually required in treating these animals, mUltiple 
exposures of large numbers of people from a single animal often occur. 

Rabies should be a serious consideration in any animal with a suspected 
esophageal obstruction. Rubber gloves should be worn when examining the 
mouth, and hands should be washed immediately with a quaternary ammonia 
solution after examination. This is particularly important if the skin or any 
open wounds are contaminated with saliva. 

Precautions must be taken to protect both field and laboratory personnel 
when dealing with animals suspected of dying of rabies. Thick protective 
gloves, goggles, and protective clothing should be worn when opening the 
skull and spinal column. Rubber or strong plastic aprons that can be easily 
disinfected should be worn. Aerosols produced by the use of mechanical 
saws, high speed mixing, and centrifugation procedures must be considered. 
All procedures that might cause aerosols of infected tissue should be carried 
out in closed containers or negative draught hoods that can easily be disin
fected. 

Quaternary ammonium disinfectants in 1: 500 dilution, 45 - 70 % alcohol, 
1 % soap solution, or 5-7% iodine solutions kill rabies virus rapidly and are 
also indicated for the treatment of any wounds. All glassware, plasticware, 
and instruments used to handle tissues should be autoclaved while carcasses 
and animal tissues should be placed in plastic bags and incinerated. 

Any wounds contaminated with tissues or fluids of rabies infected animals 
should be washed immediately and thoroughly for several minutes with soap 
and water. Washing is a very important procedure in preventing infection. 
The washing should be gentle or prevent further traumatizing of tissues. All 
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soap should be removed before applying any of the chemical disinfectants 
mentioned above. Puncture wounds should be probed gently with a chemical 
disinfectant, and suturing of any gaping wounds should be delayed. Local 
infiltration of wounds with antirabies serum or human origin antirabies 
immunoglobulin should be carried out in additon to the washing and disin
fection procedure. Additional wound care procedures such as tetanus toxoid 
or antisera administration should be employed where indicated. Laborato!y 
workers, veterinarians, and others with a high exposure potential to rabies 
virus should have pre-exposure immunization. The antibody response to 
pre-exposure immunization should be determined to make certain that an 
adequate antibody level has been elicited. With a known pre-existing antibody 
titer and the known rapid anamnestic response to a subsequent booster dose 
of vaccine, recommended post-exposure procedures for immunized individu
als can be employed with reasonable confidence. Exposed individuals who 
have not received pre-exposure immunization should be treated according to 
the recommendations of the WHO Expert Committee on Rabies for post
exposure treatment. 

Pathogenesis and pathology 

Following inoculation of the virus, there is a local replication of the virus in 
epithelial cells or myocytes (Murphy et al., 1973b). This will occur at the 
initial site of entry of the virus into the host. Virions will cross neuromuscu
lar and neurotendinal spindles and move centripetally to the central nervous 
system via nervous pathways as the infection progresses (Johnson, 1965). 
Peripheral nerve axons support viral replication as it moves via dorsal root 
ganglia and the spinal cord toward the brain. The virus is spread centrifically 
from the central nervous system along axons of the trigeminal, facial, olfac
tory, and glossopharyngeal peripheral nerves into the salivary glands, taste 
buds, and olfactory cells, and from there into oral and nasal secretions 
(Murphy et al., 1973a). In infected salivary glands, there may be acute 
degeneration of the acinar epithelial cells and infiltration of the interstitium 
with plasmacytes and lymphocytes (Dierks et a/. , 1969). This is much more 
prominent in some carnivorous species, such as the fox, than in domesticated 
livestock. 

In the brains of cattle, the virus has a predilection for the brain stem and 
cerebellum. The microscopic lesions of infected animals are characterized by 
neuronal degeneration, perivascular lymphoid infiltration, and gliosis with 
glial nodule formation. The medulla, cerebellum, basal ganglia, spinal cord, 
and dorsal root ganglia may show various levels of histopathology (Cheville, 
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1975). Neurons infected with rabies virus may undergo cell swelling, but the 
cytopathic changes seen are often minimal despite large accumulations of 
viral antigen as evidenced by fluorescent antibody procedures or electron 
microscopy. Negri bodies, as seen by light microscopy, are developed as a 
result of the accumulation of large aggregates of dense granual viropiasm in 
the cytoplasm of infected cells. 

Immune response 

The immune response in cattle has been determined by following serum 
neutralization titers of vaccinated cattle, as well as challenge with street virus 
to determine the degree of protection following vaccination. Inactivated vac
cines and modified live vaccines are both utilized in cattle and will result in 
differing immune responses. The level of immune response and duration of 
protection will vary with the type and potency of vaccine used. Modified live 
virus vaccines will normally produce an immunity of relatively long duration 
(3 years or more), whereas vaccination with most inactivated vaccines will 
have to be repeated annually. Calves will receive temporary parenteral 
immunity via colostral antibody that will interfere with active immunization 
for as long as 6 months after birth. Calves of immune dams vaccinated with a 
modified live vaccine (ERA) up to 4 months of age usually died of rabies 
when challenged at a later date (Abelseth, 1975). It is essential, therefore, to 
consider the status of the dam when vaccinating calves. 

Both humoral and cellular immunity are elicited when an animal is exposed 
to rabies virus. Although a cellular immune response has not been demon
strated specifically in cattle, it has been studied in laboratory animals. Mice 
vaccinated intradermally with modified live ERA virus produced specifically 
sensitized lymphocytes harvested from lymph nodes as early as 3 days after 
vaccination with a peak cellular response present by day 6. Neutralizing 
antibody reached its peak level in serum 12 days after infection. The ability of 
sensitized lymphocytes to respond to viral antigen in an in vitro test was 
transient. The cellular response disappeared by day 20 postinoculation, but 
neutralizing antibody levels remained high. Reinfection 30 days after the 
primary infection resulted in a sharp increase in responsiveness of lympho
cytes to viral antigens as well as a sharp increase in neutralizing antibody 
levels (Hill, 1976). The peak cellular response to secondary stimulation was 
seen in 2 days and fell again to a baseline level by 16 days after challenge 
while circulating antibody levels remained at high levels. 

Live virus produced a stronger primary cellular response than ultraviolet 
light inactivated virus. Similar serological responses have been observed in 
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Fig. 2. Vampire bat (Desmodus rotundus) wounds on ear of a cow. 

cattle. The immune response produced by inactivated vaccines is dependent 
on the antigenic mass given, so a relatively large dose is required to stimulate 
an effective immune response. Modified live virus vaccines rely on replication 
of the virus in the inoculated host to produce the desired immunological 
response. 

Laboratory aids to diagnosis 

The laboratory diagnosis of rabies is routinely carried out in most countries of 
the world utilizing histological, fluorescent antibody, and animal inoculation 
procedures to confirm the presence of rabies virus. Negri bodies can be 
detected in impression smears or tissue sections following staining with Sell
ers, Giemsa, or Mann stains. The Sellers stain combines simplicity and a 
rapid easy identification of Negri bodies. Fluorescent antibody (FA) proce
dures are routinely carried out on tissues for the detection of rabies antigen. 
This test has the advantage of being rapid and specific. It has replaced 
histological examination in many countries. The indirect FA test and fluores
cent focus inhibition test are also utilized to measure antibody levels. 
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Mouse or other laboratory animal inoculation is also employed for rabies 
diagnosis. This procedure should be utilized in cases of suspected rabies 
where Negri bodies are not found and specimens are FA negative. Intercere
bral inoculation of mice is also used as a test system to determine the virus 
neutralization index of serum and for vaccine potency tests. Other tests such 
as complement fixation, hemagglutination, passive hemagglutination, gel dif
fusion, and radioimmunoassay have been utilized in rabies studies but are not 
generally utilized for routine diagnostic procedures. 

The brain is the routine tissue used to diagnose rabies in cattle. If the 
animal is decapitated in the field, the head should be cooled promptly and 
kept cold. It should be delivered to the laboratory by messenger, but if that is 
not possible, the head should be packed for shipment by express travel. It 
should be placed in a tin, heavy gauge plastic, or other water-tight container 
that can be sealed for shipment. Any sharp protruding bones should be 
wrapped with layers of newspaper to prevent any tears or punctures in the 
container. It is best not to freeze brain tissue if it can be preserved by cooling 
with wet ice during the transportation procedures. 

The brain and submaxillary salivary glands should be removed from the 
head in the laboratory for further examination. Negri bodies and viral antigen, 
when present, are most readily demonstrated in Ammon's horn (hippocampus 
major), in the pyramidal cells of the cerebral cortex, Purkinje cells of the 
cerebellum, and brain stem. Tissue from those portions of the brain should be 
utilized for histological or fluorescent antibody examinations. Details on these 
procedures can be obtained from many texts and laboratory manuals. A 
number of additional specialized diagnostic and research techniques are also 
used in well-equipped laboratories to study rabies infections and various 
parameters of the virus itself (Kaplan and Koprowski, 1973). 

Prevention and control 

Bovine rabies is prevented by immunization of the species as well as control 
directed at immunization of cats and dogs and population reduction of cats, 
dogs, terrestrial wildlife, and vampire bats. Attempts to vaccinate species of 
wild animals that serve as rabies vectors have not been very successful in 
controlling the disease in either the vector species or cattle. Reductions in 
wildlife populations have been successfully carried out by trapping, hunting, 
gassing, and poisoning. Reduction in numbers of a vector species has been 
demonstrated to effectively stop a rabies epidemic and lower the number of 
cases of rabies in cattle but are temporary in nature. 

Control of vampire bat rabies has been divided into two categories (Con-
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stantine, 1970). Nonlethal use of repellents, physical barriers, and roost 
destruction have been utilized to temporarily relieve a major problem. The 
use of lights, bat proofing animal quarters, dynamiting roosts, cutting roost 
trees, and other mechanisms have been utilized. Lethal population reduction 
techniques have been more successful in effectively reducing vampire bat 
rabies in cattle. Various poisons, rodenticides, insecticides, and herbicides 
have been used to destroy large numbers of vampire bats. Most recently, 
vampire bats have been controlled by using the anticoagulant, diphenadiane. 
The drug is administered either as a petroleum jelly paste on the back of 
captured bats or as a liquid form of the chemical injected into the rumen of 
cattle (Turner, 1975). The topical application method makes use of the fact 
that vampire bats spend much time grooming themselves and each other in 
the roost. The anticoagulant jelly is applied to the backs of bats captured in 
mist nets. The bats are then released and returned to their colony where they 
and their roost mates ingest the anticoagulant through grooming. Spontaneous 
hermorrhages occur in the wing webs and in the digestive tract, and the bats 
die of internal bleeding. With the intrarumenal injection technique, a dose is 
administered that will not harm cattle but will kill a vampire bat feeding on 
blood in which the anticoagulant is circulating. 

Effective rabies vaccines have also been developed for use in cattle. Inacti
vated tissue vaccines have been utilized with varying success. A suckling 
mouse brain vaccine used in most South American countries (Fuenzalida et 
aI., 1969) has been shown to effectively protect cattle for over one year. Other 
nervous tissue origin inactivated rabies vaccines are used to vaccinate cattle in 
Africa and Asia. 

Flury Low Egg Passage Chick Embryo Origin (LEP) vaccine has been 
shown to cause vaccine deaths in cattle and should not be used for immuni
zation in that species (da Salina and das Passas, 1966). Flury High Egg 
Passage Chick Embryo Origin (HEP-CEO) vaccine was shown to give reason
able protection when used properly in relatively high doses, but protection 
with a single dose of vaccine was relatively short-lived. HEP-CEO is currently 
being used to vaccinate cattle in several countries (WHO, 1979). A tissue 
culture origin vaccine (ERA) has been developed for use in domestic animals 
(Abelseth, 1975). This porcine tissue culture origin modified live vaccine is 
approved for use in cattle, horses, sheep, and goats, as well as dogs. 

Three factors must be considered when selecting a vaccine for use in cattle. 
It should have the ability to protect animals against exposure, it should be 
inexpensive, and it should produce a long duration of immunity. Inactive 
vaccines are used throughout the world. Large doses are often required 
because of low potency, and vaccination must be repeated annually. If HEP
CEO vaccine is to be used, it must be obtained from a manufacturer who has 
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met the established standards for potency, safety, and purity. Since it is grown 
in embryonated eggs, it is a difficult vaccine to prepare properly. It may be 
manditory to vaccinate 2 to 3 times per year if HEP-CEO is used to protect 
against vampire bat rabies. 

ERA strain vaccine has been proven to be effective in rather extensive field 
and laboratory trials (Abelseth, 1975). It is currently being used widely in 
Mexico to vaccinate cattle in the prevention of rabies from vapire bats. 

Both inactivated nervous tissue (mouse, goat, sheep, rabbit, calf) and modi
fied live (chicken embryo, tissue culture) vaccines are available that will 
effectively prevent rabies in cattle. Incidence, vector species, and other epi
demiological factors that exist in a given area or country must be taken into 
account in establishing a vaccination program that will effectively control 
rabies in cattle. 
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10. FOOT-AND-MOUTH DISEASE 

1. B. Brooksby 

Abstract. Foot-and-mouth disease affects cloven-footed animals, both domestic and 
wild, in most regions of the world except North and Central America, Australia, New 
Zealand and Japan. 

The virus is a member of the Picornaviridae. Seven main serotypes are known and 
include a large number of subtypes which pose a significant problem in vaccinating 
against the disease. Spread takes place very readily by direct contact between animals 
and by the airborne route. Internationally, trade in meat and other animal products 
has led to spread to clean areas. 

Diagnosis is by clinical observation backed by serological tests for differentiation 
from other vesicular conditions of livestock such as vesicular stomatitis and swine 
vesicular disease. 

Control in areas suffering sporadic infection is best achieved by slaughter, destruc
tion of infected carcases and disinfection. Where the disease is endemic, vaccination 
campaigns reduce the incidence and, in the absence of reimportation of virus, can lead 
to eradication. 

Synonym,' apthous fever. 

Foot-and-mouth disease is an acute febrile disease which affects cloven-footed 
animals. It is characterized by vesicle formation on the tongue, in the mouth 
and on the feet, particularly at the margin of the hoof. Vesicles also occur on 
the teat and mammary gland and in the rumen. In young animals degenera
tive changes occur in muscle, and extensive involvement of the cardiac 
muscle can result in death. Human infection is recorded but is rare. 

Etiology 

The disease is caused by a small virus about 25 nm in diameter. The virion 
contains about 30% RNA enveloped in a protein coat. There are four major 
polypeptides with molecular weights ranging from 30 000 to 10000. The 
RNA is a single. stranded continuous segment with a molecular weight of 
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2.6 x 10 6 • RNA sequence homology studies by hybridization reveal differences 
between all seven antigenic types. The greatest differences are between the 
group of types 0, A and C and Asia 1 on the one hand and SAT 1 , SAT 2 
and SAT 3 on the other (Robson et al., 1977). 

The virus is most stable between pH 7.4 and 7.6 and rapidly destroyed by 
acid or alkali. It survives well below 4°C and may be stored for many years 
at temperatures below freezing. Resistance to heat varies with the strain; 
most field strains are inactivated by heating at 56°C for 30 min but a number 
of laboratory strains have shown an ability to resist even 80 °C for several 
hours. 

There are seven serological types: ° and A (Vallee), C (Waldmann), SAT 1, 
SAT 2 and SAT 3 (Southern African Territories), and Asia 1. These types are 
antigenically distinct and recovery from infection with one confers no 
immunity against subsequent infection with another. Within the main antig
enic types there are sub-divisions which can be sufficiently important to 
require the selection of strains for the preparation of vaccines for the regions 
where they occur. These subtype variations range from those which are 
detectable experimentally but have no epidemiological significance to differ
ences which are almost as great as that between the separate antigenic types. 
Thus, the An strain which spread through the Middle East into Russia and 
Turkey in 1965 -66 is so different from the classical European A strains that 
the immunity of recovered animals can be broken in about 5 % of cases. 

Distribution of the disease 

The disease is widely distributed throughout the world and has been reported 
in almost all countries, with the exception of New Zealand and Japan (F AO/ 
WHO/OlE Yearbook, 1977). Some countries, however, have only occasional 
outbreaks and by using strict import controls on possible sources of infected 
material manage to maintain freedom for many years. The disease has not 
occurred, for example, in Australia since 1872, the United States have been 
free since 1929 and Canada has suffered only one outbreak - in 1952. The 0, 
A and C types are widely distributed in Europe, South America and Asia, 
types ° and A occurring more frequently than type C. In the last two decades 
types 0, A and C have spread to affect a wider area in Africa. Formerly they 
were restricted to countries north of the Equator but they have now appeared 
as far south as Angola, Namibia and Mozambique. The three SAT types also 
appear to have extended their range though, as surveillance in many countries 
is of recent date, the data recorded may reflect the detection of a situation 
which has existed for some years. SAT 1 and SAT 2 are more common than 
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SA T 3, which has been confined to a few areas in southern Africa. From time 
to time the prevalence of SAT 1 or SAT 2 appears to increase in several 
countries more or less simultaneously but major waves of the disease are not 
generally obvious, in contrast to the situation in Europe during 1951-52. 
When type SAT 1 spread through the Middle East from the end of 1961 
onward it moved extremely rapidly, reaching European Turkey in the autumn 
of 1962, probably because this type had gained entry to a totally susceptible 
population. The seventh type, Asia 1, was first observed in Pakistan but has a 
wide distribution from Hong Kong and Thailand in eastern Asia to the 
eastern Mediterranean countries. It spread into Turkey in 1973 but would 
now seem to have been eradicated from that country. 

Surveillance of foot-and-mouth disease in tropical and sub-tropical coun
tries is rarely good enough to give a true indication of the level of endemicity. 
The general picture which emerges is one of long periods when cases of the 
disease are relatively few and far between and the irregular occurrence of 
more severe spreading disease affecting possibly up to 80% of the animals in 
herds which are attacked. The situation probably results from the interplay of 
host immunity and virus, complicated by the existence of the different antig
enic types and subtypes. Among the domestic animals cattle, pigs and sheep 
are most commonly affected but, although the signs are less obvious in goats, 
they may be important as a reservoir of infection. Many wild species of 
ungulate have been reported to have been affected by the disease. Important 
observations have been made on the behaviour of the disease in the Cape 
buffalo, which acts as a carrier animal (Hedger, 1972). Overt signs of the 
disease are infrequent but the virus is maintained in herds over many years 
and can be recovered from the pharynx. Young animals regularly become 
infected at six months to one year of age and appear to remain carriers for 
several years. Transmission from buffalo back to cattle has not been affected 
under strictly controlled conditions but circumstantial evidence suggests that 
it may take place from time to time when ecological conditions are appro
priate. Other wild ruminants may occasionally carry virus and waves of 
infection have been seen in eland and other animals, including smaller antel
opes such as impala. From such outbreaks of disease cattle may have become 
infected but it is probably equally common for game animals to have become 
infected through contact with diseased cattle. The susceptibility of deer varies 
from species to species (Forman, 1974) but they do not appear to have played 
a major role in the spread of the disease. Many other species of small animal 
have been infected experimentally and, in one instance, infected hedgehogs 
were found to be associated with outbreaks in Britain. Some birds, including 
domestic fowls, can be infected experimentally but this has not so far occur
red in the field. 
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Epidemiology 

The disease spreads extremely readily. When an atypical type of virus appears 
in a region which it has not hitherto affected, spread proceeds very rapidly. In 
tropical countries it is likely that spread takes place mainly by direct contact 
between animals. All fomites are infective and contaminate the environment 
of an infected animal. Airborne spread can take place in temperate countries 
over considerable distances (Report - Committee of Inquiry on Foot-and
Mouth Disease, 1969). In tropical regions airborne spread is likely to be 
limited to the nighttime when humidity is high. Where accurate records exist, 
the incidence of the disease is found to peak in the cool season - probably 
linked to the greater facility of spread in damper air. Since the virus can 
survive on material commonly found close to animals - such as hay and 
straw - movement of the materials can lead to spread of the disease. 

The milk of infected cows may contain high titers of virus and provides 
another source of indirect infection (Report - Committee of Inquiry on Foot
and-Mouth Disease, 1969). The virus will also survive in the tissues of 
animals slaughtered for meat, although it is inactivated in the musculature 
following rigor mortis (Henderson and Brooksby, 1948). Lymph nodes, offals 
and bone marrow, however, will remain infective and may be responsible for 
the movement of virus on an international scale. This is probably an infre
quent occurrence in tropical countries but may in the future have an impor
tant effect on prospects of establishing trade in carcase meat from tropical 
areas to more temperate regions and countries where the disease has been 
controlled. 

Clinical signs 

The disease is generally not fatal but can vary widely in severity in accord
ance with the strain of virus involved and the immune status of the popula
tion. It is more serious in highly bred animals and those in good condition. In 
tropical countries among native stock the disease is usually mild and may be 
limited to lesions in the mouth without spread to other areas. Falconer (1972) 
in Botswana has described an "occult" form in which small and insignificant 
lesions are found in a few cattle in the herd and there appears to be little 
tendency to spread to other animals. Nevertheless, the disease continues to be 
present in the herd and may appear in a more severe form at any time. The 
mildness of disease between major outbreaks is probably the result of partial 
immunity derived from previous contact with virus and the susceptibility of 
native breeds of animals. The virus itself is still fully virulent, as was shown 
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when it was recovered from animals showing mild disease in southern Africa 
in the 1930s and passaged in European cattle. The disease which resulted was 
as severe as that produced by strains recovered in temperate climates. Severe 
lesions sometimes occur in native breeds, most probably when there is little 
immunity in the population to a new strain which has arisen or been 
imported into the region. 

In severe disease the typical picture is of rapidly developing vesicular 
lesions in the mouth, especially on the tongue and around the muzzle, on the 
coronary band and interdigital space of the feet, on the udder and (on post 
mortem examination) in the rumen and sometimes other parts of the alimen
tary tract. The epithelium of the vesicles is lost and there may be secondary 
bacterial infection of exposed areas. Foot lesions of this kind result in severe 
lameness which may be complicated by the loss of the horny covering of the 
foot. Mastitis is seen in dairy animals and frequently leads to loss of the 
mammary function in the quarters concerned. There is marked loss of condi
tion and, together with lameness, this may produce serious economic sequelae 
in the case of animals used for draught purposes. In young animals the 
disease can take a more generalized form, with lesions in the musculature and 
especially in the myocardium. This may lead to death of calves and piglets. In 
India, a syndrome called" panting" has been described; it is suggested that 
this is linked to pituitary lesions and loss of thermal regulation. 

Pathology 

Lesions begin with pycnosis of the nuclei of the cells of the basal layer of 
stratified epithelium, most frequently on the tongue or in the epithelium of 
the coronary band of the foot. Virus recovery studies suggest that the initial 
site of infection after exposure is in cells of the dorsal surface of the soft 
palate or on the lateral walls of the pharynx but there is little sign of the 
development of the characteristic lesions at these sites. On the more obvious 
sites in the mouth and on the feet, vesicles develop rapidly and loss of the 
epithelial covering takes place within 12-24 h. In the absence of secondary 
infection, the resulting ulcers heal quickly. Scarring takes place when secon
dary infection occurs and bacterial invasion of the lesions on the feet leads to 
severe damage and sometimes loss of the horny covering of the feet. Primary 
mastitis may occur, apparently due to virus multiplication in the mammary 
gland, but the changes are not characteristic of foot-and-mouth disease and 
usually progress with bacterial involvement. In muscle, especially in the 
heart, there is acute degeneration of the cell fibers. The characteristic sign of 
infection at this site in the calf is a striped appearance of the musculature 
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which has been described as "tiger heart". In the young animal death may 
follow through muscular involvement without the characteristic vesicular 
lesions. 

Less typical lesions of the disease may result in necrosis of the epithelium 
without true vesicle formation. This is frequently seen in indigenous cattle in 
tropical regions and may result in no more than the loss of the superficial 
layers of epithelium as brown necrotic material, with rapid healing. In these 
circumstances, differential diagnosis may be difficult and it may be necessary 
to passage material into an obviously healthy animal to assist in diagnosis. In 
such a case difficulty may arise where the animal chosen has had previous 
contact with the disease and so fails to react. 

In endemic areas the disease may be confused with rinderpest and possibly 
with bovine viral diarrhea. The typical mouth lesions in foot-and-mouth 
disease, however, involve the epithelium to a greater depth and the ulcer has 
characteristic underrun edges. 

Other vesicular diseases of animals which are sometimes extremely difficult 
to differentiate from foot-and-mouth disease are vesicular stomatitis, vesicular 
exanthema of swine and swine vesicular disease. While all three differ in their 
epidemiological characteristics, clinical differentiation in the case of a single 
animal showing lesions can be well nigh impossible. Diagnosis then depends 
on the laboratory examination of material by serological methods, by electron 
microscopy and by studies of the host range of the virus involved. 

Immune response 

Approximately 3 days after the appearance of lesions, antibody can be 
detected in the serum and the antibody titer increases rapidly to a peak at 
from 21 to 28 days. The initial class of antibody is IgM and the specificity of 
this is less than that of the IgG which follows it. With declining titers, 
antibody will persist for 2 to 4 years or even longer. Immunity to the 
homologous strain of virus depends on the route of infection chosen for 
challenge of the recovered animals. Lesions can be produced by inoculation of 
virus into the susceptible tissue of the tongue within six months in some 
cases but contact infection is unlikely within 2 to 4 years. There is no cross 
immunity against virus of other types. The duration of immunity against a 
heterologous strain or subtype is difficult to predict since it depends on the 
antigenic relationship between the new strain and the original infecting strain. 
After vaccination, the immunity reflects the efficiency of the vaccine used but 
is in all cases less than that following recovery from infection. Where vacci
nation campaigns are being carried out it is necessary to revaccinate at 
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intervals which depend on the exposure to infection which animals are likely 
to encounter. In some cases, annual vaccination has been satisfactory but in 
general repeated inoculations at six-monthly intervals have been necessary. If 
there is risk of exposure to heterologous strains, the need for repeated vacci
nation becomes even greater. 

Laboratory aids to diagnosis 

In countries where the disease is endemic, little difficulty is usually encoun
tered in deciding that the condition met with is or is not foot-and-mouth 
disease. If laboratory confirmation is required, it is usually given by comple
ment fixation test in which antisera against all seven types are used. If good 
antigenic material has been collected from lesions in the field, this test will 
provide an answer within 2-3 h of receipt of the material in the laboratory. If 
the material is poor in virus or viral antigen, however, it may be necessary to 
passage it in tissue culture or in experimental animals such as mice. The time 
taken to provide a diagnosis will then be lengthened to 2 to 3 days. If a new 
strain is encountered - indeed a new antigenic type - it may be necessary to 
carry out extensive investigations involving cattle and proceed to a full virus 
characterization by physical and chemical methods. 

The tests referred to also differentiate foot-and-mouth disease from vesicu
lar stomatitis, vesicular exanthema of swine and swine vesicular disease. 
Vesicular stomatitis occurs in the United States and Central America and in 
some parts of South America. Vesicular exanthema occurred in parts of the 
United States from 1930 to 1956 but has apparently been eradicated. Swine 
vesicular disease has occurred in Hong Kong and Japan and possibly in some 
other countries of the Far East. It has also been seen in a number of 
European countries but may well have extended its range to tropical or 
sub-tropical regions. Inclusion of the appropriate sera in a complement fixa
tion test or the employment of the electron microscope, if one is available, 
can give rapid differentiation of these viruses. 

Prevention and control 

The policy which should be adopted by a country in relation to foot-and
mouth disease is dictated by its initial status. If the country is free from the 
disease, the policy must be directed at preventing its importation and, in 
addition, defining the measures which would have to be taken should the 
disease be imported. First of all, the control of importation must cover the 

129 



introduction of live animals from areas where the disease exists. If imports of 
such animals are essential for schemes of livestock improvement or for other 
purposes, the importation should only be undertaken under strict regulations 
covering tests on the animals for carrier virus and for the presence of antibo
dy in the serum and with appropriate quarantine both at the country of origin 
and on arrival in the importing country. If possible, imports should be limited 
to young stock which have not been vaccinated so that if antibody is found, 
there is evidence of exposure to virus and more rigid tests can be applied in 
the search for virus. Unvaccinated animals are also preferred as they are less 
likely to be in a state of inapparent infection. 

Prohibition of importation of animal products is the next measure to be 
applied. The principal risk attaches to carcases and offals. The risk from 
boned and prepacked meat and cooked meat is minimal. Pork and mutton 
represent a slightly greater hazard than beef and are less likely to be imported 
as prepacked products. In the tropical zone these regulations are most impor
tant to countries of Central America, since in Africa and Asia meat trade to 
free areas is small in volume. In countries where the disease is limited to a 
certain region (and this is rare), spread to free areas must be controlled in 
somewhat similar ways to those described in relation to whole countries. 
With control programs involving the creation of "free areas" from which 
meat might be exported, rules are being drawn up to govern the protection of 
such areas from surrounding areas where the disease may be present. 

Turning to control measures for countries in which the disease occurs, even 
infrequently, a decision must be taken as to the economic practicability of 
dealing with the disease. This demands some assessment of the cost benefit 
from a control program and the results of such a study will influence the kind 
of program which can be practiced. If outbreaks are sporadic and limited to 
relatively small units, it may be possible to proceed directly to a slaughter 
policy. If, however, the disease is more widespread and if there is no very 
obvious barrier to importation from neighboring countries, the policy is likely 
to be one of prophylactic vaccination in an attempt to bring the disease under 
control and in the end achieve eradication, when a slaughter policy may 
become the most cost-effective method. 

Vaccines against foot-and-mouth disease have been of two kinds: living 
modified strains and inactivated vaccine. The living modified strain vaccines, 
although satisfactory in some conditions, have not proved as safe and reliable 
as might be desired and the agents at present in use are inactivated vaccines 
prepared by the growth of virus in tissue culture and its inactivation by a 
variety of agents. The resultant product is then formulated with an adjuvant 
for inoculation. 

As has been referred to above, successful prophylactic campaigns must be 
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based on repeated vaccinations and the organization of such campaigns 
depends on attention to many details so that adequate coverage of the 
population is maintained. Young stock must be vaccinated, preferably within 
the first six months of life and again before a year. Because of the difficulty of 
covering the population against all possible variant subtype strains, a vaccina
tion campaign should be supplemented by movement controls to guard 
against importation of virus into the vaccinated areas and also against the 
development of new variant strains at the borders of the area. 

The vaccination of cattle and sheep presents relatively little difficulty. Pigs 
are more difficult to immunize successfully and, although in the last few 
years an oil adjuvant has been employed, there are still difficulties in the 
prophylaxis of the disease in a pig population. Frequently, if pigs represent 
only a small fraction of the domestic animals in the country, it would seem to 
be adequate to vaccinate cattle and possibly sheep and deal with any outbreak 
in pigs by ring vaccination as and when it occurred. Little can be done to deal 
with the prevention of infection in the wild ungulate but experience in East 
Africa and in Botswana suggests that if the disease is kept under control in 
the domestic animal population, it will also be reduced among the free-living 
wild animals with the possible exception of the Cape buffalo. Information is 
still lacking on the possibility of eradicating the disease from such areas where 
the wild animal reservoir exists and it may be that continuing vaccination will 
be necessary until some other approach to control is found. 

Problems also exist in dealing with immunization in mixed populations of 
domestic stock where cattle improvement schemes have taken place and there 
exist nuclei of high-yielding animals. Immunization of the population at large 
may not be economically possible since the value of the individual animal 
will not be sufficiently high to justify the cost of vaccine. With the vaccines 
at present available it is difficult to guarantee the continuing protection of the 
high-grade animal against constant risk of exposure to viruses which may be 
circulating in the indigt!nous stock. Once again, improvement in vaccine or 
the discovery of alternative methods would seem to be the only solution to 
this problem. Living vaccines have been suggested in this connection but the 
difficulty has arisen that, with the multiplicity of strains against which vac
cines would be required, the task of providing well-controlled, safe and 
immunogenic vaccines is expensive and difficult. There is still need for field 
investigations on the methods most suitable for immunoprophylaxis in many 
tropical countries. 
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11. RINDERPEST 

Hugh W. Reid 

Abstract. The principal features of rinderpest virus infection of cattle are described. 
Following a brief historical introduction, the current classification and physical charac
teristics of the virion are detailed. The characteristics of epizootic and enzootic occur
rences of rinderpest in cattle and the role of other species in the transmission of the 
disease are elucidated. Clinical signs and pathogenesis are considered with reference to 
the course of viral replication and excretion. The role of active and passive humoral 
immunity in protection against the disease and the development of live and killed 
immunogens capable of inducing protective immunity are discussed. Methods of 
diagnosing rinderpest and the diseases likely to create differential diagnostic problems 
are considered. It is concluded that the application of control procedures, which 
includes systematic vaccination with tissue culture propagated virus, could ensure the 
global eradication of rinderpest. 

Synonym.' Cattle plague. 

Rinderpest or cattle plague is an acute or subacute contagious viral disease 
characterized by necrotic lesions in the mouth and gastrointestinal tract and 
destruction of lymphocytes. All species of Artiodactyla (even-toed ungulates) 
are probablY susceptible but it is in cattle that the disease is of greatest 
importance. Its distribution now is restricted to North Africa, the Near East, 
the Indian subcontinent and parts of Asia, but in the last hundred years it has 
ravaged cattle populations throughout the world. 

The earliest descriptions which unambiguously identify rinderpest date 
from the European epizootic of 376-386 AD. Thereafter, epizootics in Europe 
regularly succeeded the movements of armies with their trek oxen. The need 
to control the disease was instrumental in establishing veterinary colleges and 
state veterinary services during the 19th century. 

Trade cattle brought rinderpest to Great Britain in 1865 and 420000 cattle 
perished before its eradication was achieved by quarantine and slaughter. The 
application of similar legislation in other European countries ensured that 
rinderpest was controlled by the latter part of the 19th century. Subsequent 
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introduction of the disease to Belgium in 1920, Italy in 1951 and 1954, Brazil 
in 1920 and Australia in 1923 was rapidly stamped out. 

Self limiting' outbreaks in North Africa in 1805, 1828 and 1865 were 
followed in the 1890s by a devastating Panafrican epizootic believed to have 
originated from the importation of Indian cattle to Somaliland in 1889. The 
toll of domestic livestock and wildlife was immense. Between 80% and 95% 
of all cattle, buffalo, eland, giraffe, wildebeest, kudu and other antelope died; 
the social and economic effects were profound (Mack, 1970). 

In South Africa, at that time the only African country with an extant 
veterinary service, an estimated 2! million cattle died before the disease was 
finally eradicated in 1905. Control in the rest of Africa was slow, national 
programs seldom achieved more than temporary respite and it was not until 
coordinated international programs were instigated in the 1960s that the goal 
of total eradication came close to being realized. Political vagaries and lack of 
attention to conservatory measures contribute to the persistence of rinderpest 
in northern Africa which continues to threaten the rest of the continent. As 
in Europe, the development of African national veterinary services was large
ly in response to the need for rinderpest control. Rinderpest absorbed the 
greater part of veterinary research and development while other livestock 
diseases were neglected. Only now are the other diseases being given the 
attention they deserve . 

. ....... "... 

FI/!,. I. Distribution of rinderpest recorded in 1977. The shaded countries are those reporti ng the 
presence of ri nderpest. 
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Rinderpest persists in the Near East, periodically breaking out in epizootics, 
reaching as far west as Turkey in 1970. National control programs so far have 
failed to eradicate the disease from India, Pakistan or Nepal. In the rest of 
Asia, eradication programs have progressively eliminated the disease though 
it was still present in Vietnam in 1977. The distribution of rinderpest as 
reported in the 1977 statistics of the Office International des Epizooties is 
shown in Fig. 1. 

Etiology 

Rinderpest virus is an enveloped RNA virus belonging to the genus Morbil
livirus (medieval Latin morbili = measles) of the family Paramyxoviridae. 
The roughly spherical virions have a diameter of 100-150 nm but larger 
filamentous forms also occur. All isolates are antigenicaIIy identical and 
related to the other morbiIIiviruses comprised of measles, canine distemper, 
and peste des petits ruminants (PPR) viruses. The latter causes a rinderpest
like syndrome of sheep and goats in West Africa (Fig. 2). Despite this close 
antigenic relationship, hemagglutination has been demonstrated only with 
measles virus although rinderpest infected cattle do produce antibody which 
inhibits measles virus hemagglutination (Kingsburn et al., 1978). 

Infectivity of the virus is rapidly destroyed by ultraviolet light, more slowly 
by diffuse daylight and it is heat sensitive. Lyophilized virus is, however, 
relatively stable with a half life of approximately 9 weeks when stored at 
+4°C and >5 years at -20°e. Viral stability is optimal at pH 7.2-8.6 and 
minimal below pH 3 or above pH 11. Chemical inactivation of infectivity is 
achieved by lipid solvents, fi-propiolactone, glycerol, formalin and phenol 

Fig. 2. Diagramatic representation of the antigenic relationship between rinderpest virus (R) and 
measles virus (M). canine distemper virus (CD) and the virus of peste des petits ruminants (PPR). 
The shaded areas indicate the extent of cross reactivity. 
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disinfectants. The tremendous potential of tissue culture techniques was first 
exploited by Plowright and Ferris (1959, 1962) who found that rinderpest 
virus could replicate and produce readily recognizable cytopathic changes in 
monolayer cultures of bovine kidney cells. It has subsequently been shown 
that rinderpest replicates with the production of cytopathic effects in a wide 
variety of primary and continuous cell cultures from cattle, buffalo, sheep, 
goats, dog, rabbit, hamster, humans, monkey and chick embryo. Primary and 
low passage bovine calf kidney cell cultures have been most extensively used 
although continuous cell lines are becoming increasingly popular. All strains 
of rinderpest virus have been found to replicate in tissue culture although 
considerable difficulty was experienced in adapting strains that had been 
serially passaged many times in goats or rabbits. 

The cytopathic changes observed in monolayer cultures are characterized by 
the formation of small foci of rounded refractile cells, stellate cells and small 
syncytia which may progress to extensivelY involve the monolayer. In stained 
preparations, eosinophilic intranuclear and basophilic intracytoplasmic inclusions 
can be seen. 

Epizootiology 

Epizootic and enzootic rinderpest present two distinct patterns. Epizootics of 
rinderpest are typified by high mortality, frequently in excess of 90 %, affect
ing all ages and spreading rapidly, particularly along cattle trade routes. In 
contrast, where rinderpest is enzootic, the disease is generally of a milder 
nature primarily affecting one- to two-year-old animals while the adult popu
lation is immune from previous exposure and the calves are protected by 
colostral antibody. 

Rinderpest epizootics in areas where infection has been absent have almost 
invariably arisen due to the movement of live infected animals; imported 
meat or animal products have seldom been implicated. Nomadic migration of 
livestock over long distances, particularly in Northern Africa, and movement 
of cattle for trade purposes with inadequate quarantine supervision continue 
to perpetuate cattle plague. 

The principal route of natural transmission of rinderpest is by aerosol. 
Experimental infection by the oral route only irregularly succeeds whereas 
infection can regularly be established by intranasal inoculation or aerosoliza
tion. Nasal excretion of virus occurs in a greater proportion of infected 
animals over a longer period of time and at higher titers than by any other 
route. It is probable that this portal of entry and shedding is of predominant 
importance in transmission of the disease. Close contact is necessary, howev-
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er, for experimental transmission of virus from infected to susceptible cattle 
and transmission does not occur over distances greater than a few meters. 
The probable explanation for this limitation is that infection is generally 
spread by fairly large droplets which are rapidly deposited, and that the 
concentration of virus in small droplets, capable of moving greater distances, 
is insufficient to establish infection (Hyslop, 1972). 

Aerosol dissemination should not, however, be regarded as the sole mode 
of virus transmission. Paddocks devoid of vegetation from which sick animals 
had been removed remained infective to susceptible cattle for 6 to 8 h in 
sunlit areas and for 19 to 24 h in shaded areas. Infectivity can be retained on 
grass for 24 to 36 h and in buildings for up to 3 to 5 days after removal of 
sick animals. Thus, although close contact of infected animals is generally 
required to ensure transmission, infection of susceptible animals can occur by 
less direct routes. 

A possible method of transmission by infected meat or animal products has 
attracted considerable attention. This has been of particular concern to rinder
pest-free countries when assessing the desirability of importing meat from 
areas where rinderpest may be present. Furthermore, pigs can be infected by 
the oral route and can transmit virus to cattle. The danger of importing 
infected meat which subsequently might be fed to pigs in inadequately ster
ilized swill is obvious. 

Meat will retain infectivity at + 2 °C to + 7 °C for up to 7 days while in 
lymph nodes this period is 55 days. Infectivity in frozen meat is likely to 
survive indefinitely but will not survive in meat that has become putrid or 
autolytic. There is a definite risk, therefore, of importing rinderpest into 
disease-free areas in meat, particularly if it is frozen. However, meat was 
imported into Europe without disease incidence in 1917 and during the 
1940-45 war from areas where rinderpest was enzootic. Thus, although there 
is a theoretical risk of transmission by infected meat, the relative fragility of 
rinderpest virus makes this means of transmission of little importance (Anon, 
1976). 

Apart from cattle and water buffaloes, all species of Artiodactyla are proba
bly susceptible to rinderpest and some have been shown to have important 
epizootiological roles. Small domestic ruminants have generally been consid
ered unimportant in the epidemiology of rinderpest. In India, however, there 
has been an increasing incidence of disease in these species. It has been 
suggested that this may have been due to the adaptation of virus to goats in 
the preparation of vaccine. Goats imported from India to feed troops were 
responsible for introducing the disease into Malaya and Ceylon. Furthermore, 
as national and international cattle vaccination programs have progressed, 
infection of sheep and goats has been a cause for increasing concern. Inci-
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dents of confirmed outbreaks in sheep in Africa and India have often been 
severe and in the Sudan it was considered necessary to include small rumi
nants in the vaccination campaign. Small ruminants are therefore capable of 
playing a role in the maintenance and dissemination of rinderpest. 

Except in India and Asia, natural infection of pigs has not been recorded. 
In Asia, infection of pigs has frequently been reported, especially in the 
southeast where this species may be important in the maintenance and 
dissemination of infection to cattle and buffalo. 

Many wild animal species have been shown to become infected with 
rinderpest virus. This has been of particular concern in Africa where vast 
herds of antelope and buffalo are present. There can be little doubt that these 
great herds had an important role in the rapid and extensive spread of 
rinderpest during the African panzootic at the end of the 19th century when a 
large proportion of these wild animals died. With the eradication of rinderpest 
from among domestic animals, an increasing proportion of the wild animal 
population has become susceptible and there are now few immune animals. 
Were rinderpest to be reintroduced, not only could one anticipate a high 
mortality in these species but they would contribute to the dissemination of 
virus to susceptible domestic livestock. 

Clinical signs and pathogenesis 

The severity of the clinical response of cattle to infection with rinderpest virus 
varies greatly, depending on the virulence of the virus strain and the innate 
resistance of the cattle. Some strains of virus will produce a rapidly fatal 
disease in a high proportion of cattle of all breeds while at the other end of 
the scale there are strains which produce only a mild disease with few 
fatalities in the more resistant breeds of cattle. These less virulent strains 
have generally been associated with enzootic foci. Similarly, cattle breeds 
show a wide spectrum of innate susceptibility; thus the use of goat-adapted 
virus vaccine which proved satisfactory in Indian plains cattle produced a 
severe reaction in Himalayan cattle. Similarly, a rabbit-adapted virus vaccine 
can safely be inoculated into most breeds of cattle but causes a severe clinical 
response and 30% mortality in Japanese cattle. European breeds are generally 
much more susceptible than zebu cattle and among them Channel Island 
breeds are the most susceptible. 

It is therefore clear that rinderpest may present a wide spectrum of clinical 
features depending on virus and host characteristics. Classically, however, the 
clinical picture presents four phases: incubation, prodromal, mucosal and 
convalescent (Table 1). These four phases and their relationship to viral 
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infection have been established in the classic studies by Plowright (1964, 
1965) and his colleagues (Liess and Plowright, 1964). 

Incubation phase 

This period lasts from the time of infection to the start of the febrile response 
and has been shown to vary according to the route of administration, dose 
and strain of virus used, but is generally accepted to be 2 to 9 days. Following 
contact, however, precise limits are not readily defined as it is not possible to 
establish exactly when infection occurs, but the prodromal phase may not 
commence for up to 15 days after exposure to virus excreting cattle. Natural 
infection is probably via the mucosae of the upper respiratory tract and 
initial viral replication occurs in the pharyngeal lymph node. Hematogenous 
spread thereafter disseminates virus to the spleen and other lymphopoietic 
tissues. Further dissemination rapidly follows to the lung, bone marrow and 
mucosal membranes of the whole respiratory and alimentary tracts. High 
titers of virus may be present in nasal secretions and affected tissues prior to 
the development of a febrile response. 

Prodromal phase 

This period is defined as extending from the initial febrile response to the 
appearance of mucosal lesions in the mouth and by definition lacks any 
specific clinical signs of diagnostic value. It generally lasts for 3 days but can 
be as short as 1 day or as long as 6 days and is characterized by the rapid 
onset of fever reaching peak temperatures of 40-41.7 °C by the second or 
third day. Initially, no other clinical signs can be observed al though a loss of 

Table 1. Principal clinical features of rinderpest. 

Duration 
Fever 
Mucosal lesions 
Diarrhea 
Death 
Virus excretion in: 

Nasal secretions 
Urine 
Feces 

Stage 

Incubation Prodromal 

2 to 15 days I to 6 days 

Mucosal Convalescent 

3 to 5 days 2 to 6 days 
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milk yield in dairy animals may occur. During the second and third days 
animals become increasingly depressed, restless and anorexic. The muzzle 
becomes dry and there may be a serous nasal discharge which tends to 
become increasingly profuse and mucopurulent. Excessive lacrimation may 
also be present. Visible mucosal membranes are hyperemic and may be 
abnormally dry. Rumination is depressed and animals are constipated and 
pass firm dry feces coated with mucus which may be streaked with blood. 

Viral titers in all tissues increase exponentially and plateau during this 
phase. Highest titers are found in the lymphoid and lymphoepithelial tissues 
where they can reach 10 7 to 10 8 infectious units per gram in the cephalic 
lymph nodes. Virus may be present in nasal secretions but titers are generally 
low at this stage. It should be kept in mind that cattle can excrete virus for up 
to 6 days before the appearance of mucosal lesions. 

Mucosal phase 

This is the period when the specific clinical signs of rinderpest are observed. 
Initially small foci of necrosis and erosion appear in the mucosal membrane 
of the oral cavity followed by the development of diarrhea. This phase ends 
in death or the onset of convalescence and may last for 3 to 5 days. 

External symptoms may become increasingly severe. Respiration is acceler
ated and shallow, frequently of an abdominal type which in the terminal 
stages becomes labored and may be accompanied by expiratory grunting. The 
muzzle becomes dry and cracked and the nasal discharges may be streaked 
with blood. Historical descriptions of rinderpest frequently mention skin 
lesions but contemporary reports seldom refer to them. 

The first oral lesions are small (1 to 2 mm in diameter) greyish areas of 
necrotic epithelum surrounded by a zone of hyperemia affecting the lower lip 
and adjacent gum. These necrotic foci detach leaving hemorrhagic erosions 
They are generally first seen on the lips and gums, often extending to affect 
the tongue, floor of the mouth, buccal papillae, dental pad and ridges of the 
hard palate. The dorsum of the tongue may develop deep yellowish necrotic 
plaques. The areas of necrosis become extensive and the epithelium is 
sloughed leaving hemorrhagic erosions. Frequently there is excessive saliva
tion. The pharynx may also become involved and in the severely affected 
animals the areas of necrosis extend to the entire epithelium of the buccal 
cavity with widespread thick yellowish accumulations. The nasal cavity may 
be extensively necrotic involving the nares and turbinates. In the severely 
affected animals, exhaled air has a repulsive fetid odor. The mucosa of the 
vulva and vagina may become affected. 

Diarrhea usually does not appear until one or two days after the develop-
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ment of lesions in the buccal cavity. Initially, large volumes of watery feces 
are voided which often contain excessive mucus streaked with blood; the 
feces become increasingly blood stained and may contain fragments of necrot
ic epithelium and blood clots. Animals become progressively dehydrated and 
may die shortly thsreafter. Death generally occurs 3 to 9 days after clinical 
signs develop. 

At the beginning of the mucosal phase, tissue virus titers are still maximal 
but rapidly decline as the disease progresses. The highest titers of virus in 
body excretions are reached during this period, consistently being greatest in 
nasal discharges where titers in the region of 106 infective units per ml may 
be present and less frequently and at lower titers in urine and feces. Virus 
titers first fall in the lymphopoietic tissues which support the initial cycles of 
viral replication and persist longest in the epithelial cells of the respiratory and 
alimentary tracts. The decline in virus titer is associated with the exhaustion 
of cells capable of supporting virus replication and the appearance of neutral
izing antibody. By the time death occurs, little infective virus can be detected 
in the majority of animals. 

Convalescent phase 

Resolution of mucosal lesions normally ensues 3 to 5 days after the first 
appearance of lesions and generally progresses with dramatic speed. The 
integrity of mucosa is often restored in as little as 48 h; diarrhea may persist 
for some time after the mucosal lesions have healed, and recovery of body 
condition takes several weeks. Any residual virus in the body tissues and 
excretions rapidly disappears. 

Pathology 

The most marked changes are in the alimentary tract. Necrosis of the oral 
mucosae (described above) often extends to the anterior third of the esopha
gus. Lesions are seldom apparent in the rumen, reticulum or omasum while 
the abomasum, particularly the pyloric region, is constantly affected. Necrotic 
foci « 1 mm diameter) of the epithelium are initially present and are accom
panied by bright red or brown hemorrhage in the lamina propria. These foci 
frequently progress to involve a large part of the abomasal epithelium which 
sloughs leaving irregularly shaped erosions from which blood oozes. Severe 
edema of the submucosa may be present in the fundus. 

Generally the small intestine is less markedly involved. Most frequently, 
lesions are restricted to the anterior portion of the duodenum and terminal 
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portion of the ileum, where a varying degree of hyperemia, hemorrhage and 
erosion may be present. Peyer's patches are frequently entirely necrotic and 
may be sloughed. 

The most frequently affected areas of the large intestine are the mucosa 
adjacent to the ileo-cecal valve, the junction of the cecum and colon, and the 
crests of the mucosal folds. Lesions consist of erosions of the mucosa. 
Hyperemia and hemorrhage of varying intensity may blacken the mucosa, 
giving rise to the so-called" zebra striping" along the crests of the folds. The 
terminal portion of the rectum is frequently similarly affected. Hemorrhages 
varying from petechiae to diffuse blotches are often present in the mucosa of 
the gall bladder. 

Lesions in the respiratory tract are generally limited to the petechiae in the 
turbinates and larynx where small (1 to 2 mm diameter) erosions of the 
mucosa may be present. Longitudinal hemorrhages are frequently seen in the 
anterior portion of the trachea; gross changes of other organs are generally 
not observed. 

The striking microscopic feature is the severe necrosis of lymphocytes in 
the absence of hemorrhage or inflammation in the lymphatic tissues. In the 
lymph nodes, necrosis commences in the germinal centers and progresses to 
affect all lymphocytes in the follicle leaving a reticulum mesh. This severe 
depletion of lymphocytes is associated with a reticular cell hyperplasia and the 
formation of multinucleate syncytia. Similar changes occur in the hemolymph 
nodes, spleen and Peyer's patches. Mucosal lesions consist of necrosis and 
desquamation of the mucosa, hemorrhage of the lamina propria and edema of 
the submucosa. Syncytia, intranuclear and intracytoplasmic inclusion bodies 
occur in both epithelial and lymphoid tissue and are most frequently seen in 
the tonsillar tissue. These cytopathological changes are associated with the 
accumulation of viral nucleoprotein or nucleocapsid material. 

Immune responses and protection 

Active protection 

There is complete cross-protection between all strains of rinderpest virus. 
Following recovery from natural infection or after vaccination, neutralizing 
antibody appears which is associated with solid and longlasting protection 
from virus challenge. All live vaccine strains of virus confer protection prior 
to the appearance of neutralizing antibody. This phase of protection is gener
ally attributed to the interference phenomenon. Following inoculation with 
large doses of tissue culture-adapted virus, cattle are protected from virulent 
challenge by the 3rd or 4th day while smaller doses of virus do not protect 
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until day 4 or 5. This correlates with the widespread dissemination of atten
uated virus in the tissues of vaccinated cattle and is responsible for the 
initial resistance. Titers of attenuated virus remain high for 3 or 4 days and 
thereafter fall rapidly as neutralizing antibody begins to appear. Thus, immu
nologically mediated resistance commences approximately 7 days after the 
administration of tissue culture attenuated virus. With more virulent strains 
of virus this time scale may be shorter as cattle given goat-adapted virus are 
resistant to fully virulent rinderpest virus within 48 hours of inoculation. 

Subsequent to the development of immunity, resistance to clinical rinder
pest is life-long. Cattle vaccinated once with goat attenuated or tissue culture 
attenuated strains, and maintained in areas free from rinderpest, have been 
shown to be completely protected from clinical disease after 12! years. In 
some animals with low levels of antibody, however, limited viral replication 
may occur after parenteral inoculation with virulent virus (R weyemamu et al., 
1974). 

Passive protection 

The protective properties of serum from recovered cattle was established in 
1893 and was exploited extensively in Africa as a means of protecting cattle 
from infection. Serum prophylaxis has no role in modern control of the 
disease. Passively acquired colostral antibody is, however, of great importance 
(Brown, 1958). Calves responding irregularly to infection or vaccination were 
reported in 1915 and later it was found to be due to calves acquiring colostral 
antibody. Approximately 30 to 48 h after suckling, calves of immune mothers 
generally have neutralizing antibody titers significantly greater than those of 
their dams. The half life of this passive antibody is approximately 40 days. 
Passively protected calves are solidly refractory to infection or vaccination for 
at least 3 months and thereafter an increasing proportion can be infected, all 
being susceptible after 8 months of age. It is essential that allowance for this 
is made in vaccination campaigns, and it is advisable not to record any 
animals as vaccinated under 12 months of age. 

Antibodies 

1. Neutralizing antibody. After infection or vaccination, cattle acquire neu
tralizing antibody. The dose of virus given determines the time at which 
antibody can first be detected. With large doses, this may be as early as 5 to 6 
days but with minimal infective doses, seroconversion can take up to 4 
weeks. Titers peak in 2 to 3 weeks after which there may be a small decline 
and thereafter titers may be maintained relatively constant for up to 11 years. 
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In some animals titers rapidly decline to just detectable levels. During the 
initial 3 to 4 days of an antibody response, IgM is the principal class of 
immunoglobulin but thereafter IgM is progressively replaced by IgG and can 
not be detected after the 3rd week. Tissue culture systems are used exten
sively for detection of neutralizing antibody in epidemiological studies and 
vaccine evaluation. 

2. Complement fixing antibody. Several workers have used complement 
fixation (CF) tests for detecting antibody in bovine serum. The presence of 
CF antibody following infection cannot be consistently detected and its titers 
are low and of short duration. These disadvantages, compounded with the 
inherent difficulties of performing CF tests with bovine serum, have rendered 
this technique of limited value. 

3. Precipitating antibody. The agar gel diffusion technique for detection of 
antibody in cattle is of limited value. However, an indirect method has been 
developed in which precipitating antigen is mixed with test sera prior to 
reacting with hyperimmune rabbit serum. Agar gel precipitation tests have 
proven of greatest value in detecting antigen in tissues of suspected cases of 
rinderpest (see section on Diagnosis). 

4. Hemagglutination inhibiting antibody. It has not proved possible to obtain 
hemagglutinin from rinderpest virus; however, measles virus anti-hemagglu
tinin can be demonstrated in serum from convalescent cattle. Following 
inoculation with virulent or vaccine strains of virus, antibody may be detected 
in 9 to 21 days, reaching maximum titers of 1/32 to 1/64 which tend to 
decline rapidly. Such tests have limited value. 

5. Indirect hemagglutination antibody. The use of tannic acid-treated goat 
erythrocytes coated with boiled rinderpest antigen have been used to detect 
antibody in an indirect hemagglutination test. It has been reported that in 
buffalo calves inoculated with virulent rinderpest virus, indirect hemaggluti
nating antibody may be detected in serum after 6 to 7 days and in nasal 
discharges and saliva after 3 to 7 days. 

Laboratory aids to diagnosis 

Only provisional diagnosis of rinderpest can be made on the basis of clinical, 
post -mortem findings and history. Rinderpest like diseases, particularly 
bovine virus diarrhea (BVD), may present indistinguishable signs and serious 
differential diagnostic problems (see chapter 15 on BVD). This is particularly 
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acute in areas bordering rinderpest enzootic regions or those which import 
live animals from such regions. Should rinderpest be suspe.:;ted on the basis of 
clinical signs, post mortem findings and herd history, it should be treated as 
such until proven otherwise in the laboratory. Rapid and accurate laboratory 
confirmation of rinderpest outbreaks is of paramount importance in the con
trol of the disease and may be accomplished in one or more of the following 
ways: Isolation and identification of virus, detection of virus specific antigen, 
detection of altered antibody status, and detection of virus specific histological 
lesions. 

1. Isolation and identification of virus. Previously this was achieved by 
inoculating rinderpest susceptible and immune cattle or goats with blood or 
tissues from clinically affected or dead animals. Currently the virus is being 
isolated by use of culture methods. 

For the isolation of virus in tissue culture, the material of choice is washed 
buffy coat from febrile animals. Virus titers fali progressively with the onset 
of diarrhea and may be present at minimal levels by the time of death. Thus, 
in a suspected outbreak, 15 to 20 ml of blood should be collected into 
anticoagulant (EDT A) from several febrile animals and transported rapidly on 
ice to the laboratory. Specimens should not be placed on gel packs or frozen 
as it is impossible to separate buffy coat from such samples. The buffy coat is 
separated by centrifugation, washed, resuspended in tissue culture medium 
and inoculated into culture tubes of preformed monolayers of primary bovine 
kidney cells. Cell monolayers are examined daily for the development of 
typical cytopathic effect (CPE). 

Confirmation that the CPE is due to rinderpest virus may be sought in a 
number of ways. Virus neuralization can be demontrated if additional tubes 
inoculated with the original material together with rinderpest antiserum fail to 
develop CPE. When CPE is well advanced, complement fixing or precipitat
ing antigen may be detected in the cells disrupted by ultrasonic treatment or 
3 cycles of freezing and thawing. Alternatively, antigen may be detected using 
the fluorescent antibody method. 

2. Detection of virus specific antigen. Antigen may be detected rapidly and 
with relatively simple equipment using either CF or gel precipitation tests. 
Precipitating antigens cannot be detected early in the course of infection nor 
is either test effective after antibody has appeared. Therefore, specimens 
should be collected during the acute phase of disease before diarrhea devel
ops. The sensitivity of the two tests is inferior to virus isolation technique and 
may fail to detect animals infected with relatively mild enzootic strains of 
virus. 
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Precipitinogen may be prepared from any lymph node of a freshly dead 
animal. If the carcass has decomposed, only the lymph nodes should be 
collected and kept on ice or frozen until tested. The fat and the capsule are 
removed and the chopped lymph nodes are ground in a mortar and pestle 
with some sand. Foilowing centrifugation, the supernatant is used as antigen. 
Alternatively, biopsy material may be collected using a 14 gauge needle to 
aspirate tissue from the prescapular lymph node. These antigens are then 
reacted against hyperimmune rabbit serum in an agar gel precipitin test (Scott 
and Brown, 1961). 

Antigen for CF may be prepared in a similar fashion to precipitinogen 
except that the fluid extract from lymph nodes is diluted! in veronal buffered 
saline. Although this test is more sensitive than the agar gel precipitin test it 
lacks the simplicity of the latter test. 

Indirect hemagglutination tests in which terazotized benzidine treated sheep 
erythrocytes are coated with antibody to rinderpest virus have also been used 
to detect antigen in tissue extracts, nasal secretion and saliva. Interpretation 
of such tests tends to be confounded by non-specific activity. 

3. Detection of altered antibody status. To confirm a diagnosis of rinderpest, 
serum collected in the acute phase of the disease and another collected 2 
weeks later are required. A four-fold or greater rise in titer during the 2 
weeks, detected by any of the tests detailed in the section on immunity, 
confirms the presence of rinderpest. Of the tests available, however, neutral
ization is generally considered the most suitable for this purpose. As this 
entails at least a 3-week delay, these tests have little application in the 
diagnosis of rinderpest, however, confirmation of rinderpest can be made if 
neutralizing antibody associated with IgM immunoglobulin can be demon
strated. Such antibody is only present for 3 weeks after infection. For this, a 
single serum collected during the acute phase of the disease is adequate and 
markedly reduces the interval for confirmation of disease. To demonstrate 
IgM antibody, fractions of sera from sucrose gradient zone ultracentrifugation 
may be tested for neutralizing antibody or more simply, the titers of whole 
serum may be compared with serum heated to 65°C for 30 min or treated 
with 0.2 M 2-mercaptoethanol for 18 h at 23 °C, reduction in titer in the 
treated samples indicating that IgM antibody is present. 

4. Detection of virus specific histological lesions. Several authors have sug
gested that diagnosis of rinderpest may be made on the basis of detecting 
syncytia with intracytoplasmic and/or intranuclear inclusions. For such tests a 
variety of tissues are collected including tonsil, mucosa of the pharynx, oral 
cavity, vulva, prepuce, conjunctiva and nares. They are rapidly fixed, sec-
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tioned and stained for histological examination. Generally, the presence of 
virus-induced lesions would not be considered adequate confirmation of rin
derpest and would serve only as an adjunct to other more specific tests such 
as the detection of viral antigen by fluorescent antibody. 

Differential diagnosis 

A wide variety of conditions have been considered to produce clinical signs 
which may be confused with rinderpest, undoubtedly the most important of 
which is bovine virus diarrhea (BVD), the clinical and pathological signs of 
which can closely resemble that of rinderpest (see chapter 15 on BVD). 
Papular stomatitis, malignant catarrh, foot-and-mouth disease, infectious 
bovine rhinotracheitis, and Allerton-type herpes virus infection are the other 
principal virus diseases which may cause confusion with rinderpest. In addi
tion' acute enteritis through poisoning, parasitic infestation or salmonellosis 
may also have clinical similarities with rinderpest. At post-mortem examina
tion, trypanosomiasis and theileriasis may also present pathological features 
similar to those of rinderpest. Finally, in small ruminants bluetongue, Nairobi 
sheep disease and sheep pox have created problems of differentiation and 
PPR presents identical clinical signs. 

Prevention and control 

General 

Of all the major diseases of domestic livestock, rinderpest is considered to be 
the most readily controlled. Even in 1714 it was known that following the 
introduction of rinderpest into disease-free countries, effective control could 
be achieved by a policy of slaughter and quarantine. The strategy for controll
ing rinderpest in disease-free countries depends on whether they are geogra
phically remote from or bordering enzootic regions. In either case, the most 
probable route of introduction is by the movement of live infected animals. In 
countries remote from enzootic areas, it is generally the policy to ban the 
importation of live animals and all unprocessed animal products from rinder
pest infected countries with the exception of animals destined for zoological 
parks. Should such a policy not be practical for sociological or economic 
reasons, rigid quarantine measures must be applied. All animals must be held 
in isolation in an area of the exporting country which is free from rinderpest 
for a period of not less than 3 weeks and for a similar period of isolation on 
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arrival. If there is a breakdown, it is essential that the national veterinary 
departments must have legislative authority to immediately slaughter sick 
and in-contact ruminants and pigs and to destroy or bury the carcasses. Also, 
animal houses and enclosures in the infected zone must be isolated and 
disinfected and the movement of all livestock, meat or hides prohibited. In 
high risk countries, it is customary either to immunize the whole cattle 
population or to create a barrier zone of immunized cattle in regions adjacent 
to countries where rinderpest is enzootic. In these areas all cattle are vacci
nated followed by annual vaccination of the previous year's calf crop. 

The principal strategy for control in enzootic regions is by mass vaccination, 
which has been greatly facilitated by the availability of cheap and effective 
vaccines. Increasingly, national and international campaigns based on vaccina
tion have brought this disease under control. In these campaigns it has 
generally been the policy to vaccinate all cattle each year for three consecutive 
years. Following the initial phase of annual vaccination, it is essential to 
maintain the annual vaccination of the previous year's calf crop. Adequate 
quarantine and surveillance must also be maintained. 

Prophylaxis 

During the 20th century prophylactic procedures have progressively improved 
through application of attenuated virus vaccines. A variety of attenuated virus 
strains have been developed, including caprinized, lapinized, and avianized 
viruses. The most effective and most widely used are tissue culture-derived 
attenuated vaccines. Protection induced by these latter vaccines is rapid and 
durable; and, all species of animal including cattle, water buffalo, sheep and 
goats can be immunized without any side reaction to vaccination. 

Development of prophylactic measures 

The credit for the first practical method of immunization goes to Koch who in 
1897 advocated the use of bile from infected animals to immunize cattle. This 
method was employed extensively to control rinderpest in southern Africa. In 
1893 it was shown that serum from recovered animals was protective and for 
many years serum prophylaxis was the principal method of control in India 
and parts of Africa. However, serum alone could provide only transitory 
protection; a more durable immunity could be provided by the administration 
of serum followed by virulent virus. From the 1930s onward these methods 
of protecting cattle were increasingly superseded by inactivated and later 
attenuated vaccines. 
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Inactivated vaccines 

Inactivated vaccines were first prepared from virus containing cattle tissues. 
Glycerine, formalin and chloroform have all been found to inactivate the 
virus satisfactorily without destroying antigenicity but the duration of 
immunity was limited unless several inoculations were made. This could be 
overcome by administering virulent virus after the inactivated vaccine in 
which case immunity lasted for over 5 years; the attendant risks rendered this 
method of little use. Alternatively, durable immunity could be stimulated 
when adjuvants were incorporated, however, lesions following the use of 
Freund's complete adjuvant were unacceptable. Inactivated vaccines prepared 
from chick embryos were ineffective. Attempts to produce inactivated vac
cines from tissue culture propagated virus has had limited success. Recently it 
was found that virus inactivated with merthiolate (sodium ethylenmercuri
thiosalicylate) or ultraviolet light and absorbed onto aluminum hydroxide or 
emulsified with incomplete Freund's adjuvant induced immunity lasted for at 
least 2 years (Mirchamsy et al., 1974). 

Despite safety and stability advantages, the expense of inactivated vaccine 
production compared to live attenuated vaccines has limited their application. 
Certain rinderpest-free countries, however, have expressed concern at the 
possibility of importing rinderpest virus in meat from cattle immunized with 
live vaccine. 

A ttenuated vaccines 

1. Caprinized. To overcome the risk of transferring bovine infectious agents 
through vaccination by the serum-virulent virus method, goat spleens have 
been used as a source of virus. This was attempted initally by Koch who 
reported in 1897 that virus serially passed in goats had a reduced pathogenic
ity for cattle. In a field trial, no mortalities were reported to occur in 7,216 
vaccinated cattle; however, in field trials in East Africa, 18 % of zebu cattle 
died following inoculation, hence a strain of greater attenuation was required 
for African use. This was achieved in Kenya by passaging the virulent Kabete 
"0" strain of virus through goats. This strain, referred to as the KAG strain, 
became progressively attenuated for cattle and by the 250th passage only 2 % 

\ 

of East African zebu cattle died while 95 % still developed a febrile reaction. 
The strain was considered suitable for use as a vaccine in East African native 
cattle, but was still too virulent for the more susceptible Asian and European 
cattle or their crosses. This passage of KAG was also found to be too virulent 
for use in native cattle in Nigeria and Egypt where further passages were 
necessary before an acceptable level of attenuation was achieved. 
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Caprinized vaccines which induced lifelong immunity represented a major 
step forward in rinderpest control. Batches of caprinized vaccines were, how
ever, frequently contaminated with bacteria (Bacillus anthracis, Salmonella spp. 
Brucella melitensis) and viruses such as foot-and-mouth disease. Also, the 
response of goats to infection was variable, necessitating the use of large 
numbers of goats to ensure potency. Furthermore, only crude virus titrations 
were possible in goats rendering quality control of caprinized vaccines difficult 
(Edward, 1928; Kesteven, 1949; Anon, 1970). 

2. Lapinized. The earliest evidence of the replication of rinderpest virus in 
rabbits was produced in Japan in 1910. In the late 1930's a strain fully 
virulent for rabbits but attenuated even for moderately susceptible cattle was 
developed. This strain, which had undergone 795 serial passes prior to distri
bution, became widely used for vaccination in China, Asia, India and Africa. 
Vaccine was produced from homogenates of lymphoid tissue from infected 
rabbits and where rabbits were difficult to procure such as Southeast Asia, 
infected pig tissues were used. Generally it was lyophilized for field use where 
it induced immunity comparable to that produced by caprinized vaccines. The 
lower virulence for cattle compared to the caprinized strains resulted in its use 
in the more susceptible breeds of cattle. It still possessed all the inherent 
disadvantages of a vaccine produced from infected animal tissues and was too 
virulent for use in hypersusceptible cattle. 

3. Avianized. Under the fear of rinderpest being introduced during the 1939-
1945 world war, workers in Japan and the United States independently 
developed avianized vaccines which were found suitable even for vaccinating 
hypersusceptible Japanese black cattle. The American avianized vaccine strain 
was developed from virus isolated from cattle, whereas in Japan, Nakamura 
and Miyamoto (1953) adapted the lapinized virus to eggs. This latter strain, 
referred to as LA, was the more attenuated and was used after back passage 
in rabbits (LAL strain) to immunize cattle in Korea and Vietnam, where it 
was reported to induce immunity in approximately 90% of vaccinated cat
tle. 

In Africa the LA strain and other avianized strains were tested experimen
tally and were generally found to induce high titers of antibody and confer 
protection. The responses tended to be irregular, however, and despite their 
economy and simplicity of production, they never superseded the use of 
caprinized and lapinized vaccine strains (Nakamura and Miyamoto, 1953; 
Watanabe, 1970). 

4. Tissue culture. Control of rinderpest by vaccination is now largely depen
dent on the production of attenuated rinderpest virus in tissue culture. The 
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strain of virus which has acquired virtually universal acceptance was derived 
from the laboratory strain of virus Kabete 0 which had been maintained by 
serial needle passage in cattle and had lost its contagious capacity. The virus 
was adapted to growth in primary bovine kidney cell cultures. After 45 
passages in this cell culture the virus could be inoculated into all categories of 
cattle without inducing a febrile response, and when serially back passaged 5 
times in cattle no evidence of reversion to virulence was observed. Studies of 
the virus after 95 passages demonstrated that following inoculation of cattle, 
widespread dissemination of virus occurred in the body and titers of 104 to 
105 TCIDso/g were detected in lymph nodes, however, virus did not replicate 
in the mucosa and it was inferred that the virus had become "exclusively 
Iymphotropic." It was further concluded that this pattern of virus replication 
explained the lack of pathogenicity and inability to spread by contact, yet the 
virus has retained the capacity to induce consistently strong and durable 
immunity. 

Virus of the 90th to 100th passage in primary kidney cell cultures is used 
for vaccine production. Virus harvests regularly contain in excess of 10 5 

TCIDso per ml and the recommended cattle dose contains 10 2 TCIDso . 
Storage of the lyophilized virus at - 20 DC ensures that there is virtually no 

loss of infectivity. There is, however, a decline of infectivity when stored at 
higher temperatures. Vaccine is generally issued to the field in vials which are 
reconstituted to give 50 or 100 cattle doses of 2 ml each. Preferably vaccine is 
recontituted in sterile saline in dark bottles, kept on ice and inoculated within 
2 h. 

The acceptance of international standards for the manufacture and admin
istration of this vaccine, together with adequate surveillance and conservatory 
programs could ensure global eradication of rinderpest in the near future. 
Political and social factors may, however, conspire to render this goal elusive 
(Plowright, 1965, 1968, "1972; Scott, 1964). 
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12. RIFT V ALLEY FEVER 

F. G. Davies 

Abstract. Rift Valley fever is a zoonosis caused by an insect-borne virus which until 
recently had only been recorded in the sub-Saharan region of the African continent. It 
is transmitted by mosquitoes of several genera and produces abortions in pregnant 
animals and deaths in the very young. Cattle, sheep and goats are the principal disease 
hosts. Affected animals show characteristic widespread liver necrosis. The disease 
tends to occur in epizootics which follow periods of heavy and prolonged rainfall. 
These may be separated by intervals of up to 15 years. 

The virus also affects humans causing fatalities. The disease is characterized by a 
diphasic temperature rise accompanied by signs related to the hepatic necrQsis. Retin
itis and encephalitis are common complications; hemorrhagic complications are gener
ally fatal. 

Rift Valley fever (RVF) is an acute arthropod-borne virus infection with a 
wide range of vertebrate disease hosts. Until recently, its natural range has 
been confined to the Ethiopian faunal region of Africa. The virus is not 
related serologically to other arboviruses, but tentatively has been classified as 
a member of the Bunyamwera group on the basis of its physical charactistics. 
Daubney et al. (1931) first recognized the disease entity in the Rift Valley of 
Kenya, although there may have been earlier outbreaks. Mortality in young 
lambs was over 90 % with widespread abortions in pregnant ewes. While the 
initial problem was recognized in sheep, it became evident that cattle also 
were affected. The mortality in calves was not as great as in young lambs, but 
many calves died and there were abortions in pregnant cattle. Liver lesions 
were obvious in the affected animals. An interesting observation was made 
that humans associated with the animals suffered a severe influenza-like 
disease. The original workers showed that the causative agent was a filterable 
virus transmitted by mosquitoes. 

Subsequently, the disease manifested itself in epizootic form in many 
tropical and subtropical African countries. Specific antibody to RVF virus was 
demonstrated in sera from humans and domestic animals in many areas 
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where the clinical disease itself had not been recognized. Recently, a signifi
cant development occurred in which an epizootic of RVF produced dramatic 
and significant losses in both human and animal populations of Egypt. This is 
an extension from the natural ecological range for this virus which apparently 
has now established a maintenance cycle in the irrigated lands alongside the 
Nile river. Since RVF is one of the most dangerous zoonoses known to man, 
this extension is of major importance. 

Natural Ecological Range 

In Africa south of the Sahara, there have been periodic epizootics of disease 
in Kenya, Uganda, Tanzania, Sudan, Zambia, Malawi, Mozambique, Rhode
sia, South Africa and South-West Africa. Epizootics of RVF have occurred at 
intervals of 4 to 15 years, and interestingly it is in these countries that the 
greatest development of the livestock industries has been achieved with 
introductions of exotic animals. There is evidence to show that exotic breeds 
are much more susceptible to RVF than indigenous cattle, sheep and goats. 
Some of the native breeds are relatively insusceptible. The epizootics of R VF 
appear to be precipitated by favorable climatic factors such as persistent and 
heavy seasonal rains. It is thought that foci for the maintenance of the virus 
in interepizootic periods occur in most of these countries. Favorable condi
tions allow the overlap of a forest or bushed savanna maintenance cycle, and 
a new epizootic cycle involving different mosquito species is established in 
the grasslands. The wet climatic conditions cause dramatic increases in pop
ulations of the vector species, many of which breed as opportunists in the 
temporary water pans. 

In other African countries such as West and Central Africa and possibly 
Botswana, there is evidence of enzootic maintenance of RVF indicated by the 
presence of specific antibody in the human and domestic animal populations. 
There was a limited outbreak of RVF in Nigeria in imported sheep, however, 
indigenous varieties appear to be relatively resistant to the disease. It is 
probable that many of the west and central African countries with heavy 
tropical forest areas have enzootic cycles for RVF. Improvements in animal 
production by upgrading indigenous breeds may increase the numbers of 
susceptible disease hosts and RVF may manifest itself in these countries. 

The countries north of the Sahara are likely to be free of RVF. While the 
disease or antibody to RVF has not been recognized in Ethiopia, it may occur 
there. Epizootics have occurred in the Sudan and there are reports of its 
occurrence in Somalia. The extension of epizootic RVF in Egypt may have 
occurred directly along the Nile from the Sudan and aided by the movement 
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of camels for trade purposes. The establishment of virus maintenance cycles 
in the dry irrigated areas of Egypt is significant since similar irrigation prac .. 
tices are prevalent throughout the eastern Mediteranean region and north 
Africa. Rift Valley Fever may extend its range considerably in this new 
ecological niche. 

Epidemiology 

The epidemiology of R VF is at present incompletely understood. The virus 
and disease disappear from the worst affected areas where widespread losses 
occur during the epizootics (Davies, 1975). The enzootic maintenance cycle 
occurs in certain tropical and temperate forests in East Africa (Smithburn et 
al., 1948; Haig et al., 1957; Davies, 1975). This type of forest may be found 
across central to western Africa, in parts of East Africa, and down the Rift 
Valley. Coastal forest is also a suitable enzootic focus for the virus. Such 
forest may be found along the eastern coast of the continent through Mozam~ 
bique to South Africa. While enzootic cycles have not been identified in 
countries such as Angola, the flora and fauna there are identical with forest 
areas in other parts of Africa where the virus is maintained. 

The forest maintenance cycle has not been clearly defined despite efforts 
made in many countries (Smithburn et al., 1948; Scott et at., 1956; Scott and 
Heisch, 1959; Henderson et al., 1972; Davies, 1975; Davies and Onyango, 
1978). Rodents which are highly susceptible to RVF are not involved in the 
enzootic nor the epizootic cycles of RVF activity. Initial studies of viremia in 
various common rodents suggested they might be amplifying hosts although 
field work does not support this hypothesis. Monkeys were found to be 
susceptible to RVF in early work but the field studies in Uganda and Kenya, 
in an enzootic forest area show that monkeys do not play any part in the 
maintenance cycle. Baboons (Papio anubis) are common in many epidemic 
areas of RVF. Experimentally, it was found that they developed a transient 
viremia and an antibody response, however, a survey in Kenya a year after an 
epizootic of RVF showed no evidence of baboon exposure. Three of 176 birds 
trapped in an endemic area in Uganda may have had a low level specific 
antibody to RVF. These were weavers of the family Ploceidae. The sugges
tion has been made that the Sudan dioch, a small seed-eating bird found in 
large numbers in Africa, may carry the virus in its north to south movements 
along the Rift Valley. It is not known whether this bird will sustain a viremia 
with RVF. Birds are generally refractory to the virus. Further work is neces
sary to determine whether the dioch does play any role. Bat sera contained 
antibody to RVF when examined by hemagglutination inhibition tests (Addy 
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and Tukei, 1975). Bats may be the key vertebrate hosts for the maintenance 
of RVF in the forest cycle. 

Except for bats, the only other animals found to contain antibody to RVF 
during the interepizootic periods were bovids, both domestic and wild. Davies 
(1975) showed that 1 to 3 % of cattle born after a previous epidemic of RVF 
living in forest and forest-edge situations were seropositive to RVF. Similar 
results were reported from a forest area in South Africa (Haig et al., 1953). 
Forest ruminants may also be involved (Maurice and Provost, 1969; Davies, 
1975). 

In the forest cycles, various mosquito species of the genera Eretmopodites 
and Aedes found to contain RVF virus were considered to be the vector 
species in such situations. The species involved in epizootics in South Africa 
are Culex theileri. Aedes dentatus and A. caballus, A. lineatopennis and Ano
pheles coustani (MacIntosh, 1972). Davies and Highton (1980) recently isolated 
RVF virus from A. lineatopennis and An. coustani during an epizootic in 
Kenya. There may well be other species capable of transmitting the virus. It is 
thought that there is an overlap between the forest maintenance cycle and the 
feeding cycles of the large mosquito populations in the grassland habitat. 

Domestic cattle, sheep and goats play a major role in the amplification of 
RVF during periods of epizootic spread. Wild ruminants are susceptible and 
may be significant where they are numerous. Camels are also challenged with 
the virus, presumably at water holes, and there is some evidence that they 
suffer abortions (Scott et al., 1963). Horses and donkeys are not clinically 
affected but develop antibody after a transient viremia. Many other species of 
animals known to be susceptible to RVF, such as dogs and cats, are not 
normally present in any significant numbers to playa role in the amplification 
of virus in epizootic areas. Pigs are relatively insusceptible (Scott, 1964). 

The species of mosquitoes which transmit RVF in most African countries 
feed upon both domestic animals and humans, however, most human cases 
of RVF in Africa have been related to direct and indirect contact with 
diseased or dead domestic stock. Infection is considered primarily from aero
sols or wound contamination. Culex pipiens may be the principal species of 
mosquito transmitting the virus in Egypt. 

The post-endemic level of immunity in cattle, sheep and goats is very high 
(Davies, 1975). No additional clinical cases appear and further amplification of 
the virus cannot be demonstrated by sero-conversions in newly-born animals. 
The range contracts to the forest maintenance areas until conditions are ripe 
for epidemic spread of the disease once more. 

Large numbers of Culicoides have been trapped in areas where activity is 
high during an epidemic. The isolation of RVF has been recorded from 
engorged specimens of Culicoides. During a recent epidemic, Davies and 
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Highton (1980) isolated RVF virus from a pool of Culicoides of mixed species 
from which all insects showing any trace of blood had been removed .. The 
role of Culicoides in epidemics of RVF needs further evaluation. 

Clinical Signs 

Rift Valley fever is more pathogenic for sheep and goats than it is for cattle. 
In very young lambs or kids the mortality approaches 100% of those affected. 
The mortality in sheep is generally greater than that encountered with cattle 
populations. Simultaneous disease in sheep, goats, and cattle suggests that 
RVF is the cal)se. The mortality rate in calves varies from 10% to 70%. It is 
considered that the exotic breeds introduced to Africa are more susceptible. 

Calves are highly susceptible to RVF and they may die within 19 h with 
few premonitary signs. Clinical signs include anorexia, blood-stained nasal 
and lachrymal discharges, raised respiratory rate and temperature up to 
106 OF. These may be the only signs seen before the animal suffers total 
prostration, generally lying on its side with opisthotony and severe respiratory 
distress before death. The course of the disease is generally rapid, taking only 
I to 4 days. 

Slightly older calves show the high temperature reaction, raised respiratory 
rate and slight nasal and lachrymal discharges; while they may not suffer the 
collapse seen in younger animals, they remain very sick for several days. 
During this time they may show abdominal pain and a profuse diarrhea 
which is usually fetid or hemorrhagic. There may be respiratory signs with a 
moist cough and stertorious respiration. The superficial lymph nodes may 
become slightly enlarged. A feature of the clinical disease is a sharp fall in the 
total white cell count, often below 2000 cells per mm 3. The temperature may 
be raised for a period of 4 to 7 days. Some of the affected calves will have 
jaundice and if this is severe, the animals generally die. 

Older cattle show a variable clinical response to natural challenge with 
RVF. The temperature reaction may be brief with some nasal and lachrymal 
discharges. There will be a sharp fall in the milk yield in dairy cattle and 
often a profuse watery diarrhea, which is usually accompanied by abdominal 
pains. Respiratory signs are a common complication. The temperature reac
tion usually lasts from 1 to 5 days during which time there is a viremia. The 
leukopenia is also marked. Deaths may occur in adult animals at this stage. A 
relatively high mortality rate has been encountered in adult cattle with severe 
liver fluke infestation. Abortion is the principal economic significance of RVF 
in adult cattle apart from the dysgalactia. A herd of some 1200 dairy cattle 
suffered nearly 500 abortions over a 2-month period during a 1968 epidemic 
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of RVF in Kenya. Abortions may occur during the period of viremia and up 
to 5 weeks later. The virus is readily isolated from fetal tissues and the 
characteristic liver necrosis may be seen in the aborted fetus. Complications 
from the abortions, notably pyometritis, are another cause of mortality indi
rectly due to' RVF and observed in about 10% of the aborting cattle. In 
extensively managed range cattle, the only evidence of RVF may be the large 
number of abortions. 

A fall in milk yield, a high temperature, followed by abortions, ami mor
tality in calves with few specific clinical signs, other than complete prostration 
after the sudden onset of a febrile disease, should create suspicions of RVF. 
Other helpful observations are the simultaneous disease in sheep and goats 
with a particularly high mortality in the very young, and the occurrence of a 
febrile disease in people in contact with the sick animals. Common signs in 
humans are a temperature of 104 to 106 of, a raised respiratory rate, muscle 
and joint pains, headache, anorexia, vomiting and diarrhea, photophobia, 
hepatitis and complications such as retinitis or mycocarditis. There is a 
marked leukopenia. The temperature reaction in humans is often diphasic. 
Fatal cases are associated with a hemorrhagic syndrome which is thought to be 
a consequence of severe hepatic necrosis, or encephalitis. Jaundice is a com
mon complication of the disease in humans, and is frequently encountered in 
the fatal cases. 

Gross Pathology 

In the hyperacute cases in young calves, the carcass will show various 
non-specific signs associated with viremia. There may be petechial and ecchy
motic hemorrhages subcutaneously and on the serous surfaces of the abdom
inal cavities and organs. There may be blood-stained flui~ in the abdomen 
and pericardial sac. The principal lesions are found in the liver which is 
generally enlarged with rounded edges and may vary from deep red to yellow 
depending upon the course of the disease in the particular animal. A large 
swollen liver contains 1 to 3 mm foci of a white-yellow necrosis, areas of 
necrosis may occur which are much larger. Sometimes the liver presents a 
bronzed appearance with areas of necrosis and bile stained tissue, producing a 
mottled effect. The surface of the liver may be further mottled with subcap
sular hemorrhage. In other cases the liver may be extremely yellow. In all 
livers, areas of white-yellow necrosis may be found. The gall bladder shows 
edema with hemorrhages on the surface and its attachments to the liver. The 
bowel surface may be covered with subserosal hemorrhage and the lumen 
may be filled with blood. The abomasal folds may be edematous with an 
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excess of mucous and the lumen often contains blood. The kidneys are 
congested with small hemorrhages visible on close examination of the cortex. 
There may be small hemorrhages on the wall of the bladder. The lymph 
nodes throughout the carcass are enlarged and edematous with many small 
areas of hemorrhage and necrosis in the cortex and medulla. Similar lesions 
are present in the spleen which is not usually notably enlarged. There may be 
edema and obvious jaundice in the fat deposits throughout the carcass. 

Histopathology 

The most characteristic lesions of RVF are found in the liver. In calves there 
are small foci of coagulation necrosis together with much larger areas of 
massive acute necrosis. The smaller foci have no specific distribution in 
relation to the lobular structure of the liver. They may be centrilobular, 
midzonal or paracentral. There is a cellular infiltration with lymphocytes, 
neutrophils and histiocytes, many of which show degenerative changes. A 
massive pannecrosis occurs, destroying the entire architecture of the liver, 
leaving only a reticular infrastructure. Other characteristics of the RVF liver 
lesions are bile stasis and mineral deposition in the necrotic parenchymal 
cells. Intranuclear inclusions are of a distinctive sickle shape and probably of a 
degenerative nature. No viral antigen can be demonstrated in the nucleus by 
fluorescent antibody methods. 

The gross changes observed in the gall bladder may be confirmed histolog
ically. The spleen shows some evidence of hemorrhages with focally necrotic 
lymphoid cells in the follicles. This necrosis is also obvious in the lymph 
nodes together with the evidence of edema and hemorrhage observed macros
copically. In the kidney there are foci of degeneration in the glomeruli and 
tubules, some of which contain casts. 

Immune Response 

Natural or needle propagated infection with RVF virus is followed by the 
formation of antibody which persists for many years and can be demonstrated 
by a variety of serological methods. The presence of antibody is correlated 
with resistance to infection; animals recovering from RVF are immune for 
life. 

Various serological tests have been employed for the study of the antibody 
response to RVF. These include complement fixation, indirect fluorescent 
antibody, hemagglutination, and serum neutralization. The antibody re-
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sponses and immunity to both pantropic and attenuated strains of RVF virus 
in cattle were studied by Coakley et al. (l967b) and Pini et al. (1973). The 
antibody responses in cattle to the Smithburn neurotropic strain of virus are 
poor when assayed by serum neutralization. The cattle, however, are resistant 
to challenge with pantropic virus up to 28 months after vaccination. The 
serum neutralization index for 30 heifers on primary vaccination with the 
Smithburn strain was 1.3 (Joglo), The response to pantropic virus is normally 
very good with neutralizing indices of 4.5 to 5.5 (Joglo), These are greater than 
any found with other virus diseases of domestic animals. The antibody 
persists and may be detected by serum neutralization or by indirect fluores
cent antibody tests up to five years after infection. 

Neutralizing antibody has frequently been found in the serum of humans 
recovered from RVF after periods of 20 years or more. The serum neutrali
zation tests have been used to measure the antibody responses to both 
attenuated and inactivated virus antigens used for the prophylaxis of RVF. 
More recently further use has been made of the hemagglutination inhibition 
tests. 

Laboratory Aids to Diagnosis 

A field investigation of a disease condition characterized by high fever and 
the presence of some of the following features should lead to a tentative 
diagnosis of RVF: 1) a high mortality in lambs or kids, and calves; 2) illness 
with some deaths on older sheep, goats and cattle; 3) a febrile disease with 
abortions in sheep, goats and cattle; 4) the presence of liver lesions in dead 
animals; 5) an acute febrile illness in humans associated in any way with the 
sick animals. 

Laboratory Confirmation of Infection 

Virus isolation 

Liver, spleen or blood are the tissues of choice for primary isolation of RVF 
virus. Blood taken at the febrile stage is highly infective and high titering 
virus is present in the plasma. It is recommended that dilutions of 1 /l a to 
1 /l 000 be made from the original tissue or plasma for primary isolation. 
Frequently the virus concentration is so great that infected tissue culture 
monolayers are completely destroyed in less than 24 h. 

A variety of tissue culture may be employed for the primary virus isolation. 
Primary or secondary monolayers of kidney, lung, thyroid or testis of bovine, 
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caprine or ovine origin are particularly suitable. A variety of continuous cell 
lines have also been found to be sensitive to the virus (Easterday, 1965). 
Those recommended for routine laboratory isolation of virus are the 
BHK 21 C 13 cells, Vero cells, Wl38 diploid cells or L 929 cells. The virus 
produces a cytopathic effect characterized by focal degenerative changes 
which rapidly spread to involve the entire monolayer. These effects will be 
found in most cultures from 24 to 72 h after inoculation. 

The virus may be identified in the cell cultures within 6 to 12 h by staining 
the monolayers with fluorescein labeled specific antibody. This is the recom
mended method for the identification of the virus whenever tissue culture 
facilities exist. Alternatively, the cell culture supernatant fluid taken at a time 
before the cytopathic effects become apparent contains a high titer of virus 
which may be used as antigen in complement fixation tests or for serum 
neutralization. 

High titers of RVF virus grow in eggs and cause embryonic death. The 
optimal inoculation age of embryonated eggs was one day followed by incu
bation at 3rC for 48 to 72 h. The end point may be used to identify the 
virus by serum neutralization or as a source of virus antigen for complement 
fixation. 

Laboratory Animals 

Laboratory mice of most varieties are susceptible to infection with RVF virus 
by intracerebral or intraperitoneal inoculation. Mice 4 to 6 weeks of age have 
been found to be uniformly susceptible and are extremely useful for the 
primary isolation of virus when inoculated by the intraperitoneal route. Death 
occurs 3 to 6 days after inoculation and the characteristic liver lesions may be 
observed macroscopically or microscopically. Infant mice may be used and are 
inoculated by the intracerebral route. Deaths occur in 3 to 8 days when 
primary isolation virus is used. The incubation period is rapidly reduced to 2 
to 3 days when virus is used following passage in vivo. The virus may be 
identified in liver or brain by fluorescent antibody methods (Pini et al., 1970). 
The virus may also serve as a source of antigen for the inoculation of cell 
cultures or to carry out complement fixation tests. Serum neutralization tests 
were used for many years in African laboratories for the identification of RVF 
viral strains; the assay is carried out in 6-week-old mice. 

Histopa thologica! Diagnosis 

The presence of the focal coagulative necrosis in the liver, cholestasis, miner
alization and presence of intra-nuclear inclusions help to confirm the diagno-
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sis of RVF infections. This is possible with field material, fetuses or livers 
from a laboratory animal. 

Serological Confirmation of Infection 

Serological testing is especially valuable when dealing with the disease in 
cattle when abortions may be the only sign. Paired serum samples may be 
assayed in a variety of ways. Complement fixation tests, indirect fluorescent 
antibody and serum neutralization tests (Pini et al., 1973) or hemagglutination 
inhibition tests (Mims and Mason, 1956) are all useful diagnostic aids. Rising 
RVF antibody titers in samples from affected herds provide a good indication 
of recent infection. 

Prevention and Control 

Management 

The movement of affected flocks of sheep to higher altitudes above the 
disease-infected Rift Valley reduced losses to a minimum according to Daub
ney et al. (1931). At these higher altitudes, cases of RVF stopped within a 
few days. Such a move took the sheep from the epizootic areas to an 
environment not suitable for the disease vector. Control in this manner is not 
often possible. 

Vector Control 

Methods to control mosquito populations might be valuable when their breed
ing sites can be defined and application of insecticide can be employed. The 
cost of carring out vector controls, however, may be too great and inapplicable 
in the face of disease outbreaks in domestic stock. 

Prophylactic Vaccination 

Attenuated Smithburn Neurotropic Strain. The Smithburn strain of RVF was 
produced by the serial intracerebral mouse brain passage of virus and is 
attenuated for domestic animals. Inoculation of sheep or goats with this strain 
is followed by a significant antibody response (Coackley et al., 1967a) 
although cattle show a much lower antibody response using the serum neu
tralization test method. Animals with low titers of neutralizing antibody, 
however, are protected during epizootics of the disease. This strain is 
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extremely valuable for the prophylaxis of RVF. The antibody remains detect
able in sheep for up to 3 years and while it falls more rapidly in cattle, it is 
though to be valid for at least one year after vaccination. Annual revaccina
tion is recommended for cattle. This vaccination provides a valuable means 
for reduction of the economic losses incurred in an epizootic of RVF. 

The vaccination of sheep in the early stages of pregnancy is not recom
mended because fetal abnormalities have been attributed to the vaccine. 
Pregnant ewes may abort after vaccination with the Smithburn strain, 
although this is not a common sequel. Lambs born after immunization may 
show fatal neurological abnormalities and grossly obvious developmental 
deformations. These, however, occur in only 1 to 2 % of the vaccinated ewes 
and such hazards may be acceptable in the face of epidemic losses. Cattle do 
not seem to be affected in a similar manner. Fetal abnormalities and abortions 
were not observed in large numbers of pregnant cattle inoculated with the 
Smith burn strain of virus. 

Inactivated Vaccines 

The high titer virus grown in cell culture and inactivated with formalin is a 
potent immunogen. Several inoculations with this antigen produce a good 
antibody response in humans. The tissue culture antigen may be used for the 
prophylaxis of the disease in domestic animals. A killed vaccine may be more 
acceptable as opposed to the possibility of introducing live vaccine virus and 
creating a new foci of infection. Live attenuated vaccine has been used for 
many years in the interepizootic periods in Kenya (several million doses) and 
no focus of disease has been attributed to its use. 

The killed viral vaccines require more than one inoculation to produce a 
satisfactory antibody response and are more costly than attenuated vaccines. 
The principal advantage for killed vaccines is that the danger of accidental 
infection of operators with the live virus can be eliminated. This is important 
since RVF can be a fatal infection in humans. 

Passive Immunity 

Calves and lambs or kids born to mothers recovered from a RVF infection or 
vaccinated with the Smithburn strain of virus generally have neutralizing 
antibody to the virus in their sera. Maternal antibody is passed through the 
colostrum in the case of calves (Coakley et al., 1967b) and apparently in utero 
in sheep since some lambs born to vaccinated sheep have antibody before 
suckling (Weiss, 1962). 
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The use of hyperimmune serum to protect exposed animals may be suc
cessful if the serum is given soon after exposure. Such procedures are not 
possible on a large scale but may be used for very valuable animals. 
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13. LUMPY SKIN DISEASE AND 
PSElJDO-LUMPY SKIN DISEASE 

W. B. Martin 

Abstract. Lumpy skin disease (LSD) is a poxvirus infection of cattle in which cuta
neous nodules and lymphadenitis develop. The disease occurs sporadically in cattle in 
African countries. Generally the prevalence is low but serious epidemics may develop 
at intervals. Much of the epidemiological information suggests that transmission is 
indirect and that insects playa part in the spread of LSD. 

The main clinical signs are those of fever, the development of multiple, painful skin 
nodules and lymphadenitis. As lesions progress the center of the cutaneous lesions 
becomes hard, necrotic and difficult to remove (so-called "sitfasts "). On pathological 
examination lesions may be present in internal organs. Histology of the lesions shows 
the presence of intracytoplasmic inclusion bodies in epithelial and mononuclear 
cells. 

A clinically similar disease caused by bovid herpesvirus 2 (BHV2) is known as 
pseudo-lumpy skin disease (pseudo LSD). Bovid herpesvirus 2 is also associated with 
another clinical syndrome, that of mammillitis. Pseudo-LSD disease has been reported 
mainly from Africa and mammillitis from more temperate regions. 

In both syndromes skin nodules develop. Those on the teat break down readily into 
ulcers. On the hairy skin, nodules of the superficial layers become necrotic and, with 
the exudate, form a dry scab which eventually separates, leaving a hairless pigmented 
area. 

Histopathology of early lesions shows syncytial formation and eosinophilic intranu
clear inclusion bodies. 

Confirmation of LSD and pseudo-LSD is most accurately obtained by virus isola
tion. 

In 1929 a disease called "pseudo-urticaria" was recognized for the first time 
in Northern Rhodesia (now Zambia). In the following decade the same dis
ease was reported in other areas of Zambia and in the 1940s it was described 
in South Africa where it became known as "Ngamiland cattle disease." Since 
then this disease, now called lympy skin disease (LSD), has been recognized 
in East Africa in 1957 and subsequently in more northern countries of 
Africa. 

Confusion existed between true LSD and a somewhat milder disease with 
similar characteristics now known as pseudo-lumpy skin disease (pseudo-
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LSD). The separation into two diseases with different causal agents was made 
by Alexander et al. (1957). It is now recognized that LSD is caused by a 
poxvirus and pseudo-LSD by a herpesvirus. In this chapter the two virus 
infections are described separately. 

Lumpy skin disease 

Lumpy skin disease (LSD) is a poxvirus infection of cattle in which cutaneous 
nodules, lymphadenitis and other associated signs develop. 

Although initially LSD was not thought to be infectious, the way in which 
the disease spread during the 1940s suggested an infectious condition. In 
1945 it was shown to be transmissible to cattle by the inoculation of nodule 
suspension. A few years later a virus, sometimes referred to as van den Ende 
virus, was isolated and considered the cause of LSD. Since that time the van 
den Ende virus has been identified as a picornavirus unrelated to LSD. 

Etiology 

The LSD virus is a poxvirus belonging to the genus Capripoxvirus and has 
been termed the lumpy skin disease or "Neethling" virus. Neethling was the 
name of the farm where the virus was first isolated from cattle. Lumpy skin 
disease virus has physical characteristics similar to the orthopoxviruses, such 
as vaccinia, with large rectangular virions measuring 350 X 300 nm. The exter
nal coat of the virion contains lipid and tubular protein structures which cover 
lateral bodies and a DNA genome. The virus is ether and chloroform sensi
tive and produces no hemagglutinin. It is antigenically related to the viruses 
of sheep and goat pox but probably differs biologically because the geographi
cal distribution of LSD differs from sheep pox. 

The LSD virus replicates in calf and lamb kidney or testical cell cultures 
and produces cytopathic changes. The virus also replicates in sheep embryo 
cells, rabbit and chick cells. Lumpy skin disease virus produces plaques on 
the chorioallantoic membrane of developing chick embryos. On primary iso
lation cytopathic changes appear after about 10 to 14 days and progress 
slowly. With repeated passage, cell degeneration appears some days earlier. 
The cytopathic effect in infected monolayers includes small discrete groups of 
refractive round cells with a few elongated cells, giving each focus of infected 
cells a star-like appearance. As the cytopathic changes progress the monolayer 
becomes fenestrated with clear areas surrounded by strands of cells with long 
pointed extremities. 

In monolayers stained with hematoxylin and eosin intracytoplasmic inc1u-
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sion bodies are often seen close to one pole of the nucleus. These are round, 
oval or crescent shaped and are usually surrounded by a clear halo. Initially 
inclusions are somevvhat basophilic but as they increase in size they become 
acidophilic with basophilic granules (" inner bodies "). As cells die the cyto
plasm becomes eosinophilic and the nuclei degenerate. Much of the LSD 
virus in cell cultures appears to remain cell bound. Like other poxviruses, the 
LSD virus is very stable. There is no reduction in infectivity in 5 days at 
37°C, or at pH 6.6 to 8.6 (Weiss, 1963). The virus will also survive for 33 
days in lesions on salted hides and for 18 days on air dried hides at room 
temperature. 

Distribution 

Lumpy skin disease has been reported from most African countries but in 
many it has a low, sporadic or seasonal incidence. It has been reported from 
South Africa, Zambia (1929), East Africa (1957), Zaire, Sudan (1971), Chad 
(1973), Niger (1973) and Nigeria (1974). Countries in the near East and in 
Asia, with the exception of Bhutan, appear to be free of the disease. Lumpy 
skin disease does not occur in North or South America or in Europe. 

Epidemiology 

Lumpy skin disease affects all breeds of cattle, indigenous native as well as 
exotic breeds. In South Africa where sheep pox does not occur, LSD in cattle 
could not be transmitted to sheep. Sheep have, however, been blamed for 
introducing the disease into cattle in Kenya. Repeated passage of one isolate 
of LSD virus (Londiani strain) failed to infect goats but appeared to infect 
sheep successfully in Kenya. Uninoculated sheep from the same group, how
ever, had a skin condition clinically and pathologically like sheep pox (Cap
stick, 1959). The Isiolo sheep strain (probably sheep pox) initially caused 
lesions on intradermal inoculation into cattle but only for two successive 
passages. These cattle were immune when challenged with LSD virus. 

It seems probable that LSD occurs naturally only in cattle, and sheep are 
unlikely to be involved in its transmission. 

In South Africa the prevalence of LSD is low but occasional outbreaks of 
epidemic proportions have occurred at irregular intervals, apparently when 
there is a build-up of a susceptible cattle population. In some epidemics large 
numbers of cattle are involved. For example, in one serious epidemic in 
South Africa it was estimated that approximately 8 million cattle were 
infected with LSD; in Nigeria, where the disease appeared in 1974, about 
2000 cattle were believed to be affected. In contrast with the initial outbreak 
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in Kenya, movement of the disease was slow and few herds of cattle devel
oped the clinical disease. 

Lumpy skin disease can occur during any period of the year but outbreaks 
in South Africa were more prevalent during the summer months and died out 
after the first frost. In Nigeria the epidemic of 1974 occurred during the rainy 
season and ceased during the dry period. In some epidemics, cases of LSD 
occur with greater frequency in moist low areas. These observations suggest 
that LSD may be spread by arthropods. Furthermore, in 1957 during an 
outbreak of LSD in Kenya, exceptionally large numbers of Culex and Aedes 
mosquitoes were found breeding along the shores of the saline lakes. Out
breaks occurred on farms some distance from infected cattle and appeared to 
spread along cattle routes beside water courses. Quarantine measures have 
failed to control the spread of LSD. Lumpy skin disease poxvirus has been 
recovered from Biomyia jasciata and Stomoxys calcitrans flies feeding on 
affected cattle, but the actual method of transmission of LSD is still 
unknown. It is recognized that transmission does not take place directly 
between cattle although virus is present in lesions, blood and saliva of 
infected cattle. Intradermal and subcutaneous inoculation of virus seems to be 
a more effective route of transmission than intravenous inoculation. Trans
mission to suckling calves through the milk has been claimed. 

It has been suggested that one outbreak in Kenya followed the introduction 
of sheep to the farm, however, this association has not been confirmed 
elsewhere in East or South Africa. The disease is known to occur in cattle on 
farms close to the Kruger National Park in South Africa. Giraffe and impala 
can be infected experimentally, reSUlting in typical lesions and death but 
wildebeest and buffalo are refractory. The role of game animals in the main
tenance and spread of LSD is uncertain and needs further investigation. 

The herd morbidity rate of LSD is variable, ranging between 5 and 100 %. 
Mortality is generally negligible but may reach 10 %; Haig (1957) reported 
losses of up to 75% on some farms. It is likely that serious mortality occurs 
only when there are secondary bacterial invaders or other complications. 

Clinical Signs 

The incubation period of the natural disease is not known but LSD has 
occurred 2 to 5 weeks after exposure to infection. Following the inoculation 
of infective blood or tissue suspensions, lesions appear within 4 to 14 days 
and usually about day 6 or 7. 

Fever (40-41 DC) occurs early in many cases and may persist for up to 14 
days accompanied by ocular and nasal discharge and salivation. Raised, firm, 
circumscribed nodules of varying size and number appear on the skin and 
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subcutaneous tissue over which the hair stands erect. Some lesions may be as 
large as 5 cm in diameter. Crops of lesions occur on the muzzle, neck, brisket, 
back, perineum and thighs and the associated lymph nodes are markedly 
enlarged. White, flat or raised necrotic foci and erosions occur in the mouth 
where they cause excessive salivation; those in the mucosa of the nostrils 
result in snoring if large enough to obstruct the nasal passages. Other lesions 
may be seen on the vulva and pharynx. Conjunctivitis and keratitis have 
been observed, as has edema of the brisket and one or more limbs with no 
lameness. Marked loss of weight and cessation of milk production can result. 
Abortion has been reported with skin lesions on the fetus. In many cases, 
however, there may be little systemic disturbance. 

In the early stages lesions are painful and exude a little serous fluid. 
Sometimes skin lesions regress but usually separation from the surrounding 
skin occurs. The center of the lesion becomes dry, hard and necrotic - the 
so-called "sitfast". After 3 to 4 weeks this separates completely leaving a 
granulating area of tissue which heals after 2 to 3 weeks unless complicated 
by pyogenic bacteria (Capstick, 1959). 

Pathology 

Skin lesions extend through all layers to the subcutis. On section, nodules are 
firm, grey-white and circumscribed. The subcutaneous tissue beneath lesions 
usually contains a quantity of reddish serous fluid. Sometimes greyish 
nodules are present in the subcutis or in the muscles. Where edema of a limb 
is present, a yellow serous infiltrate is evident. Apart from the skin lesions 
the most striking feature is lymphadenitis. Some nodes are 4 to 5 times the 
normal size and petechial hemorrhages may be present. 

Lesions in the oral cavity are fairly common and may be present on the 
tongue, cheek, lips, palate and behind the incisor teeth. The raised grey
yellow plaques or nodules are covered with soft necrotic tissue which, on 
separation, leaves erosions and ulcers. Similar lesions can occur throughout the 
respiratory tract from the nasal passages to the lungs. The mucosa over the 
turbinate bones can be grossly thickened. Congestion and lesions in the lungs 
may be accompanied by patches of pneumonia. Scattered petechiae are fre
quent on the surface of the liver, spleen and kidney. The liver may be paler 
than normal and the liver and spleen may be enlarged. 

Histopathological examination of skin nodules shows severe inflammatory 
changes. The epidermis and sebaceous glands are greatly swollen, due mainly 
to enlargement of epithelial cells many of which contain large vacuoles. There 
is edema of the corium and dermal papillae, perivascular infiltration by mon
onuclear cells and some polymorphs, and thrombosis of small vessels. Acido-
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philic, oval or round intracytoplasmic inclusion bodies occur in mononuclear 
and epithelial cells and occasionally "in proliferating fibroblasts. Most inclu
sions are surrounded by a clear halo ~nd become more basophilic as lesions 
advance. Many cells with inclusions and some without show nuclear degen
erative changes similar to those present in sheep pox (Burdin, 1959). 

Lesions of the skin at the sitfast stage show coagulative necrosis of the 
surface layers which appears as lamellated hyaline material raised above the 
surrounding skin and covering the vestiges of the epidermis. In the subcutis 
there is venous thrombosis and perivascular accumulation of cells. At the 
edge of the lesion intracytoplasmic inclusions may be recognized in the 
epidermal and mononuclear cells. 

Immunity 

It is generally assumed that immunity to LSD is likely to persist for several 
years. The value of some early reports on the shortness of immunity to LSD 
is doubtful because of the more recently discovered condition of pseudo
LSD. 

Neutralizing antibodies to LSD virus are detectable for at least 5 years 
(Weiss, 1963). Capstick (1959) noted that focal skin thickening and pain lasted 
for several weeks when cattle were reinfected by intradermal inoculation up to 
9 weeks after initial infection. 

Laboratory Aids to Diagnosis 

Diagnosis in the past depended on histological confirmation of lesions and the 
presence of eosinophilic intracytoplasmic inclusions in cells in the lesions. 
Virus isolation in appropriate cell cultures is now advisable. The fluorescent 
antibody technique will confirm a diagnosis 48 h after inoculation of lamb 
testes cell cultures with suspected material. Vaccinia-type particles can also be 
identified by direct electron microscopic examination of phosphotungstic acid
stained preparations from biopsy material, crusts or fluid from lesions (Davies 
et al., 1971). 

Prevention and Control 

Restricting the movement of stock and dipping do not appear to be very 
effective in controlling outbreaks. The slaughter of clinical cases and insecti
cide spraying in addition to movement restrictions appeared, however, to confine 
the disease when it broke out in Kenya. 

The prophylactic use of vaccines is likely to be the only successful means 
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of preventing and controlling epidemics. Attenuated LSD virus has been used 
in South Africa. This vaccine, injected subcutaneously, causes a temporary 
local reaction in about 50% of vaccinated cattle and stimulates high titers of 
antibody. Antibodies are difficult to detect in cattle not developing a local 
reaction, however, all are immune when challenged. Production of this vac
cine is described by Weiss (1963). 

Vaccination of cattle with sheep pox virus has been used in Kenya to 
control the disease but this vaccine can be used only where sheep pox 
exists. 

Pseudo-lumpy skin disease 

Bovine mammillitis, bovine herpes mammillitis and bovine ulcerative mammil
litis are synonymous with pseudo-lumpy skin disease (pseudo-LSD). 

The confusion between lumpy skin disease (LSD) and pseudo-LSD was 
clarified by the work of Alexander et al. (1957) who showed these to be two 
diseases caused by different viruses. 

Pseudo-LSD is the name given to the herpesvirus infection of cattle asso
ciated with skin nodules. This herpes virus is also known to cause lesions on 
the teats and udders of cattle, therefore, the terms bovine mammillitis, bovine 
herpes mammillitis and bovine ulcerative mammillitis virus have also been 
applied to the disease. 

Pseudo-LSD virus was originally isolated in South Africa from cattle on a 
farm called Allerton. The virus was termed "Allerton" and is sometimes still 
referred to by this name. The herpesviruses are not yet grouped officially but 
it has been suggested that the pseudo-LSD herpesvirus should be classified as 
bovid herpesvirus 2 (BHV2). In this article the virus will be called by this 
term to avoid confusion over the several names which have been applied. 
Isolates of BHV2 have been given titles depending on their origin such as 
Allerton (South Africa), bovine mammillitis (Britain), 6911 LO (Italy) and 
dermopathic herpesvirus (USA). A useful review of the BHV2 diseases is 
given by Cilli and Castrucci (1976). 

Etiology 

Bovid herpesvirus 2 is an enveloped particle with a double stranded DNA 
nucleocapsid of cubic symmetry with hollow capsomeres. The particle has a 
diameter variously estimated as 80 to 150 nm. Like other herpesviruses it 
replicates initially in the nucleus of infected cells and acquires a lipoprotein 
membrane during passage through the nuclear membrane. 
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The virus grows readily in bovine and lamb cells and in cat, rabbit and 
some human cell cultures. The virus will also grow in several cell lines such 
as BHK21 and MDBK. Cytopathic changes generally appear within one day 
to one week, depending on factors such as the concentration of virus. Large 
multinucleated cells develop in infected monolayers. Acidophilic Cowdry type 
A inclusions can be seen when stained with hemotoxylin and eosin. 

Bovid herpesvirus 2 is inactivated at pH 3 and by treatment with ether and 
chloroform. It is sensitive to heat at 50°C for 30 min and is destroyed by 
iodophore disinfectant at a dilution of 11320 within 20 s. 

Distribution 

For many years infection with BHV2 virus was known only on the Continent 
of Africa, having been reported from South Africa, Kenya, Tanzania and 
Ruanda-Urundi. In 1963 the virus was isolated from cows in Britain and has 
since been found in other European and African countries, the United States 
and Australia. It is probable that BHV2 infection of cattle is worldwide. 

Outbreaks of the disease are generally limited in extent and in the number 
of animals involved, though occasional outbreaks have included many herds 
within an area. Ten herds in one west district of Scotland were affected in one 
year, involving an average of 57 % of cattle (Martin et al., 1966). 

Epidemiology 

All ages of cattle (Bas taurus and Bas indicus) and both sexes are susceptible to 
infection with BHV2. With the exception of buffalo (Syncerus caffer) other 
animals do not appear to be naturally affected with the disease. Experimen
tally it is possible to infect rabbits and guinea-pigs which develop local skin 
lesions on intradermal or subcutaneous inoculation. Mice and rats up to 5 
days of age will develop inflamed lesions of the skin, particularly of the 
extremities when inoculated with virus and many will die. It is doubtful if 
sheep can be infected but goats develop lesions from which virus can be 
reisolated; pigs also show skin lesions and fever. 

Cattle skin lesions contain virus which in the serous fluid titers at loglo 6 to 
7 per m!. Virus is also present in saliva, nasal discharge and milk, and has 
been recovered from leukocytes and occasionally from urine, feces and 
semen. 

The transmission of peudo-LSD is unknown but fly-borne infection has 
been suggested. Because only intravenous inoculation results in widespread 
nodules, it is possible that an arthropod vector produces hematogenous infec
tion. Virus was isolated from nymphs and adults of the tick Rhipicephalus 
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appendiculatus which were fed on buffalo experimentally infected with BHV2. 
Little additional information is available to explain the mammillitis form of 
disease which occurs mainly in dairy cows. In affected herds, lesions fre
quently appear first in primiparous cows (heifers) within about 3 days of 
calving. It was unlikely that infection occurred following calving and it was 
suggested that cattle were infected several weeks previously but failed to 

develop recognizable lesions. Depression of cell mediated immunity at the 
time of parturition may permit virus replication and the development of 
lesions. Supporting this theory, BHV2 was recently shown capable of latent 
infection for several months (Martin and Scott, 1979). 

Spread of infection within herds may follow two patterns. In some herds 
few cows become infected, in other herds with many susceptible cows, most 
animals develop lesions. Mechanical spread appears to occur sometimes, pre
sumably during the process of milking. 

Transmission between herds is not readily explained because the disease 
may break out even in closed herds. Biting flies may act as vectors of virus 
even in temperate regions. Stomoxys calcitrans can be infected experimentally 
by allowing the fly to feed on infected fluids but transmission to cattle has 
not yet been proven. 

Clinical Signs 

Two clinical forms of BHV2 virus infection are known, multiple skin nodules 
(pseudo-LSD) and plaques and ulcers on the teats and mammary glands of 

Fig. 1. Widespread lesions of experimental pseudo-lumpy skin disease. 
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Fig. 2. Lesions of herpes mammillitis on the teats of a dairy cow. 

cows (herpes mammillitis) (Figs. 1 and 2). The former is seen mainly in 
tropical regions, and may reflect a difference in the method of transmission, 
however, both skin nodules and mammary lesions have been noted in some 
outbreaks in Africa. All isolates of BHV2 virus will produce pseudo-LSD on 
intravenous inoculation. Intradermal or subcutaneous inoculation on the teat 
or other areas of skin generally results in the development of a local lesion 
only. 

The incubation period following experimental inoculation of virus is 5 to 8 
days for pseudo-LSD (Capstick, 1959) and 2 to 9 days for herpes mammillitis 
(Martin, 1973). 
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In the generalized form of the disease firm, round, raised nodules 1 to 3 cm 
in diameter with flat surfaces and slightly depressed centers appear on the 
skin of affected cattle. Some animals may have few nodules but others have 
widely distributed mUltiple lesions. The sites most frequently affected are the 
head, neck, back and perineum. The mammillitis form affects the teats, 
mammae and perineum. Occasionally a vesicle is seen in the early stages but 
usually the initial lesion is a raised circumscribed plaque involving the wall of 
the teat, sometimes causing distortion of its contour. The diameter of such 
lesions is usually 1 to 2 cm. 

In the early stages of lesions, whether on the hairy skin or teat, some 
exudate occurs in which the content of virus is high. Necrosis of the super
ficial layers of the epidermis results in the formation of ulcers with irregular 
borders on the teat probably due to trauma from milking or sucking. The 
lesions are extremely sensitive and heal slowly with scab formation. Udder 
lesions are often more extensive and have large areas of necrotic skin coated 
with dried serum covering the udder. When this separates, large strips of 
dead skin peel off giving rise to the term "skin gangrene" of the udder. 

On the hairy skin the exudate and necrotic superficial layers of skin form a 
dry scab covering each lesion. In time this scab separates with the dead hair, 
leaving a hairless pigmented scar in which the hair slowly regrows. 

Lesions are seen on the muzzle and in the mouths of calves in infected 
herds. These generally form circular areas of necrosis or ulceration on the 
mucosa of the lips or rhinarium. Experimentally such lesions, as well as 
others in the nostrils, are seen in cattle with generalized infection. Bovid 
herpesvirus 2 ulcers are also found on the scrotum and vulvas of experimen
tally-infected cattle. 

Pathology 

In the early stages of lesion development, histological changes include severe 
inflammation of the epidermis and formation of syncytia. Eosinophilic or 
slightly basophilic intranuclear inclusion bodies are found in the syncytia and 
in cells of the strata germinitivum and spinosum. Severe epidermal necrosis 
rapidly follows with heavy infiltration of polymorphonuclear leukocytes, 
affecting hair follicles and sebaceous glands in the skin. Many cells contain 
inclusions which fill the nucleus. Within a few days these inclusion bodies 
become much less numerous, marked necrosis of the epidermis is still evident 
and there is ulceration of the dermis. About 10 days after the initial reaction 
much of the epidermis seems normal but patches of debris composed of dead 
epidermis, leukocytes and old hemorrhage are evident. By about day 30 most 
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of the epithelium appears normal; however, slight edema and inflammatory 
reaction persists in the dermis. 

In the early lesions virus particles. with single membranes pack the nuclei of 
infected cells. Virus with double membranes are seen in the cytoplasm. 

Immune Response 

In cattle infected experimentally, virus-neutralizing antibodies are generally 
detectable about 3 to 7 days, and titers continue to rise until about 3 to 4 
weeks after the initial appearance of lesions. Peak titers are generally low 
( < 1 /l 00) and some studies indicate these decline within 2 to 4 months. 
Other workers claim that in infected herds antibodies are still present after 4 
years. The difference in these findings may be explained by infection recy
cling within a herd or latent infection in certain cows with undetected epi
sodes of disease. 

Precipitin and complement-fixing antibodies are usually present 6 to 10 
days after infection. Complement-fixing antibodies usually peak by 3 weeks 
then decline. Precipitin antibodies remain undiminished in intensity for at 
least one month. No information is available on cell-mediated responses in 
BHV2 infection. 

It is likely that cattle are immune at least for several months after infection, 
although intradermal inoculation of virus in convalescent cattle may produce 
a transient local thickening of the skin. 

LaboratolY Diagnosis 

Virus isolation can be used to confirm a diagnosis of BHV2 infection. For 
recovery of virus the exudate from early lesions is valuable. This may be 
obtained by swabbing or sucking the fluid into a syringe and needle, then 
placing it in virus transport medium which is kept cool during transportation 
to a laboratory. Scabs from older lesions are of less value than scrapings or 
biopsy samples. 

Histological examination may confirm the presence of lesions typical of 
BHV2 infection. A rise in serum antibodies may be helpful in establishing 
evidence of infection but single serum samples are of little value except to 
confirm that the disease has been present in cattle. 

Prevention and Control 

No commercially produced vaccines are available. Live virus vaccines have 
shown protection against challenge infection for at least 8 months (Rweyema-
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mu and Johnson, 1973). It should be emphasized, however, that latent infec
tions with BHV2 do occur and live virus vaccines should be used only in 
infected herds. 

Because the mode of transmission is unknown, the application of control 
measures is not possible. In dairy herds with BHV2 mammillitis, transmission 
throughout the herd may be controlled by hygienic measures such as milking 
affected cows last and dipping teat cups in iodophore disinfectant after milk
ing each cow. 

Treatment of affected cattle is difficult. Systemic antibiotics, corticosteroids 
and antihistamines have no apparent effect. Light applications of emollients 
prior to milking have been recommended to reduce trauma. Preparations of 
halogenated deoxyuridines, e.g., bromo-deoxyuridine (BUDR), have a specific 
inhibitory effect on the replication of herpesviruses and may be tried. 
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14. EPHEMERAL FEVER 

W.B. Martin 

Abstract. Bovine ephemeral fever is a non-contagious arthropod-borne virus disease 
which affects cattle in many tropical and subtropical countries. The disease is short 
and generally lasts only a few days. Signs are fever and lameness. Epidemic outbreaks 
of the disease occur in Africa and Australia. Few characteristic lesions are evident at 
necropsy. Vaccines have been produced which will protect, but the protective immun
ity does not seem to endure. 

Disease 

Bovine ephemeral fever is an arthropod-borne virus disease of cattle charac
terized by a short acute febrile illness with rapid recovery and seasonal 
occurrence. Because of the brevity of the clinical illness, it is also known as 
" three-day sickness". Other synonyms are stiff sickness and in Japan, bovine 
epizootic fever. 

Etiology 

The virus of ephemeral fever is bullet or cone-shaped, measuring about 70 by 
175 nm. Features similar to the rabies virus place it in the family Rhabdovir
idae (Della-Porta and Brown, 1979). Morphologically, Australian and Japanese 
varieties of the virus appear to be bullet-shaped in contrast to the South 
African ones which are cone-shaped; antigenically they are related (Lecatsas 
et al., 1969). 

The virus can be adapted to grow in the brain of unweaned mice or 
hamsters where it develops by budding from the marginal membranes of 
infected neurons. Several passages in mice may be necessary before uniform 
illness and death occur. Virus will also replicate and produce cytopathic 
effects in baby hamster kidney (BHK21) and monkey (Vero and MS) cell 
lines. Ephemeral fever virus will form plaques in Vero cells under an agar 
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overlay. Cell culture systems do not appear to be more sensitive than mouse 
inoculation for the isolation of virus (Snowdon, 1970). 

The virus contains RNA and is sensitive to ether and desoxycholate treat
ment. Virus infectivity is lost in 18 h at 37°C or 120 h at 25°C and within 
19min at pH 2.5, 60 min at pH 5.1 and 90 min at pH 9.1 (Heuschele, 
1970). 

Isolates of ephemeral fever virus appear to vary in their virulence for cattle 
following experimental inoculation (Tzipori et al., 1975). 

Distribution 

The disease was first recorded in Central Africa in 1867 and is now known to 
be widely distributed in tropical and subtropical parts of the old world; it has 
been reported from many African countries, India, Pakistan, Palestine, Indon
esia, Japan and Australia. Prior to 1936, ephemeral fever was unknown in 
Australia but since then there have been several major epidemics with leng
thy intervening periods during which the disease was subclinical or only 
sporadic cases were seen. Similarly in Kenya, where a major outbreak was 
noted in 1968, epidemics occur only periodically. 

Epidemiology 

An excellent eariy account of many features of ephemeral fever is given by 
Mackerras et al. (1940). Ephemeral fever is recognized as a naturally occurring 
clinical disease only in cattle (Bos taurus and B. indicus) and domestic water 
buffalo (Bubalus bubalis). Though the precise arthropod vector is uncertain, 
minute, biting sand flies belonging to the family Ceratopogoridae are abundant 
in areas of Australia where the disease occurs and have been suggested as 
carriers of the virus (Mackerras et al., 1940). More recently, ephemeral fever 
virus has been isolated from five species of the Culicoides midge. There is 
epidemiological evidence from Kenya that the distribution of antibody in 
cattle and game animals is similar to that Culicoides (Davies et al., 1975). 
Ephemeral fever virus will multiply in mosquitoes of Culex and Culicoides 
after feeding on infected blood. Attempts to transmit ephemeral fever cycli
cally by means of the tick Rhipicephalus appendiculatus or by the interrupted 
bites of Stomoxys calcitrans have not been successful. 

Outbreaks of the disease are known to occur a few weeks after rainy 
periods; in Kenya an association between epidemics and greater than average 
rainfall has been noted (Davies et al., 1975). Vectors of the disease may 
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spread rapidly by wind; spread of the disease over a 3000 mile range within a 
5-month period has been recorded. 

Following infection, virus is present in the blood of cattle for about 5 days 
where it is readily available to blood-sucking insects. Direct intravenous inocu
lation of volumes of blood as small as 0.002 ml will result in disease in 
susceptible cattle, whereas subcutaneous or intradermal routes are less suc
cessful. Blood is infective immediately before, during and for about 4 days 
after the fever, and the virus seems to be associated with the leukocyte
platelet fraction. With repeated cattle passages the infectivity of blood appears 
to be reduced. Nasal discharge is occasionally found to contain virus as are 
spleen and lymph node, but the infectivity is low. It is unlikely that infection 
could be transmitted directly by nasal discharge. 

Antibodies have been found in several species of game animals in Kenya, 
particularly buffalo and waterbuck, indicating that these animals as well as 
domestic cattle can act as reservoirs of the virus. Antibody present in game 
animals is believed to be specific for ephemeral fever virus. Illness in these 
animals has not been reported during major epidemics, suggesting that the 
disease is subclinical. As many extensive ranching systems in Africa carry 
wild game on their premises, it is possible that these act as amplifying or 
reservoir hosts of the virus. Sentinel herds in Australia have shown that virus 
can persist in herds without apparent disease. 

Ephemeral fever does not produce disease in sheep, goats, horses, pigs, 
dogs, guinea pigs or chick embryos (Mackerras et al., 1940). Day-old chicks 
cannot be infected. Antibodies do not appear to develop in sheep or pigs after 
experimental inoculation of virus. 

Clinical signs 

Following experimental inoculation, the incubation period is generally 2 to 4 
days but can range from 2 to 10 days. Clinical signs start with a sudden fever 
reaching 103 to 108 of, followed by nasal discharge, anorexia, stiffness, mus
cle twtchings, shivering, shifting lameness and even recumbency. Generally 
these signs are of short duration and recovery takes place within a few days. 
On the day the fever is highest, affected cattle are often completely anorectic, 
drink little though they appear to be thirsty and may dip their muzzles in 
water, and are extremely depressed so they stand with head down and ears 
flat against the neck. Sometimes a small trickle of saliva will run from the 
mouth and there is often a serous or sero-mucous nasal discharge. The 
respiratory rate is usually increased. On the second day of fever, stiffness and 
marked lameness can develop which may shift quickly so that lameness 
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occurs in different legs within a few hours. Occasionally lameness may persist 
for several weeks after other signs have disappeared. About 50% of affected 
cattle become recumbent for 8 to 24 hours but some remain down for days 
and may die or have to be killed. Older and heavier cattle may show the 
disease more obviously than younger ones and morbidity is usually greater in 
adult cattIe than in calves. Swelling of the joints may be evident and milk 
cattle generally cease production, at least temporarily. There may be discom
fort during milking and the milk may be watery and contain blood. Subcuta
neous emphysema has been described as an exceptional complication and 
excitability and even aggression have been noted. A rapidly developing neutro
phil leukocytosis has been described which coincides with the onset of fever 
(Mackerras et al., 1940). 

In epidemics 1 to 80% of a herd may develop signs of the disease and loss 
of milk production can be significant. During the 1955 epidemic in Australia 
78 % of 27 240 dairy cattle were affected in 394 herds. Approximately 90 % of 
the cows and heifers but only 25 % of the calves showed clinical signs 
(Spradbrow and Francis, 1969). Despite the alarming signs of illness, the 
disease is generally benign and recovery occurs rapidly with little mortality. 
Where mortality does occur it is usually in less than 2 % of the affected 
animals and may result from prolonged recumbency, apparently due to motor 
paralysis and the resulting secondary infection or lack of water and dehydra
tion. Colostrum-deprived newborn calves inoculated intravenously with virus 
develop severe clinical signs and viremia (Tzipori, 1975). There is no evidence 
that ephemeral fever virus causes abortion or damage to the fetus following 
either natural or experimental infection. Generally the sudden onset of symp
toms shown by several cattle about the same time allows a diagnosis to be 
made. Confirmation may be obtained by virus isolation, the sub-inoculation 
of blood or in some instances the development of antibody. 

Pathology 

Since most cattle recover rapidly, few are available for necropsy and much of 
the pathologic information comes from experimental studies. Pathological 
changes are not always definite. There may be swelling and edema of the 
carcase lymph nodes, inflammation of the abomasal mucosa, enlargement of 
the spleen which appears reactive with the Malpighian corpuscles pouting 
from the cut surface, renal engorgement and a fibrinous exudate on serosae. 
A serofibrinous synovitis is often present with increased fluid, sometimes 
containing deposits of fibrin and a roughened synovia. Around the affected 
joints there is a periarthritis. The nasal mucosa may be intensely inflamed 
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and the lungs congested. There is edema of the brain and even hemorrhage 
on the surface of the brain and in the meninges. Focal necrosis of skeletal 
muscle and local necrosis of the skin have been described. 

Histological examination of cases of ephemeral fever shows that vascular 
changes occur which vary in distribution and severity (Basson et al., 1969). 
These changes consist of swelling and hyperplasia of endothelium, necrosis of 
the muscle coat of small arteries, perivascular cellular reaction and fibroplasia. 
Occasionally thrombosis of vessels in the muscle tissue occurs. Mackerras et 
al. (1940) noted in all cases engorgement of the lung, swelling of alveolar 
walls, collapse of and exudate in alveoli and bronchial and bronchiolar exu
dation. Sometimes these changes may be extensive. The lymph nodes 
throughout the body show dilatation of channels and evidence of activity in 
the germinal centers. 

Immune response 

Evidence regarding the duration of immunity following infection is conflict
ing. Some reports suggest that immunity is solid whereas other, particularly 
field observations from Africa, indicate that protective immunity may be as 
short as 6 weeks. Experimental challenge infection with the homologous 
strain of virus has proved that immunity can last for up to 2 years (Mackerras 
et al., 1940) and antibodies may be present for long periods (Tzipori, 1974). 
An apparent correlation between the presence of neutralizing antibody and 
resistance to challenge infection has been noted. Some isolates of ephemeral 
fever virus show reduced virulence for cattle and do not multiply readily or 
produce a lasting antibody response. 

At present there is no clear evidence that strains of virus from cattle differ 
antigenically, but isolates from mosquitoes in Australia were found to be 
antigenically different (St. George and Standfast, 1976). Recovered animals 
show complement-fixing and neutralizing antibodies in their serum. 

Laboratory aids 

Virus isolation may be attempted either by intra-cerebral inoculation of mice 
or by use of baby hamster (BHK21) or monkey kidney cell lines. The primary 
isolation of ephemeral fever virus is difficult; several virus passages may be 
needed before it becomes adapted to growth in cell cultures or mice. 

Antibodies may be detected by serum neutralization or complement-fixa
tion tests. Virus antigen can be detected in the cytoplasm of leukocytes in 
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smears from the infected blood of cattle by means of fluorescent antibody 
tests. The test is claimed to be a sensitive and accurate method for diagnosing 
the disease and could be used under field conditions (Theodorides, 1969). A 
hemagglutination test has not been described. 

Prevention and control 

Vaccines of different types have been used to immunize cattle against ephe
meral fever. The rapid loss of pathogenicity for cattle following passage in 
mice or cell cultures has allowed the development of avirulent strains of the 
virus as possible attenuated vaccines. Most of these strains are still under test 
and some have given satisfactory results but as yet are not available commer
cially. In preparation of vaccines, high virus titers cannot always be produced 
and the antibody which results following vaccination may not be enduring. 
Field trials of virus passaged by serial transfer between calves and Vero cells 
have been undertaken (Tzipori, 1974). Viremia probably does not occur with 
many attenuated vaccines and spread by arthropod vectors seems unlikely. 

Formalin-inactivated vaccines prepared from virus grown on cell cultures 
and adsorbed onto aluminum hydroxide gel have also been examined. Atte
nuated virus has also been adsorbed directly onto aluminum hydroxide. This 
process seems to inactivate over 90% of the virus (Tzipori, 1974). Two doses 
of vaccine stimulated higher levels of neutralizing antibodies and gave 
better protection against experimental challenge than a single dose. Vaccinal 
antibody responses, however, wane faster than those resulting from infection 
with virulent virus (Spradbrow, 1975). Control of ephemeral fever by means 
other than vaccination is not possible. 
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15. BOVINE VIRAL DIARRHEA 

Robert F. Kahrs 

Abstract. Bovine viral diarrhea (BVO) is an endemic infection of cattle caused by an 
RNA virus of the genus pestivirus of the family Togaviridae. Infection is usually 
inapparent but can result in abortion or congenital anomalies, respiratory signs or a 
frequently fatal systemic disease (mucosal disease) characterized by diarrhea, necrosis, 
and erosions of the alimentary tract. 

The infection can be diagnosed serologically or by viral isolation and the disease can 
be recognized by clinical signs and specific lesions. 

Control is based on use of modified live virus vaccines. 

The disease 

Bovine viral diarrhea (BVD), sometimes called bovine viral diarrhea-mucosal 
disease (BVD-MD) or mucosal disease, was first recognized in the USA 
(Olafson et al., 1946) when herd outbreaks of an acute, frequently fatal, 
rinderpest-like syndrome with ulcerations of the alimentary mucosa and diarr
hea occurred. Concurrently, similar cases with variations in severity, chronic
ity and sporadicity were described as mucosal disease (Ramsey and Chivers, 
1953). For some time it was thought that several different infections existed. 
The term" mucosal disease complex" describes a gamut of acute or chronic 
syndromes with crusting of the muzzle and ulcertaion, erosion, necrosis or 
hemorrhage in mucosa throughout the bovine alimentary tract. As diagnostic 
technology developed, it became evident that diseases diagnosed as mucosal 
disease have many causes including the viruses of BVD, malignant catarrhal 
fever, rinderpest, bluetongue, occasionally infectious bovine rhinotracheitis, 
and possibly other microorganisms. 

The majority of BVD infections are non-clinical with biphasic temperature 
elevation and leucopenia followed by a specific immune response measurable 
by neutralization tests on serum. 
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Etiology 

Bovine viral diarrhea is an endemic infection of cattle caused by an RNA virus 
classified as a pestvirus of the family Togaviridae (Andrews et al., 1978). 
Some strains of BVD virus are easily isolated because of distinctive cytophatic 
effects (CPE). Non-cytopathogenic strains require use of indirect techniques, 
or immunofluorescent techniques for identification. The virus is immunolog
ically related to hog cholera (swine fever). 

Distribution 

Serologic surveys indicate worldwide distribution of BVD virus. Antibody 
prevalences ranging from zero to 100% of adult cattle tested (with averages 
around 50%) have been reported in Africa, Europe and North America and 
the Middle East (Abraham and Barzilai, 1972). The virus replicates in swine 
and sheep (Ward, 1971) but these hosts are probably not highly significant in 
its transmission or perpetuation in the nature. 

Epidemiology 

Epidemiologically, BVD is characterized by widespread distribution, easy 
transmission, high antibody prevalence, frequent inapparent or undiagnosed 
infections, an irregular incubation period, and some chronic persistent infec
tions. 

Sheep and swine can be infected. Antibodies have been detected in deer 
and other wild ruminants. Cattle are probably the principle reservoir. Cow to 
cow contact probably explains most transmission. The presence of persistently 
infected (usually unthrifty) cattle probably aids perpetuation of the virus in 
populations. Continued addition of new susceptible animals to a herd, how
ever, is equally important. A true latent persistent infection, capable of reac
tivation by corticosteroids, has not been demonstrated. On the other hand, 
steroid inoculation prior to exposure seems to intensify the clinical manifes
tations (Bittle and House, 1973). 

Clinical signs 

There is a variety of clinical disease patterns attributed to BVD. These vary in 
severity from inapparent non-clinical infection or mild febrile disease (often 
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suspected as being a respiratory disorder) to an acute fatal syndrome. A 
chronic debilitating infection can also occur. Sometimes losses occur in epi
demic proportions but are usually sporadic and affect less than 1 % of exposed 
populations. Abortion and congenital anomalies (Kahrs, 1973) may be the 
major economic impact of BVD. When totally susceptible populations are 
infected, however, the morbidity and mortality can be impressive. 

In populations in which BVD is endemic, there is sporadic occurrence of 
clinical cases of a rinderpest-like disease characterized by fever, leucopenia, 
erosions of the alimentary mucosa, and an intractable diarrhea with dehydra
tion preceding death. Such cases are usually 6 to 24 months of age and in 
contact with clinically normal herd mates undergoing inapparent infection. If 
carefully examined, these may be found to have sparse erosion or ulceration 
of the oral mucosa or epithelial sloughing of cheek papilla. Occasionally, as 
was the case in the first reported outbreaks, adult cattle may manifest a 
similar syndrome. When fatal cases occur among mature cattle, however, it 
usually involves a totally susceptible population with fatalities occurring in 
cows under stress of recent parturition or other disease. This suggests that 
clinical BVD should be considered a complicating syndrome associated with 
the animal's inability to resist an otherwise mild infection. 

The chronic form of BVD develops as a sequel to either non-clinical 
infection or non-fatal clinical cases. These cattle manifest continuous or 
intermittent diarrhea, nasal discharge and sometimes a severly crusted muz
zle. If examined repeatedly, these cattle can be seen to have oral necrosis and 
ulceration which heals rapidly and then recurs. Usually such cattle are 
unthrifty and unproductive and are culled. 

Infections of intermediate severity are frequently diagnosed as nonspecific 
respiratory disease because elevated temperature, excess nasal discharge and 
rapid breathing are observed. 

When it occurs simultaneously with other infections in feedyards or other 
intensive husbandry situations, BVD contributes to the bovine respiratory 
disease complex. When occurring singularly in non-intensive conditions, 
however, it is usually a mild endemic infection. Under these conditions, its 
economic signficance lies in its effects on the developing fetus. 

If a pregnant cow is susceptible to BVD at the time of primary infection 
(clinical or non-clinical), a variety of fetal abnormalities can result (Kahrs, 
1973). These include abortion (Carsaro et al., 1971; Kendrick, 1971), fetal 
mummification (Kendrick, 1971; Scott et al., 1973) and cerebellar and ocular 
disorders (Scott et at., 1973). Many fetuses survive maternal infection and the 
nature of fetal disease appears related to gestational age at the time of fetal 
infection. Abortion and fetal mummification appears most commonly in 
fetuses infected in the first trimester. Congenital anomalies appear most 
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common in fetuses affected in the second trimester. Birth of weak or normal 
calves with humoral antibody produced in utero can occur in calves infected 
during the last trimester of gestation. 

Pathology 

The BVD virus has an affinity for lymphocytes, causing leucopenia and 
lymphoid depletion in lymph nodes and Peyers patches. It has been suggested 
the BVD infection has an immunosuppressive or immunodepleting effect 
(Johnson and Muscoplat, 1973) which contributes to its clinical role and its 
ability to participate as one component of multiple-cause syndromes (Heus
chele, 1978). The lesions consist of hyperemia, necrosis, ulcerration and 
erosions of alimentary tract mucosa (Ramsey and Chivers, 1953). The classic 
lesions are found in the mouth (ulcers), esophagus (linear erosions), and 
Peyers patches (hemorrhage, necrosis or lymphoid depletion). In many cases 
classic lesions are sparce. 

Immune response 

Following primary infection, serum antibody, measurable by the virus neu
tralization and complement fixation tests, appears. Humoral neutralizing anti
body is related to immunity (Robsen et a/. , 1960; Shope et al., 1978) and 
appears to be protective. Lack of detectable antibody has been associated with 
persistent viremia and chronic unthriftiness (Malmquist, 1968) and with 
altered responsiveness of humoral lymphocytes (Johnson and Muscoplat, 
1973). 

Colostrally acquired passive antibody affords partial protection which per
sists for 2 to 11 months, depending on initial titer (Kahrs et al., 1966; 
Malmquist, 1968). Fetuses infected in utero can be born with active immunity 
(Braun et al., 1973). 

Laboratory aids to diagnosis 

Virus isolation can be accomplished from nasal or conjunctival swabs from live 
animals or from spleen or lymph nodes harvested at necropsy. Cytopathogen
ic strains are readily detected in cell cultures and noncytopathogenic strains can 
be detected by immunofluoerescence or an interference test (Malmquist, 
1978; Carbrey et al., 1971). 
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Serologic diagnosis requires detecting development of antibody (seroconver
sion) or a significant rise in titer by comparing serum collected early in the 
course of infection and again 2 to 3 weeks later. Use of serology is limited 
because many clinically affected cattle die before developing neutralizing 
antibody and because chronic cases can persistently be infected and lack 
detectable antibody (Coria and McClurkin, 1978). Because of wide-spread 
antibody prevalence resulting from non -clinical infection, vaccination or 
colostral acquisition by neonates, testing single serum spe.:imens has limited 
diagnostic value except as a retrospective means of eliminating BVD in herd 
problems. 

Prevention and control 

The ubiquity of endemic BVD infection and its ease of transmission make it 
unreasonable to attempt control by isolation of cattle. 

A modified live virus (MLV) vaccine has been developed. Although con
troversial, it has widespread use. The vaccine should be administered after 6 
months of age, by which time most colostrally-acquired maternal antibody 
has dissipated. Because of its abortifacient properties, it should not be admin
istered to pregnant cattle. At one time, BVD vaccine-induced immunity was 
regarded as being relatively solid and affording protection for the lifespan of 
most cattle. This concept is currently challenged (Heuschele, 1978). 

Aside from contraindication'S for pregnant cattle, the other safety concern 
associated with BVD vaccine has been developement of "post-vaccination 
mucosal disease" (Chennekatu et at., 1967). This condition, resembling the 
clinical disease, appears within 3 weeks of vaccination. It is frequently blamed 
on vaccine and has been stated to be more prevalent when BVD vaccine is 
used in combination with other MLV vaccines. Actually, some so-called post 
vaccination disease is probably natural disease occurring in cattle already 
e>;Josed at the time of vaccination. 

It has been shown that calves treated with corticosteroids prior to vaccina
tion have a higher probability of "post-vaccination mucosal disease" (Bittle 
and House, 1973). It has been speculated that clinical expression of the 
otherwise mild infection may require a certain immunologic ineptness on the 
part of the infected individual. Inactivated vaccines have been studied exper
imentally (McClurkin et al., 1975). 

Therapy of clinical cases is of limited value. Mild infections disappear 
spontaneously and severe cases frequently succumb despite use of antidiarr
heals, antibiotics for control of secondary infections, and various other reme-
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dies. Massive blood transfusion may prolong survival time but severe cases 
usually succumb when transfusions are discontinued. 
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16. INFECTIOUS BOVINE 
RHINOTRACHEITIS 

Robert F. Kahrs 

Abstract>, Infectious bovine rhinotracheitis (IBR) is a herpesvirus infection with diverse 
consequences including non-clinical inapparent infection, upper respiratory disease, 
conjunctivitis. lesions of the mucous membranes of the male and female reproductive 
tract, abortion. and occasionally encephalitis. The virus is readily transmitted and has 
worldwide distribution. It is perpetuated in populations by latent persistent infections 
which can be reactivated by stress. 

The disease can tentatively be diagnosed on the basis of clinical signs and distinctive 
tissue lesions. Definitive diagnosis requires laboratory tests of which a variety are 
available. 

The control of IBR is based on vaccination with inactivated or modified live virus 
vaccines. 

The disease 

Infectious bovine rhinotracheitis CIBR. necrotic rhinitis, rednose, infectious 
necrotic rhinotracheitis) was first described in 1955 as a new respiratory 
disease of feedlot cattle in western USA. Isolation of the virus was accom
plished soon thereafter (Madin et al., 1956). It was soon recognized in dairy 
cattle and later associated with infectious pustular vulvovaginitis (IPV) and 
abortion. Infectious pustular vulvovaginitis was present in Europe for years 
predating reports of IBR. McKercher (1963) speculated that IPV gave rise to 
viral strains with respiratory predilections and these evolved and thrived in 
feedlots. 

Etiology 

The etiologic agent, bovid herpesvirus 1 (Smith, 1976), or bovine herpesvirus 
1 (Gibbs, 1977) is a member of genus HeljJesvirus of the family Herperviridae 
(Andrewes et al., 1978). Sometimes called the IBR-IPV virus, it has all 
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properties of herpesviruses and grows readily in a wide variety of cell cultures 
producing distinctive cytopathologic changes which are readily neutralized by 
specific antisera. It is a comparatively easy agent to isolate and identify. 

Most IBR and IPV isolates are similar immunologically although the wide 
variety of clinical manifestations suggest that biotypes with affinity for var
ious tissues may occur. Slight strain differences can be detected by immul,1o
logic methods (Potgeiter and Mare, 1974). 

Distribution 

The IBR virus is widely distributed. The virus has been isolated or antibody 
detected from cattle in all parts of the world (Gibbs, 1977). In addition to 
cattle, goats, swine, and water buffalo (Kahrs, (977), the virus has been 
reported in a variety of wild ruminants throughout the world (Gibbs, 1977). 

Epidemiology 

Because of the ease of transmission and capacity for perpetuation, IBR is 
regarded as virtually ubiquitous among cattle populations. 

The incubation period varies from 2 to 6 days depending on the dose, the 
route of inoculation and the criteria for indicating the onset of disease. 

The infection is easily transmitted because large quantities of IBR virus are 
exteriorized in respiratory, ocular and reproductive secretions of infected cat
tle. The virus is perpetuated in populations by direct contact between infected 
cattle and by occasional reactivation of latent infections, Fesulting in a 
renewed shedding of the virus. 

Feedlot cattle seem to have higher attack rates, more severe disease and 
higher fatality rates than range cattle or dairy cattle. These differences prob
ably result from shipment, aggregation, social acclimatization, exposure to 
multiple pathogens and other stresses. 

Clinical signs 

A wide variety of clinical manifestations are associated with IBR. In addition 
to respiratory and reproductive tract infections, the virus can cause ocular and 
neurologic disease. The outcome of natural infection probably has many 
determinants including the biotype of virus, the dose and route of exposure or 
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inoculation, the immunologic status of the exposed animal and environmental 
influences. 

In the respiratory form of IBR, cattle have elevated temperatures, reduced 
appetite, rapid respiration and upper respiratory dyspnea. Occasionally, block
age of the upper airways results in gasping for air. Affected cattle usually 
have profuse nasal discharge which is clear in the early stages and later 
becomes mucopurulent. Hyperemia and reddening of the nasal turbinates and 
muzzle occur. The visible portions of the nasal mucosa frequently have white 
necrotic plaques which result from the coalescence of pustules. These lesions 
are very suggestive of IBR. 

The case fatality rate in respiratory IBR is low unless secondary bacterial 
infections, superimposed viral infections, or other complications occur. These 
conditions are more likely to occur in feedlots than in dairy herds or among 
cattle on range. When respiratory IBR occurs in pregnant susceptible cattle, 
abortions may occur immediately or up to 100 days postinfection. 

Inflammation of the conjunctiva often accompanies the classic respiratory 
form of IBR. Sometimes there are outbreaks in which conjunctivitis, ocular 
discharge and occasionally corneal opacity are the principle manifestations of 
IBR infection (Rebhun et al., 1978). Occasionally in young cattle, IBR infec
tion casuses a non-purulent leptomeningitis and encephalitis characterized by 
incordination, occasionally circling or licking at the flanks, recumbency and 
death. This manifestation is extremely rare. 

Infectious pustular vulvovaginitis (infection of the vaginal and vulva muco
sa with IBR virus), is manifested by pustules and mucopurulent discharge. 
This disease, also known as blaschenausschlag, was reported in Europe many 
years before the recognition of respiratory IBR (McKercher, 1963). It occurs 
sporadically and occasionally as epizootics. 

When the IPV infection is mild, it may go unobserved. If severe, it is 
manifested by failure of the cow to return the tail to the normal position after 
defecation or urination, indicating pain in the perineal area. There may be 
vulvar edema or mucopurulent discharge, white necrotic pustules on the 
mucosa of the vulva and vagina and pools of mucopurulent, usually odorless 
material on the floor of the vagina. It can be transmitted by natural breeding, 
by sniffing cattle, or by dogs licking the vulvas of cattle. 

Bulls which breed cows with IPV can become infected and may develop a 
severe balanoposthitis with lesions similar to IPV. Virus from these lesions 
can contaminate semen and constitute a hazard in natural breeding or artifi
cial insemination (White and Snowden, 1973). If semen is frozen, the virus 
may be preserved. There has been concern over IBR contamination of semen 
from healthy seropositive bulls with reactivated latent infections. Compared 
with likelihood of transmission by other means, this risk is minimal especially 
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if semen is collected from healthy bulls maintained in commercial studs with 
a rigorous veterinary program (Kahrs, 1977). "Insemination of susceptible 
cattle with semen containing IBR virus can produce endometritis, shortened 
estrous periods, and marked reduction in conception rates. On a herd basis, 
the seeding of hitherto uninfected herds with IBR is a concern, but its 
significance is unknown and may be comparable to the effects of vaccinating 
single individuals with live virus vaccines" (Kahrs, 1977). 

The systemic form of IBR in neonatal calves frequently terminates fatally. 
These calves have respiratory distress and may have white necrotic lesions on 
the mucosa of the mouth, tongue, esophagus, and all four stomach compart
ments. 

Pregnant cattle may abort following non-clinical infections or clinical man
ifestations. For abortion to occur, the female must be both pregnant and 
susceptible at the time of primary infection. Most fetuses aborted due to IBR 
are expelled in the last third of gestation, but fetuses exposed at any stage of 
gestation can be aborted. 

Pathology 

The infection produces a variety of lesions. The characteristic lesion is adher
ent whitish necrotic material raised above mucosal surfaces (Baker et a/. , 
1960). These lesions are frequently referred to as plaques. They result from 
coalescence of descrete pustules and consist of leucocytes, fibrin and necrotic 
epithelial cells. Intranuclear inclusion bodies are a histologic feature (Bruner 
and Gillespie, 1973). 

Lesions may appear at the site of inoculation or at other target organs after 
systemic viral distribution by macrophages. In the respiratory tract, they are 
common in the trachea and nasal passages and cause upper respiratory dis
ease. In addition to pustular lesions, the tracheal mucosa may be congested or 
may contain petechial or echymotic hemorrhages and mucopurulent material. 
On mucosal surfaces of the reproductive tract, the same lesion is called IPV 
in the female and infectious balanoposthitis in the male. In the parenchyma 
of organs, focal necrosis is the classic lesion. Fetuses and newborn calves are 
more likely to suffer serious systemic effects than mature animals (Baker et 
al., 1960). 
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Immunity 
Following natural IBR infection or vaccination with live IBR vaCCInes, cell 
mediated and humoral components of the immune system are activated 
(Davies and Carmichael, 1973). 

The humoral response, usually measured by serum neutralization tests, has 
traditionally served as an indicator of past infection and as an indirect mea
sure of resistance. Evidence has been accumulated suggesting that resistance 
following recovery from early IBR infection involves development of local 
tissue cell mediated immune response (Rouse and Babuik, 1974). Thus, pre
sence of neutralizing antibody in serum is probably not an accurate indicator 
of immunity. Nevertheless, until superior alternatives to serology gain accep
tance, neutralizing antibody will remain the basis for immunologic consider
ation of IBR. Thus, cattle with actively induced serum antibody can be 
regarded as partially immune. This partial immunity may be stimulated by 
natural infection or successful vaccination. It can persist for long periods but 
to be maintained at detectable levels, it may require occasional restimulation 
by exogenous exposure or endogenous viral release. Chow (1972) contended 
that partial immunity persisted for six years after experimental infection with 
a field strain virus. 

Partially immune cattle can experience superficial infections of mucosal 
surfaces but are less likely to develop a severe systemic disease than suscep
tible cattle undergoing a primary infection. They are resistant to IBR abortion 
if immunization took place prior to pregnancy (Saunders ef al.1972). Cellular 
immunity probably plays a dominant role in protection because cattle vacci
nated with some inactivated vaccines do not withstand virulent challenge 
even though they have demonstrable antibodies (Schultz ef aI., 1976). 

Colostrally acquired antibody appears in serum of calves nursing immune 
dams. This passive immunity diminishes rapidly via metabolic degradation 
and its persistence varies from calf to calf in relation to the amount of 
colostrum ingested and the efficiency of intestinal absorption. Some calves 
lose their maternal antibody as early as a month of age and some have 
detectable antibody at six months of age. 

The protective nature of maternal antibody is subject to some controversy. 
Controlled laboratory studies indicated its protective value (Langer, 1960), 
however, field observations indicate this protection may be overridden by 
severe challenge. It has been suggested that some vaccines (particularly intra
nasally administered products) are adequate to actively immunize calves with 
colostrally acquired passive immunity. There is no assurance, however, that 
vaccination in the face of maternal antibody will be successful. Therefore, 
calves vaccinated prior to four months of age should be revaccinated if 
long-term protection is desired. 
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Clinical and laboratory diagnosis 

Clinical diagnosis of the respiratory form of IBR must be made with caution 
(Kahrs, 1977). The plaques (if seen), must be distinguished from mucopuru
lent material which is free-flowing or temporarily lodged in the nose, conjunc
tiva or vulva. This determination can be made by manually dislodging the 
material to see if it is an adherent lesion removable only by peeling off a layer 
of mucosa. The white necrotic lesions must be distinguished from the red 
punched-out ulcers of bovine viral diarrhea, rinderpest, and malignant catarr
hal fever. These diseases can all resemble IBR and careful search must be 
made for the distinguishing features of each disease. Pulmonic pasteurellosis 
may be a sequel to IBR and the two diseases may occur simultaneously. Care 
must be taken, however, to avoid incriminating IBR as the principle culprit in 
pasteurellosis because this disease has multifactorial etiology and parainfluen
za-3 virus and other viruses are equally important. 

Laboratory confirmation of suspected IBR infection can be obtained by 
serologic tests, virus isolation, or fluorescent antibody (FA) staining of tissues. 
It is sometimes easier to diagnose by virus isolation or direct FA techniques 
because carefully timed paired serum are needed for serologic diagnosis. Care 
is essential in laboratory identification of virus isolates because other herpes
viruses have been found in cattle (Smith, 1976). 

Caution is recommended in ascribing primary etiologic roles to IBR virus 
isolates because of the occurrence of latent infections capable of reactivation. 
Therefore, for purposes of publication or legal testimony, an iron-clad diagno
sis requires both virus isolation and a change in serum titer from negative to 
positive. This combination of diagnostic criteria indicates a primary infection 
and if clinical signs and lesions are compatible, diagnosis of IBR will stand 
the most rigorous criticism. 

Specimens for the laboratory 

The most appropriate specimen is dictated by the form and outcome of the 
disease. For the living patient with the respiratory IBR, the ideal specimen for 
virus isolation is a nasal swab which must be frozen or placed in viral 
transport media. Best results are obtained from early febrile cases in which 
nasal discharge is serous rather than mucopurulent. The mucopurulent dis
charge usually appears late in the disease after development of local and 
serum antibodies. In addition, mucopurulent material is frequently heavily 
contaminated. Specimens collected for virus isolation are inoculated into cell 
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cultures which are observed for cytopathic changes. Isolates can then be 
identified by serologic or FA procedures. 

The diagnosis of IBR conjunctivitis utilizes the same techniques with swabs 
being collected from the conjunctiva rather than the nasal mucosa. In iden
tifying IBR as the cause of encephalitis, a post-mortem specimen is necessary. 
Virus can be isolated from brain tissue by standard isolation procedures or 
identified by FA techniques. Isolation of IBR from the milk of mastitis cases 
can also be accomplished, however, milk is toxic for cell cultures and special 
techniques are required to eliminate toxicity. 

Infectious pustular vulvovaginitis is diagnosed by similar laboratory tech
niques using swabs from vulvar or vaginal mucosa. The fatal septicemic form 
can be diagnosed by nasal or conjunctival swabs collected before the animal 
succu mbs. W hen the gross lesions are observed at necropsy, however, spleen, 
lymph node, liver, brain, or forestomachs can be inoculated into tissue cul
tures. Necropsy materials are also highly amendable to FA technology using 
smears or thin frozen tissue sections for detecting virus. In addition, histopa
thologic examination of liver, or any other organ in which gross lesions are 
present, frequently reveals intranuclear inclusion bodies which support the 
diagnosis when lesions and signs are consistent with IBR. 

The diagnosis of an abortion due to IBR is made by virus isolation or FA 
techniques (Shimizu f't aI., 1972) using fetal liver, brain and spleen. Fetuses 
aborted from IBR rarely have focal necrosis of the mucosa of the foresto
machs. Focal necrosis is usually not evident grossly but may be observed 
microscopically in liver and adrenals of fetuses. Whenever specimens are 
taken from a live animal, such as an aborting cow, it is essential that serum 
be tested. It is sometimes difficult to demonstrate a significant rise in titer. 
Unlike bovine viral diarrhea, IBR aborted fetuses rarely have measurable IBR 
antibody. 

Prevention and control 

Prevention of the disease by isolation of newly introduced cattle is usually 
ineffective; most control efforts are therefore based on use of vaccines which 
are available in a variety of forms and are used under a variety of circum
stances. The modified live virus (ML V) vaccine for intramuscular inoculation 
(the first IBR vaccine developed) is still in use. It is easy to administer and is 
available in combination with other vaccines. It is contraindicated for use on 
pregnant cattle. Intranasally administered ML V IBR vaccines have gained 
widespread acceptance. Their major advantage is that they can be used safely 
on pregnant animals. Additional advantages are rapid protection due to inter-
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feron production and rapid induction of secretory antibody at mucosal sur
faces. An activated IBR vaccine combined with pasteurella bacterin and killed 
parainfluenza-3 vaccine is available in some parts of the world. 

In most countries, the question of eradicating IBR is usually not considered 
seriously among disease control priorities because of economic considerations 
and lack of pathogenicity for man. Any nation embarking on eradication 
programs must suspect that other countries would probably not cooperate. 
They should ascertain that the virus is not present, limit imports to serone
gative cattle, have a 90-day quarantine period for imported cattle, carefully 
screen semen imports, and blood test all cattle and slaughter any which are 
seropositive. The potential of reactivation of latent persistent infections and 
the potential of non-bovine reservoirs make IBR a difficult and expensive 
disease to eradicate from enzootic areas. 
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17. LEPTOSPIROSIS DISEASES OF 
CA TTLE IN THE TROPICS 

Lyle E. Hanson 

Abstract. Bovine leptospirosis is a disease of cattle caused by at least 23 serologically 
distinct serovars (serotypes) of Leptospira interrogans. Leptospires also cause disease in 
other domestic animals, wildlife and man. 

Acute leptospiral infections in cattle are clinically recognized by fever, icterus, hemo
globinuria and agalactia. The signs vary extensively in incidence and intensity. Preg
nant cattle infected during the last third of gestation frequently either abort or give 
birth to dead or weak calves. Chronic leptospirosis has been associated with infertili
ty. 

Diagnosis of leptospirosis is usually dependent upon serologic evidence correlated 
with an evaluation of clinical signs. Isolation of the leptospires from urine of recently 
affected cattle can often be accomplished with the use of special media or inoculation 
of laboratory animals such as the weanling hamster. 

Cattle generally respond to treatment with streptomycin or tetracyclines if the 
administration occurs before lesions are advanced. Vaccination alone or in combina
tion with antibiotic therapy can reduce spread of the disease when administered early 
in a herd infection. Vaccination with polyvalent leptospiral bacterins provides clinical 
protection if antigens of the homologous serovars of the region are contained in the 
bacterin. 

Preventive measures should also include separation of the cattle from other livestock 
and fencing off pasture areas where surface waters have been contaminated by urine 
from other potential carrier hosts. 

Disease 

Leptospirosis is a major zoonotic disease which affects all domestic animals, 
wildlife and man. The disease is caused by a large number of related spiro
chetes belonging to the genus Leptospira (Amatredjo and Campbell, 1975; 
Johnson, 1956; Sullivan, 1974). As leptospires are often transmitted during 
occupational activities, synonyms such as rice field worker's disease, swine 
herder's disease and sugar cane worker's disease have been applied to human 
infections. Cattle infections are usually referred to as leptospirosis regardless 
of the causative strain (Michin and Azhinovi, 1935). In the tropics leptospiro-
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sis has had a major impact on the health of man, domestic animals, and the 
cattle industry. Dependence on manual labor in agriculture, the abundance of 
rainfall and the absence of climatic variables have allowed the agent to 
propagate widely in tropical hosts and their environment (Johnson, 1956; 
Szyfres, 1976). A high incidence resulting from the widespread distribution of 
leptospires in a large variety of carrier hosts (Babudieri, 1958), and in the 
abundant surface waters in the environment have been complicated by the 
lack of available methods for diagnosis and control. Also in many tropical 
countries there has not been adequate information concerning host reservoir 
and modes of transmission (Szyfres, 1976). 

Etiology 

Leptospirosis is caused by over 100 leptospiral serologically distinct serovars 
(serotypes) which affect most mammals. The leptospiral serovars have been 
classified under 18 serogroups (Galton, 1975; Johnson, 1956; Sulzer, 1975). 
Twenty-three serovars from 11 serogroups have been isolated from cattle 
(Table 1). Nineteen of the serovars have been isolated from cattle in tropical 
or subtropical regions of the world thus indicating the significance of leptos
pirosis to cattle production in the topics. Furthermore, serologic evidence 
indicates additional serovars may be present in regions where laboratory facilities 
have not been adequate for isolation studies (Szyfres, 1976). 

Leptospires, members of the genus Leptospira and the order Spirochetales, 
are long, very thin, filamentous organisms varying in length from 4 to 10 /lm 
and 0.1 to 0.24/lm in width (Johnson, 1956) provided with closely wound 
spirals. Most leptospires have a hook at one or both ends and move by 
spinning on the long axis. The organisms are wound around an axial filament 
which is coated by a slime layer and an outer envelope. Leptospiral identifi
cation is based upon morphological and serological characteristics established 
by microscopic agglutination techniques utilizing either known antigens or 
antisera. All pathogenic leptospires are classified as serovars under the genus 
and species Leptospira interrogans. The saprophytic leptospires are grouped in 
the genus and species Leptospira biflexa. 

Classification of leptospires has been based entirely on serologic differentia
tion. Other classical techniques such as biochemical reactions and convention
al staining procedures do not provide differentiation. Serovars in each sero
group have common antigens but also contain additional antigenic character
istics which have been utilized for differentiation based upon degree of the 
agglutination absorption patterns. 

208 



Table 1. Leptospiral isolations made from cattle. 

Serogroups (j 1) 

I ctero h ae m orr hagi ae 

Canicola 

Pyrogenes 

Autumnalis 

Australis 

Pomona 

Grippotyphosa 

Hebdomadis 

Bataviae 

Tarassovi 

Ballum 

Serovars (23) 

ictero haemorrhagiae 

copenhageni 

canicola 
gal toni 

pyrogenes 

autumnalis 

australis 
peruveana 

pomona 

grippotyphosa 

hebdomad is 
balcanica 
gaicurue 
hardjo 

kremastos 
sejroe 
szwajizak 
wolffi 

argentiniensis 
bataviae 
paidjan 

tarassovi 

ballum 

Countries 
(J 9) ji'om tropics 

Brazil, New Zealand, 
United Kingdom, USA. 
Peru 

Argentina, Israel, U.S.A. 
Argentina, Colombia 

Peru 

Japan, China 

Philippines 
Peru, Japan 

Peru, Thailand, New Zealand, 
U.S.A., Australia, Argentina, 
Brazil, Chile 

Kenya, USSR, U.S.A. 

Japan 
New Zealand, USSR 
Brazil 
Canada, Italy, Australia, 
New Zealand, Argentina, 
Peru, United Kingdom, U.S.A. 
Japan 
Belgium 
Australia, U.S.A. 
Brazil 

Argentina 
Peru, China 
Argentina 

USSR 

Venezuela, New Zealand 

Although more than 100 serovars are pathogenic to animals, the degree of 
pathogenicity varies considerably with the host and the virulence of strains 
within a serovar. Organisms which have an opportunity for rapid serial 
transmission in a completely susceptible host species may attain a much 
greater virulence than similar organisms exposed to less susceptible host 
populations and environmental stresses. 
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Epidemiology 

Although all pathogenic leptospiral serovars infect more than one host, some 
serovars such as pomona and grippotyphosa invade a variety of hosts. Others 
such as hardjo have been isolated primarily from cattle and occasionally from 
sheep and man. Generally, each leptospiral serovar involves one or more 
hosts which are the primary carriers. An effective carrier is readily infected 
without symptoms other than a persistent kidney infection which provide for 
sl1edding organisms in the urine during prolonged periods. The rat has been 
identified as the major carrier host of icterohaemorrhagiae in most areas of the 
world. It is frequently infected and often remains as an asymptomatic host 
while constantly shedding leptospires in the urine for periods of months to 
years. The rat is an especially active carrier in the tropics due to the high 
populations in cane fields and coconut groves which provide abundant food 
for large rat populations. In time of heavy rains leptospires are washed out of 
the agricultural fields and the flooding forces the rats out of the fields into 
nearby housing areas. Likewise, the leptospires existing in domestic animal 
carriers become important sources for potential exposure to man due to the 
high rainfall and contaminated surface waters in most tropical regions. Of the 

Fig. J. Modes of transmission of leptospires between wildlife, domestic animals and man. 
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domestic animals, the pig has a greater potential of transmitting leptospires to 
cattle due to the large number of organisms which are shed in the urine for 
extended periods of time. Figure 1 illustrates the usual modes of transmis
sion. 

Leptospires appear to have a special affinity for the pregnant animal and 
the fetus. Leptospiral infections resulting in abortions have been recorded in all 
domestic animal species, wildlife and man. Leptospires are most likely to pass 
from the maternal circulation across the placenta late in the gestation period 
when the fetal attachments are less secure (Fennestad and Borg-Peterson, 
1958). Fatal infections generally occur in the last trimester of gestation. Some 
infected fetuses, however, may survive prenatal infection and reveal it at 
birth. Serologically demonstrable antibodies have been demonstrated in the 
serum of newly-born infected calves (Fennestad and Borg-Peterson, 1957). 

Infections can be transmitted by bulls either directly by infected semen or 
indirectly through urine contamination (Sleight and Williams, 1961). Leptos
pires have only been detected in semen during the acute stages of the disease 
when venereal transmission can occur. It is unlikely leptospires are transmit
ted by artificial insemination, although a few organisms may survive freezing 
and thawing procedures. 

Leptospires can be tansmitted through the intake of contaminated foods if 
some animal consumes carcasses infected with leptospiras (Reilly et al., 1970). 
However, the infected tissue must enter the stomach in large enough quanti
ties to avoid deleterious effects of hydrochloric acid on the organism. In 
studies with five species, all but one, the raccoon, could be infected if they 
consumed leptospira-infected mice. The pig and dog can also be infected by 
oral route as they swallow large boluses of feed and occasionally by eating 
rats and mice. 

Arthropod transmission is possible, but due to the generally short leptospi
remia in most animals, it is not a major mode. If heavy tick infestations occur 
during an acute stage of leptospirosis, however, blood transmission could 
initiate a herd outbreak. 

Leptospires are shed in the milk during the acute stage. Transmission can 
occur if the milk is consumed directly by the calf or drank by another host 
within a few hours of milking. Leptospires are inactivated in undiluted milk 
within 3 h after collection. 

Most leptospires have a broad host range. Cattle frequently affected with a 
variety of serovars are hosts of such serovars as pomona, hardjo and grippo
typhosa. Other serovars such as icterohaemorrhagiae, pyrogenes and tarassovi 
have only occasionally been isolated from cattle. Table 2 lists the host range 
of leptospires in the tropics. 

Leptospiral infections are most extensive in herds which have been pre-
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Table 2. Leptospiral serovars isolated from cattle and other animals in the tropics *. 

Animal hosts 
Serogroup Serovar 

Domestic Feral 

Autumnalis autumnalis cow, dog, pig bandicoot 1 (sp.) 
brown rat 2 

black rat 3 

bandicoot rat 4 

Australis australis cow, dog, bandicoot (sp.) 
horse, pig short-nosed bandicoot 5 

house mouse 6 

water rat 7 

Muller's rat 8 

allied rat 37 

brown rat 
black rat 
canefield rat 36 

peruvaeana cow none 

Bataviae argentiniensis cow hairy armadillo 9 

bataviae cow, dog, pig bandicoot sp. 
hairy armadillo 
short-nosed bandicoot 
house mouse 
Muller's rat 
brown rat 
black rat 
shrew 10 

paidjan cow, dog hairy armadillo 
Azara's opossum 11 

spiny rat 12 

Ballum ballum cow house mouse 
Philander opossum 13 

Pacific rat 14 

brown rat 
black rat 

Canicola canicola cow, dog, cat, Asiatic jackal 15 

horse, pig hairy armadillo 
short-nosed armadillo 
lesser Indian mongoose 16 

Pacific rat 
brown rat 
black rat 
Cherrie's rat 17 

Cotton rat 18 

gray fox 19 

gal toni cow none 
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Table 2. (continued) .. 

Animal hosts 
Serogroup Serovar 

Domestic Feral 

Grippotyphosa grippotyphosa cow, dog, short-nosed bandicoot 
goat, horse, guinea pig 20 (c. pamparum) 
pig, sheep hedgehog 32 

bandicoot rat 
mole rat 27 (B. gracilis) 
water rat 
burrowing mouse 22 

rice rat 23 

brown rat 
cane rat 36 

Pacific rat 
Muller'S rat 
whitehead rat 21 

shrew 
South American field mouse 26 

Hebdomadis balcanica cow none 
guaicurie cow none 
hardjo cow, sheep none 
hebdomindas cow, dog brown rat 
kremastos cow none 
sejroe cow, dog lesser Indian mongoose 
szwajizak cow opossum 24 

Eurasian hedgehog 26 

short-nosed bandicoot 
spiny rat 

wolffi cow South American field mouse 
black rat 

Ictero- ictero- cow, dog, Philander opossum 
haemorrhagiae haemorrhagiae pig, horse opossum 

guinea pig (c. aperea) 
nutria 29 

chimpanzee 31 

Nile rat 30 

mole rat (B. gracilis) 
mole rat (B. malaborica) 33 
grass rat 34 

spiny rat 
Pacific rat 
Muller's rat 
brown rat 
black rat 
whitehead rat 

copenhageni cow, dog brown rat 
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Table 2. (continued) .. 

Serogroup Serovar 

Pomona pomona 

Pyrogenes pyrogenes 

Tarassovi tarassovi 

KEY FOR SCIENTIFIC NAMES 

I. Bandicoata (sp) 
2. Rattus norvegicus 
3. Rattus raltus 
4. Bandicota indica 
5. Isoodon macrourus 
6. Mus musculus 
7. Nectomys squamipes 
8. Rattus mulleri 
9. Chaetophractus villosus 

10. Suncus luboneus 
II. Didelphis azarae 
12. Proechimys semispinosus 
13. Philander opossum 
14. Rattus exulans 
15. Canis aureus 
16. Herpestes auropunctatus 
17. Zygodontomys cherriei 
18. Sigmodon hispidus 
19. Urocyon cinereoargentus 

Animal hosts 

Domestic Feral 

cow, cat, dog, 
goat, horse, 
pig, sheep 

guinea pig (c. aperea) 
guinea pig (c. pamparum) 
Panama spiny pocket mouse 
spiny rat 

COW, dog, pig 

pig, waterbuffalo 

black rat 
South American field mouse 

hairy armadillo 
Philander opossum 
opossum 
house mouse 
rice rat 
black rat 
brown rat 
palm civet 35 

guinea pig (c. pamparum) 
opossum 
Philander opossum 
bandicoot rat 

20. Cavia pamparum 
21. Rattus whiteheadi 
22. Oxymycterus quaestor 
23. Oryzomys eliuris 
24. Didelphis marsupia/is 
25. Erinaceus europaeus 
26. Akodon arviculoides 
27. Bandicota graci/us 
28. Cavia aperea 
29. Myocastor coypus 
30. Arvicanthis niloticus 
31. Pan troglodytes 
32. Hemiechinus (species) 
33. Bandicota malabarica 
34. Arvicanthis nilaticus 
35. Paradoxurus hermaphroditus 
36. Rattus conatus 
37. Rattus assimilis 

* Information compiled from references 5, 13 and 14. 

viously free of leptospirosis and have not been vaccinated. Following an acute 
infection, some cattle recover rapidly while others retain agglutinins for many 
years. During subsequent exposures, these cattle usually do not exhibit major 
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clinical signs and often show little laboratory evidence of the disease. Herd 
immunity is a significant factor in interherd cattle infections as serial trans
mission in susceptible cattle is apparently necessary for development of highly 
severe forms of the disease. 

Pathogenesis 

Leptospires are carried by the blood from the portals of entry to the liver 
where primary multiplication occurs. During the initial bacteremia the first 
clinical evidence is a rise in body temperature. At this time a generalized 
leptospiremia occurs, with leptospires present in most tissues and especially 
the brain, kidney, and lungs and in the uterus and mammary gland in the 
cow and the testicles in the bull. Secondary mUltiplication occurs generally in 
the kidney and brain tissues where leptospires persist for days to weeks and 
in some cattle up to 1 year. 

The initial kidney infection is characterized by edema, hemorrhages in the 
glomeruli, and cloudy swelling and necrosis of proximal tubular epithelium. 
In severe cases, the glomerular and tubular changes are so extensive that 
renal shut-down can result. The degenerative changes are postulated from the 
direct action of a toxin or a combination of toxin and bile salts. Deaths in 
acute leptospiral infections are due primarily to severe kidney lesions 
although concurrent hepatic lesions can contribute to fatal infections. 

As the disease progresses in many animals, the infection becomes subacute 
with interstitial infiltrations of lymphocytes and plasma cells. The glomerular 
lesions consist of thickening of the Bowman's capsule wall and infiltration of 
monocytes, neutrophils and lymphocytes. Casts and cell debris are frequently 
observed in the distal tubules. 

In chronic infections of the kidney, the most prominent lesions are glome
rular atrophy and interstitial infiltrations with lymphocytes, plasma cells and 
fibroblasts. In all stages of infection, the tissue changes do not necessarily 
correlate with the degree of leptospiral shedding, as in some animals, large 
numbers of leptospires may be shed in the urine without concurrent signifi
cant lesions in the kidneys. 

Liver lesions are usually a focal necrosis accompanied by mononuclear cell 
infiltrations in animals with marked icterus. Bile ducts contain the cell debris. 
All the acute signs are suggestive of a leptospiremia and toxemia. Some 
limited studies have suggested that exudation of plasma and erythrocytes into 
the adjacent tissue may result from capillary damage. 
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Clinical Signs 

The first sign most consistently detected in the disease process is an elevation 
of body temperature of 2 to 5 of which usually persists from one to several 
days. The temperature elevation is often associated with malaise, anorexia, 
conjunctivitis, and anemia. In the most severe cases, jaundice, pneumonia, 
and hemoglobinuria occur and encephalitis manifested by rigidity of the head 
and neck may also be present. Fatal infections are generally due to severe 
renal degeneration. 

During the acute infection in lactating cattle, production of yellow clotted 
milk. which may be stained, occurs early followed by agalactia which in most 
cases persists from a few days to 2 weeks. Although most cattle return to a 
normal level of lactation in 2 to 3 weeks, some fail to reach their full potential 
during the entire lactation period. 

The most commonly associated signs of leptospirosis are abortion and 
stillbirths which occur 1 to 3 weeks following onset of clinical signs. Interrup
tion of gestation is most frequently associated with infections originating 
during the last third of the gestation period. Fetal infections can result in fetal 
antibody responses detectable by the microscopic agglutination tests in either 
aborted fetuses or stillborn calves. 

Infertility has often been associated with the less acute disease most fre
quently caused by members of the Hebdomadis serogroup. Annual vaccina
tion of the entire herd with a homologous serotype bacterin has reduced these 
infertlity problems. It is postulated that IgG stimulated by vaccination can 
pass through the tissues into the uterus and aid in controlling the uterine 
infection. 

Encephalitis probably occurs in most infections. Leptospires can constantly 
be isolated from brain tissue although clinical signs of encephalitis are 
observed infrequently (Hoag and Bell, 1954). Headache, a frequent symptom 
recognized in man, cannot be identified in cattle although irrational behavior 
of some animals has been reported. 

Anemia which is more common in ruminants than other animals can be 
marked along with jaundice in the most severe infections caused by such 
serotypes as pomona and grippotyphosa. Hemoglobinuria is also present in 
many of the same cattle (Michin and Azhinovi, 1935). 

Clinical evidence of nephritis occurs in both the acute and chronic forms of 
the disease. In acute leptospirosis, nephritis is recognized by hematuria and the 
presence of cellular debris in the urine. Anorexia is indirect evidence of the 
disease. Usually a decrease of specific gravity of the urine is the only constant 
evidence of chronic leptospirosis. In severe leptospirosis, however, the urine 
often contains tissue casts and albumin. 
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Anuria is a critical sign which is often followed by death. Jaundice, an 
indication of liver damage, is also frequently present in fatal infections 
although the renal shut-down is the most critical consequence of the dis
ease. 

Pathology 

The initial changes occur in the liver, usually in the form of scattered necrosis 
of hepatic cells, bile retention, and infiltration with mononuclear cells. 
Although in most severe liver lesions, extensive necrosis is present along with 
hemorrhage and considerable bile retention due to occlusion of bile ducts with 
cellular debris. 

Kidney lesions generally contain the most critical changes in acute leptos
pirosis which are concentrated in the glomeruli and proximal convoluted 
tubules. The lesions consist of cell necrosis, and hemorrhages, which vary 
from petechial to eccymotic hemorrhages on the cortical surfaces (Fig. 2). 
Leptospires are most frequently demonstrated in the lumen of the tubules 
and the blood in the glomeruli. As the disease progresses, the infection often 
localizes in the kidney producing subacute and chronic lesions which are 
evident grossly as white foci on the surface. Chronic microscopic lesions 

Fig. 2. Kidney section of a calf naturally infected with L. pomona showing interstitial nephritis. 
300 X (D. N. Tripathy). 
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Fig. 3. Kidney section of a cow naturally infected with L. hardjo showing chronic glomerular 
changes and interstitial nephritis characterized by mono-nuclear cell infiltration and hyaline 
tubular cast. 300 x (D. N. Tripathy). 

consist of thickening of the Bowman's capsules, atrophy of glomerular tufts, 
interstitial infiltration with lymphocytes, plasma cells and fibroblasts, casts of 
cellular debris and dilation and atrophy of some tubules (Fig. 3). 

Leptospires actively invade the uterus and fetus during acute infections 
(Fennestad and Borg-Petersen, 1958). The lesions present in cattle where 
abortions and stillbirths occur are generally mild with predominantly edema 
of the placental tissue and some necrosis of the cotyledon tissues. Retained 
placentas occur rather frequently in cattle infected late in the gestation period, 
apparently due to local tissue lesions. Infertility associated with chronic leptos
piral infections has not been associated with extensive uterine changes 
although mucosal changes have been demonstrated in the uterus of infected 
nonpregnant animals. 

Production of abnormal milk and agalactia are frequent signs associated 
with acute leptospiral infections in cattle. Mammalian infections have not 
been associated with extensive inflammatory reactions although little informa
tion is currently available concerning the histologic changes. 

Acute pneumonic lesions often occur in experimental infections suggesting 
similar lesions occur in natural cases. The lesions consist of hemorrhages and 
inflammatory cell infiltrations. Although lung lesions are usually not exten
sive, activation of latent bacterial infections may result under field situa
tions. 
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Immune Response 

Antibody response is usually detectable with an agglutination test within 3 to 
7 days after the onset of the first clinical signs. The agglutination titers 
increase rapidly with the greatest response usually detected in 7 to 14 days. 
The agglutinating titers will then persist from a few weeks to as long as 10 
years in a few cattle. The primary agglutinating response is contributed by 
IgM class of antibodies while the IgG antibody response appears somewhat 
later. The latter antibodies have a neutralizing ability which can be detected 
and measured with either a hamster protection test or growth inhibition test. 
The IgG class of antibodies can be detected in significant concentrations 
following vaccination with leptospiral bacterins even when no agglutinins are 
detectable (Tripathy et al., 1975). The IgM or IgG antibodies react to a limited 
extent with other serovar antigens within serogroups and a trace reaction 
occurs between members of other serogroups. Only minor cross protection is 
provided between serovars within a serogroup. 

Laboratory Aids to Diagnosis 

Diagnosis based only on clinical signs is unreliable as the clinical signs vary 
extensively. It is recommended, therefore, that a diagnosis involves evalua
tion of a good history, clinical signs and laboratory findings. A thorough 
understanding of the pathogenesis of the disease is important in order to 
select appropriate samples from each stage of the disease. In the acute disease, 
during the febrile response, leptospires may be isolated from the blood during 
the first few days either in appropriate liquid or semisolid media or by 
inoculation of laboratory animals. Special media, usually containing either 
serum or bovine albumin, should be incubated at 30°C. Weanling hamsters 
are susceptible to more serotypes than other laboratory animals. Darkfield 
examination of serum or plasma is generally misleading due to possible 
confusion with fibrin particles (Johnson, 1956). 

Although leptospires have been isolated from milk, semen, and cerebral 
spinal fluids during the initial stages of the disease, most routine laboratory 
attempts to do so are unsuccessful. Urine samples are generally the most 
appropriate source of leptospires for either culturing or animal inoculations. 
Leptospires are shed in the urine starting a few days after the onset of disease 
and either intermittently or continuously for several weeks for as long as a 
year. Darkfield examination of the urine may be successful when large num
bers of the organism are present and their typical motility can be observed. 
Urine should be collected in sterile containers for isolation techniques and 
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inoculated into appropriate media or laboratory animals as soon as possible, 
preferably within an hour of sampling. Leptospires become immotile and are 
inactivated in less than 3 h in undiluted urine. When urine cannot be cul
tured immediately upon collection, the urine should be diluted 1 to 10 in a 
sterile liquid transport medium and held at refrigeration temperatures. Liver, 
kidney, and brain tissues provide the most consistent source of leptospires 
from a necropsied animal. In the febrile stage, leptospires can be isolated from 
blood and most visceral tissues. Tissues should be cultured immediately upon 
collection although they can be held at refrigeration temperatures for several 
hours with fair results. In no case should the tissues be frozen. Leptospires 
are seldom isolated from either aborted or stillborn calves, probably because 
of advanced tissue putrifaction. Serum of aborted fetuses or stillborn calves, 
however, may contain agglutinins which are diagnostically significant. 

Serologic testing is the laboratory procedure most frequently utilized to 
confirm clinical diagnosis. Leptospiral antibodies (lgM) appear in the serum 
within a few days after onset of illness and persist for weeks to months and, 
in some cases, years. Demonstration of an agglutination response in serum 
dilutions of 1 : 100 or greater are indicative of exposure to leptospiral antigens. 
In the absence of vaccination, microscopic agglutination (MA) titers indicate a 
current or previous leptospiral infection. A rising titer in paired serum sam
ples indicates a current illness when samples of acutely infected and conval
escing animals are tested. Serum samples of an acute infection would not be 
available, however, if the illness was not recognized prior to an abortion. 
Titers at 1: 100 may persist for 2 to 3 months after vaccination. 

Tissues collected for histologic examination should be stained with a silver 
stain (Levaditis technique) as analine dyes do not adequately impregnate 
leptospires. Preparations stained by fluorescein conjugated antibody should be 
interpreted with caution as nonspecific staining has frequently been 
observed. 

Prevention and Control 

An understanding of the host-agent-environment interaction in domestic ani
mals and wildlife of the region is imperative in developing a valid control 
program. Exposure of cattle to contaminated surface water should be consid
ered in developing this program. In the tropics, extensive distribution of 
leptospires in domestic animals and wildlife provides many opportunities for 
transmission of a variety of leptospiral serovars in cattle. Complete confine
ment is the only procedure which can assure reasonable protection from expo
sure for a herd of cattle. All ponds and streams are potential sources of 
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leptospiral exposure. Rodent control is very important due to the high inci
dence of leptospires in rats and mice (Table 2). 

Herds with stable populations that only receive herd replacements after 
testing, prior to, and following an isolation period can reduce introductions of 
the hebdomadis serogroup of leptospires. This group is primarily restricted to 
cattle. All cattle introduced into a cattle herd should be serologically tested for 
all potential serovars prevalent in the region where the replacements originate. 
Other livestock, particularly goats, should be considered as potential carriers 
and therefore be tested for leptospiral antibodies. Clinically normal carrier 
cattle remain potentially the most likely source of a new infection. 

Treatment 

As soon as acuk leptospiral infections are suspected, the affected animals 
should be isolated from the herd. All secretions should be suspected of 
containing leptospires. No milk, unless boiled, should be fed to other animals 
or consumed by persons. As urine usually contains leptospires from a few 
days after onset of signs up to several months after onset, owners should be 
cautious to avoid exposure. Infected animals should be placed in confined 
areas which provide comfort and isolation. 

Usually, initiation of antibotic therapy as soon as possible to exposed 
animals in a herd will significantly reduce clinical signs and mortality. 
Administration of either dihydrostreptomycin at a dosage of 25 mg/kg or 
tetracyclines at 200 mg/lb of body weight daily for 3 to 5 days provides the 
most effective therapy (Stalheim, 1969). Intramammary infusion of antibiotics 
has not been shown to affect the severity or length of mammary infec
tions. 

As the severity of the disease increases, response to antibiotic therapy 
decreases due to the lesions in the liver and kidney tissues. Blood transfusion 
from an animal recovered from the disease will contain adequate antibodies to 
provide some assistance. Therapy instituted at the time of an abortion will 
have no effect on the clinical course of the disease because the acute infection 
and death of the fetus occurred earlier. Administration of antibiotics to 
affected cows and other cattle in a herd following a leptospiral abortion, 
however, can reduce spread of the infection, decrease signs of the disease in 
the remaining cattle and reduce the number of abortions. 

Antibiotic therapy administered in chronic infections reduces the shedding 
but apparently does not reduce the antibody titers of affected animals. Com
bination of antibiotic therapy with administration of bacterins generally 
reduces infertility problems. Also, concurrent treatment given to all animals 

221 



in the herd during acute infections has been shown to be an effective proce
dure to reduce abortion losses. 

Vaccination 

Vaccination of cattle with regional leptospiral serovars has been demonstrated 
to be an effective control procedure (Hanson et al., 1972). As the protective 
antibodies induced by leptospiral bacterins are serovar specific, it is important 
to determine the serovars prevalent in the region. This can be a difficult 
diagnostic problem if only serologic information is available. Cross agglutina
tion occurs between serogroup members. Leptospiral isolations followed by 
cross absorption tests for identification of the isolates provides the only 
effective method of serovar determination. Bacterins should be administered 
to calves after 3 months of age and annually thereafter. In endemic herds 
where new herd additions are common, vaccination at 6-month intervals is 
suggested. Herd immunity is an important factor in leptospirosis control, 
therefore, the entire herd should be vaccinated. Vaccination can be discontin
ued when the herd becomes serologically negative but only if the prevalent 
serovar infection is limited to cattle. In most regions, however, more than one 
serovar is prevalent and wildlife is usually infected, requiring continuation of 
annual vaccination as a prophylactic procedure. 
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18. BOVINE GENIT AL VIBRIOSIS 

Alvin B. Hoerlein 

Abstract. Bovine genital vibriosis is worldwide in distribution. The disease is transmit
ted venereally and causes temporary infertility in the female. The pathogenesis is 
described in detail to form a basis for tentative diagnosis of the disease in the infected 
herd. The diagnosis must then be confirmed by laboratory methods. Control proce
dures including exclusive artificial insemination and vaccination are described. 

Bovine genital vibriosis is an important cause of temporary infertility of 
female cattle. The disease is venereal and spread from infected to noninfected 
animals during breeding. 

Vibriosis is caused by Campy/obaeter fetus subsp. fetus. This bacterium has 
been previously known as Vibrio fetus var. venerealis. The organism is a 
motile, Gram negative, curved rod which grows under reduced oxygen ten
sion and produces 1 mm smooth colonies on blood agar plates in three to five 
days when incubated at 37°C. Growth in semi-solid media is 2 to 4 mm 
below the surface. 

Vibriosis appears to be worldwide in distribution. While most attention has 
been paid to the disease in North America, Western Europe, Australia, New 
Zealand, and South Africa, diagnoses have been made wherever the disease 
has been studied. It is probable that if adequate diagnostic procedures are 
used the disease will be found wherever there are cattle. 

Transmission 

Previously noninfected female cattle of all ages and breeds are uniformly 
susceptible to infection. Vibriosis is spread during the act of breeding and not 
by other contacts. The infected bull places semen and C. fetus into the 
anterior part of the vagina and the cervix of a susceptible female during 
breeding. The bacteria multiply in the cervix and progress into the body of 
the uterus and the oviducts. The fertilized ovum is killed by action of the 
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bacteria and the female returns to estrus. She is infertile for a variable number 
of estrual periods up to nine months. Noninfected bulls become infected 
when breeding an infected female and may remain infected transiently or 
permanently for years. There is a degree of convalescent immunity in recov
ered females. This immunity is variable in length and in the absence of 
reinfection, wanes with time. The female may carry the infection through a 
successful calving and become the source for the infection of bulls. Under our 
conditions it is probable that the carrier cow is the main source of continued 
herd infection year after year. 

Clinical Manifestations and Diagnosis 

The clinical signs of vibriosis are subtle and easily missed in ordinary man
agement. The infected females return to estrus at regular intervals until 
recovery from infection. In our experiments more than half of the heifers 
returned to estrus at the normal interval after initial exposure to infection. A 
number of others returned to observed estrus at intervals divisible by 21 days, 
suggesting the first estrus was missed. Irregular estrual cycles are more 
common in females that have calved previously. There is no exudate since 
the embryo dies so early after fertilization. There are no clinical signs in the 
bull except in the herd situation where he rebreeds the females over and over 
until eventually his breeding capacity is exhausted. After a period of rest the 
bull will again breed estrual females. 

The most useful method of making a diagnosis of vibriosis is a thorough 
study of the herd history. If cattle are closely observed, the return to estrus is 
noted. Usually this is not observed and in seasonally bred herds common in 
our beef cattle herds the first sign is often found when pregnancy examina
tions are made in the fall. A large number of nonpregnant animals suggests a 
fertility problem. Due to the variable recovery time of individual animals, a 
variation of fetal age is observed during pregnancy examinations. If not 
examined after the breeding season, similar signs will be observed during the 
calving season. Depending on many different management practices, the 
calving rates will vary from 10 % to 80 % and most notable is the prolonged 
calving season. This results from the variable time that individual females 
recover from the infection. Ranchers often recall a year when the herd calved 
all summer. This is then repeated since those cows which calve late will be 
bred late and calve late the next year. 

Where all of the bulls were infected and the heifers all susceptible from the 
beginning of breeding, 20 to 30 % pregnancy resulted in a 60 day breeding 
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season. This type of situation has not been common in our experience. In the 
more typical case, the beginning of breeding finds the herd consisting of a 
population of infected and noninfected bulls and susceptible, carrier, and 
immune females. Thus, there are problems in arriving at a tentative diagnosis 
of vibriosis. It is common practice in our beef cattle herds to use young bulls 
to breed the heifer replacements. Without previous exposure to infection, 
these breeding groups often have good reproductive performance (Carroll and 
Hoerlein, 1972). Heifers with their first calf are then usually bred to the older 
herd bulls in the main cow herd. Since they are still susceptible to infection, 
the lowest pregnancy rates are seen in the heifers being bred for their second 
calf. Chronically infected herds often have annual calving rates of 70 to 85 % 
as revealed when prophylactic vaccination was used to prevent the introduc
tion of infection from neighboring infected herds. In these herds the heifers 
had a short calving season with good pregnancy rates and eventually when 
the old late-calving cows were culled, the whole herd had a satisfactory 
calving performance. 

The herd problem is little different in dairy cattle when natural breeding is 
used. In numerous herds artificial insemination is practiced, except that bulls 
are used for natural service for heifers and cows not pregnant by artificial 
insemination. The disease is often not suspected until the heifers expected to 
freshen are found to be nonpregnant. This can cause a serious loss in the 
expected milk production base. 

Pathogenesis 

While the pathologic changes in vibriosis are not spectacular, they are basic to 
the pathogenesis of the infection. They are essential to an understanding of 
the disease and especially in its diagnosis and control. Following breeding 
when semen and the bacteria are deposited in the area of the cervix, C. fetus 
multiplies, and by the fifth day may be found in the body of the uterus. The 
ovum is fertilized, but in 10 to 15 days the organisms are found in the 
oviducts. The fertilized ovum is apparently killed by direct action of the 
organisms. There are no signs of disease and no exudate will be noted since 
the embryo is killed at such an early stage. It is suspected that the pathogen
esis of infertility in subsequent breedings may be quite different. Fertilization 
may not occur due to the mild endometritis and salpingitis which are present. 
Recently it has been found that C. fetus acts on the cilia of the epithelial 
cells of the oviduct (Stalheim and Gallagher, 1975). There is mild inflamma
tory infiltration of the endometrium with accumulation of leukocytes in the 
uterine glands. A neutrophilic response is found in the uterus, cervix, and 

227 



vagina by the seventh day. Neutrophiles with phagocytized organisms were 
found in the deep inguinal lymph nodes by the fifteenth day. 

Following exposure to infection, the number of organisms increases sharp
ly. In about half of our experimental heifers, C. fetus was recovered from 
cervicovaginal mucus as early as one week after exposure. From three weeks 
to three months the growth of C. fetus from cervicovaginal mucus was almost 
confluent on plates, indicating that myriads of organisms were present. Later 
the number of organisms was reduced until only a few were found. Individual 
heifers might be negative one week and positive the next. As animals recover 
from the infection and conceive, the number of positive cultures in the herd 
decreases. 

Some cows will carry the organisms through the entire gestation period, 
deliver a normal calf, and subsequently be a source of spread to bulls when 
rebred after calving. C. fetus has been recovered for as long as 464 days after 
exposure and for 229 days after parturition. 

Abortion of larger fetuses may occur at any time during gestation. We have 
found several near full-term dead or weak calves which were positive for 
C. fetus. The number of such abortions appears to be very low in most herds, 
3 to 5 %. The pathogenesis of late abortions is unknown, but placentitis is 
the cause of fetal death. 

Bulls become transient or permanent carrier of C. fetus after breeding 
infected females. The organisms are superficial contaminants of the bull's 
external genitalia and produce no pathologic changes. The epithelial crypts of 
the glans penis and prepuce provide a favorable environment for growth of 
the organism. Contamination of semen with C. fetus in bull studs is due to 
mechanical removal of the organisms by the artificial vagina during collection. 
While some bulls have carried C. fetus for as long as six years, many are not 
susceptible to permanent infection. When we tested 47 bulls from heavily 
infecte.d herds by test-heifer mating we found only five to be permanently 
infected. The length of time that transiently infected bulls transmit the 
infection is not known. Because of the high numbers of organisms present 
during the first months of infection, a bull becomes grossly contaminated 
when rebreeding an infected female and would be expected to carry the 
infection to another cow by mechanical means. We have observed infected 
bulls to cease transmitting the infection after a few weeks of rest. 

It has been shown that the permanent carrier state in bulls is age-related 
and that susceptibility increases with age. Bulls more than five years of age 
were highly susceptible to permanent infection which may be related to an 
increase in size and number of epithelial crypts in the penis of older bulls. No 
inflammatory changes were found in the genital organs. 

228 



Immunity 

After recovery from infection, cows are resistant to reinfection and usually 
have a high degree of fertility even if bred to infected bulls. This convalescent 
immunity is partial and when reexposed to infection, C. fetus can be isolated 
from cervicovaginal mucus for several days or weeks. Conception usually 
occurs and a normal gestation is the rule. The mechanisms responsible for 
convalescent immunity are not understood, but it appears to depend on local 
phenomena. It has been shown that convalescent immunity decreases with 
the passage of time and that after three years of breeding to negative bulls, 
these cows are almost completely susceptible to reinfection (Hoerlein and 
Carroll, 1970). Convalescent immunity appears to be reinforced by reinfection 
at a subsequent breeding to an infected bull. 

Isolation of the Organism and Detection of Agglutinins in Vaginal Mucus 

A tentative diagnosis of vibriosis made from a study of the herd history must 
be confirmed by laboratory means. Isolation of C. fetus by bacteriologic 
examination of an aborted fetus is most efficient if the fetus can be trans
ported to the laboratory in good condition. Abomasal contents are the best 
material for culture, but other organs may be successful if the abomasum is 
contaminated. The tissues must be examined no more than 24 to 48 hours 
after abortion. They are best preserved by freezing. Aborted fetuses are 
difficult to obtain since late abortions are infrequent and the fetuses are often 
lost to scavenging animals and birds. 

The development of improved methods and equipment for the collection of 
cervicovaginal mucus has facilitated the diagnosis of vibriosis (Seger and 
Levey, 1962). The equipment most used is prepared by sterilizing a 12 inches 
long, 8 mm diameter, pyrex speculum in a pipette envelope. When the 
specula are cool, plastic artificial insemination pipettes 0.5 mm bore) are 
removed aseptically from their plastic shipping bags and dropped into the 
sterile specula. The top of the pipette envelope is closed to maintain sterility. 
Immediately before use, the top of the pipette envelope is torn off and the 
insemination pipette is attached to a 2 ml syringe with a short rubber tube. 

The sleeved arm is passed into the rectum of restrained cattle to immobilize 
the cervix and to direct the insemination pipette. The vulva is wiped clean 
with two or more dry paper towels. With the lips of the vulva parted by an 
assistant, the speculum containing the retracted insemination pipette is passed 
into the vagina until near the cervix. The tip of the insemination pipette is 
then advanced out of the speculum onto the surface of the cervix and mucus 

229 



is drawn into the pipette by retracting the syringe plunger. The mucus is quite 
viscid, especially during diestrus, so that patience is required to allow the 
mucus to be drawn into the pipette. When the syringe plunger is maximally 
withdrawn the insemination pipette is eased back through the speculum so 
that the tip may be observed through the speculum wall to determine the 
amount of mucus collected. If the amount of mucus is insufficient, the 
plunger is returned and another attempt can be made without contamination. 
A mucus sample of one-half to two inches is adequate for bacteriologic 
examination. The speculum containing the pipette is removed, and after 
withdrawal of the pipette, it is closed with a plastic" poly-bulb syringe" of 
the type used for artificial insemination after it has been removed aseptically 
from its original sterile package. The syringe end of the pipette is similarly 
closed and the bulb marked with the animal or sample number with a plastic 
marking pen. 

If the mucus can transported to the laboratory within six hours, it need not 
be frozen, but should be kept cool in hot weather. For longer transport 
immediate freezing in dry ice has been satisfactory for as long as four days 
(Hoerlein and Kramer, 1963). A rather complex medium for transporting 
cervicovaginal mucus and preputial smegma from bulls has been developed 
by Clark et al. (1978). Winter and Caveney (1978) found this transport 
medium satisfactory in their tests. It appears that this transport medium 
would be useful where dry ice is difficult to obtain. 

Selection of the animals to sample is important when using cervicovaginal 
mucus for the diagnosis of vibriosis. Almost all susceptible heifers are positive 
for C. fetus from two weeks to three months after exposure to infection. After 
this time the number of positive cultures decreases so that six to seven 
months after exposure only 20 % of the nonpregnant cattle will be positive. 
At this time we have collected 20 mucus samples to assure accuracy. The 
young cows being bred for the first time to old herd bulls are preferred since 
they do not have convalescent immunity. The sampling of pregnant animals 
is rarely productive. A single positive culture of C. fetus is adequate to 
establish a diagnosis of vibriosis in the herd. 

These culture media have been satisfactory in our laboratory, but others 
may also be effective. The cervicovaginal mucus is inoculated on cystine 
heart agar (Bacto) with 10% defibrinated bovine blood. These plates are 
incubated in an atmosphere of 10% CO2 at 37°C. After three to four days 
(some negative plates had colonies at seven days), small suspicious colonies 
are picked for staining and inoculation into differential media for positive 
identification of C. fetus. Pure cultures are inoculated into semi-solid thiol 
medium (Bacto) with 0.5 % added glutathione in deep stabs in screw-capped 
tubes for catalase tests. Cystine heart infusion medium is inoculated with lead 
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acetate paper strips under the screw caps for the determination of H 2S forma
tion. C. fetus subsp. fetus produces abundant catalase and is H2S negative 
(sometimes a trace). This organism will not grow in media containing 3.5 % 
NaCl or 1 % glycine. 

There are two other closely related bacteria that must be differentiated in 
the diagnosis of vibriosis. C. fetus subsp. intestinalis is the cause of epizootic 
abortion in sheep. It is a common inhabitant of the intestinal tract of sheep 
and cattle. It has been found rarely in aborted bovine fetuses. It is not spread 
venereally. The organism can be separated from the venereal organisms by its 
ability to produce H2S and growth in 1 % glycine media. C. sputorum subsp. 
bubulus is nonpathogenic and commonly found in the smegma of bulls. It is 
catalase negative, produces H2S, and will grow in 3.5 % NaCl and 1 % glycine 
media. 

Some cattle have vaginal mucus agglutinins from 60 days to seven months 
after infection (McEntee et al., 1954). In our hands and in those of others 
(Clark et al., 1970), the mucus agglutination has not been satisfactory due to 
false positive reactions. Blood serum agglutination tests have been unreliable 
for the diagnosis of vibriosis (Plastridge, 1955). 

Isolation of the Organism from the Bull 

Diagnosis of vibriosis in the bull is most efficiently done by the test-mating of 
virgin heifers. The bull is allowed to breed a virgin heifer after negative 
cervicovaginal mucus cultures have been obtained. Approximately half of the 
heifers have been positive one week after breeding, a few were not positive 
until three weeks. It is desirable that stud bulls are not used in natural 
breeding. Smegma from preputial scrapings, preferably, or semen combined 
with nutrient broth washings of the artificial vagina may be instilled into the 
cervix of virgin test-heifers. There appears to be no difference in susceptibility 
between heifers in natural estrus, artificially induced estrus, or not in estrus. 
Cervicovaginal mucus cultures from the test heifers are used to diagnose 
infection in the bull. 

There are a number of methods used for collection of preputial smegma 
from bulls. A simple method used in our experiments has been to vigorously 
massage the sheath with a squeezing motion over the glans toward the fornix. 
After the loose dirt is removed from the external preputial orifice with a dry 
paper towel, the secretions are collected with a scraping action into a sterile 
artificial insemination pipette with a syringe attached for suction. When 2 to 
10 cm of smegma are collected in the pipette the contents are washed out into 
3 to 5 ml of nutrient broth for use in a test heifer or for bacteriologic 
examination in the laboratory. Preputial material should not be frozen. 

231 



Direct culture of preputial material is difficult because of two main prob
lems. There is gross contamination with saprophytic bacteria which tend to 
overgrow the more fastidious C. fetus. The number of C. fetus varies from 
time to time and when the numbers are low contamination is more of a 
problem. Preputial material is cultured directly on highly inhibitory antibiotic 
blood-agar plates or filtered through a 0.65 ~lm cellulose acetate filter (Milli
pore) before inoculation on plates. The filter allows C. fetus to pass through 
while retaining most of the larger saprophytic bacteria. The antibiotics selec
tively inhibit the growth of contaminants. The use of both procedures has 
been shown to be superior to either alone (Shepler et al., 1963). Colonies 
found on the plates must be isolated in pure culture and inoculated into 
confirmatory media to differentiate them from C. sputorum subsp. bubulus 
and C. fetus subsp. intestinalis. These techniques are quite exacting and are 
best performed by experienced personnel. Positive cultures indicate that the 
bull is infected, but negative results do no exclude infection. As many as 14 
negative cultures have been made from an infected bull before a positive one 
was obtained (Kendrick, 1963). 

Fluorescein-conjugated C. fetus antibody for the detection of the organism 
in preputial material from bulls was studied by Mellick et al. (1965). It was 
possible to differentiate C. fetus from C. sputorum, but could not distinguish 
venereal and intestinal strains of C. fetus. Unless the examinations are made 
by an expert technician, it can be expected that false positive diagnoses will 
result (Taul and Kleckner, 1968). 

In all cases vibriosis must be differentiated from trichomoniasis which it 
closely simulates clinically. The two diseases are not uncommonly found 
simultaneously in the same herd. Another type of infertility easily confused 
with vibriosis is due to malnutrition during drought (Carroll and Hoerlein, 
1966), on good pastures severly overgrazed during the breeding season, and in 
lush pastures in high rainfall areas. The problem results from an insufficient 
intake of energy (Wiltbank et al., 1964). This condition is most frequently 
seen in heifers nursing their first calf. There is a lack of estrual activity. Dry 
cows will often be pregnant. Genital examinations made during the breeding 
season will reveal inactive ovaries. The cows produce milk first, the calves are 
often in good condition, but there is not enough energy intake to stimulate 
normal estrual cycles. 

In some herds where it was difficult to procure or transport samples to the 
laboratory, the diagnosis of vibriosis has been made by the use of vaccine. 
Part of the replacement heifers were vaccinated and identified and allowed to 
be bred by the old herd bulls. If vibriosis is present the vaccinated heifers 
should have a pregnancy rate of 90% or higher while the unvaccinated 
controls will have a much lower pregnancy rate depending on the level of 
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infection in the herd. If another infection or management problem is the 
cause of the infertility, the pregnancy rates in the two groups should be 
similar. 

Control Methods 

Methods for the control and prevention of vibriosis have been firmly estab
lished. The exclusive use of artificial insemination with semen properly 
treated with antibiotics can effectively control the disease in dairy herds and 
small beef cattle herds. In most beef cattle herds it is usually necessary to use 
"clean-up bulls" after artificial insemination to assure satisfactory pregnancy 
rates. This practice allows the spread of the infection to the nonpregnant 
cattle and maintains the disease in the herd. 

Experiments at Colorado State University led to the development of a 
highly effective vaccine for the prevention of vibriosis (Hoerlein et al., 1965). 
A highly virulent and immunogenic strain of C. fetus was killed with formal
in and a heavy suspension emulsified in an oil adjuvant. A single injection of 
the bacterin has been shown in field trials and controlled experiments to 
result in 90 % or higher pregnancy rates in infected herds. The efficacy of the 
vaccine depends on high concentration of antigen, immunogenic strains of C. 
fetus, and oil adjuvant. Bacterins made with other adjuvants require two 
injections and have been shown by field experience and guinea pig tests 
(Bryner et aI., 1979) to be inferior to oil-adjuvant bacterins. 

After more than 15 years of widespread field use, vaccination procedures 
are well established. In animals not previously vaccinated, the vaccine is 
injected as a single dose 30 to 120 days prior to breeding and possible 
exposure. After a diagnosis is made in the herd all female cattle should be 
vaccinated since convalescent immunity may not be adequate to protect many 
of the older cows. Annual revaccination is essential for maximal protection 
since vaccinal, like convalescent, immunity wanes with time (Hoerlein and 
Carroll, 1970). It has been convenient and satisfactory to revaccinate cows at 
weaning time when oil-adjuvanted vaccines are used. One should expect 90% 
or higher pregnancy rates when all female cattle are vaccinated in the absence 
of other disease or management problems. Heifers vaccinated after infection 
recovered more quickly than those not vaccinated. 

Since bulls have shown no evidence of convalescent immunity, their vac
cination has not been recommended in the past. Recent work in Belgium and 
Australia (Clark et al., 1975) suggests that the carrier state in bulls, especially 
the transient carrier, may be altered by vaccination. It appears that the 
vaccines used for bulls must have a higher antigen content than that used for 
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females. At this time it does not appear that bull vaccination will replace the 
vaccination of females as a means to assure maximal reproduction perfor
mance. 

C. fetus is sensitive to streptomycin and several other antibiotics. In well 
controlled experiments (Seger et al., 1966), it was shown that bulls could be 
cured of vibriosis. A single injection of dihydrostreptomycin (10 mg per 
pound of body weight) combined with local application of 5 g of a 50 % 
solution of the same antibiotic to the glans penis and prepuce was used. 
When later exposed to C. fetus these bulls were susceptible to reinfection. 
The elimination of infection from stud bulls has been successful only if strict 
sanitation was carried out to prevent spread from infected to treated bulls. 
The use of antibiotics does not appear to change the course of the disease in 
female cattle. 
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19. INFECTIOUS 
KERATOCONJUNCTIVITIS 

David E. Hughes 

Abstract. Infectious bovine keratoconjuntivitis (lBK) is a disease of cattle occurring 
perennially in all areas where cattle are raised. It is caused by a Gram-negative 
diplobacillus, Moraxella bovis. The organism is carried by diseased and inapparent 
carrier cattle. Signs begin with lacrimation, proceed to corneal ulcer formation, corneal 
opacity, corneal vascularization, and scar formation. Occasionally weakening of the 
eornea leads to rupture and subsequent loss of the eye. 

There is no effective treatment for IBK. Early in the infection, repeated applications 
of antiseptic solutions containing heavy metals, antibiotic ointments, powders, or 
sprays are helpful. The problem of maintaining effective therapeutic levels of the drug 
of choice in the ocular tissues makes repeated applications necessary. Systemic admin
istration of antibiotics or sulfa drugs may be used to maintain effective levels. Such 
applications may be impractical in large groups of cattle dispersed over wide areas. 
Immunoprophylaxis has not been developed to a practical tool. 

Disease 

Infectious bovine keratoconjunctivitis (IBK) is commonly called "pinkeye of 
cattle." Synonyms for IBK are infectious ophthalmia, infectious keratitis, and 
keratitis solaris. Pinkeye was described first by Akkerman in 1886 and Schim
mel in 1888 in the Netherlands, and by Billings in 1899 in Nebraska. The 
history of the disease and its relationship to sunlight were reviewed by 
Hughes et al. (1965). 

The disease is of considerable economic importance. Losses occur through 
direct and indirect causes. Indirect causes are attributed to discomfort during 
the acute stages because cattle with severely diseased eyes tend to protect the 
affected eye(s) from contact with other cattle as well as objects in their 
environment. Resulting inactivity tends to reduce feeding time and causes 
decreased growth and milk production. Treatment necessitates handling the 
animals and costs may be direct for labor, drugs, facilities, or indirect from 
weight loss, heat prostration, and injury. Disfigurement may vary from tiny 
corneal scars to microphthalmia following rupture of the eyeball. Frequently 
such cattle are sold for less than comparable unblemished animals. 
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Etiology 

The disease is caused by Moraxella bovis (Barner, 1952; Bryan et al., 1973; 
Hughes et al., 1965; Jackson, 1953; Jones and Little, 1924; Pedersen et al., 
1972a; Pugh et al., 1968), a Gram-negative nonmotile, bipolar staining non
sporulating diplobacillus. It occurs as short plump rods with rounded ends in 
pairs or in short chains. Cells are from 0.5 to 1.0 ~m in width and from 1.0 to 
2.0 um in length. Freshly isolated cultures are usually encapsulated. Colonies 
are apparent on blood agar after 24 h at 37 DC and are 1.0 to 3.0 mm in 
diameter with a zone of beta hemolysis about 0.5 to 1.0 mm in width. The 
colonies are round with entire margins, convex to umbonate, glistening, 
translucent, grayish, and slightly indented into the medium. These colonies 
are firm but tend to fragment when moved across the surface of the medium. 
Nonhemolytic colonies present the same characteristics (Pugh et al., 1968). 
Suspensions of these smooth colonies autoagglutinate in liquid mediums 
except for 10% magnesium chloride. After a further incubation at 25 DC the 
colonies increase to 3.0 to 4.0 mm diameter, appear more flat, and the zone of 
hemolysis becomes 1.0 to 1.5 mm in width. The dissociated, rough colony 
forms occur as both hemolytic and nonhemolytic types. The margin of the 
colony erodes and slumps in varying degrees, and a small portion or the 
entire border may become involved. Suspensions of rough colony forms do 
not autoagglutinate. In addition, they will not become established in suscep
tible eyes and are seldom found on initial isolation from acutely infected 
eyes. 

Factors that have been recognized as enhancing influences in the occur
rence of IBK are sunlight, wind, dust, flies, and nutritional deficiencies 
(Barner, 1952; Hughes et al., 1965). Ultraviolet radiation (UV), particularly 
that part of the spectrum which causes sunburn « 3200 nm) varies on a 
global basis according to latitude, altitude, and time of year. Ultraviolet 
radiation produced by sunlamps has been used to produce experimental IBK 
in calves confined indoors (Hughes et al., 1965). Flies have been shown to be 
mechanical vectors for M. bovis but apparently do not become infected, 
simply transporting the organism on their external surface (Brown and 
Adkins, 1972; Jones and Little, 1924; Steve and Lilly, 1965). 

Trauma and other ocular infections may serve as trigger mechanisms for 
induction of infections with M. bovis (Langford and Dorward, 1969; Pugh et 
al., 1970). 

Distribution 

The disease has been reported worldwide wherever cattle are raised. Since 
IBK is not a reportable disease, however, information on the specific inci-
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dence and occurrence is not available. The causative agent, M. bovis, has not 
been isolated from non-bovine hosts. Persistence of the infection in a herd 
may be by an inapparent carrier state in a low percentage of animals or in 
convalescing cattle. 

Epidemiology 

Usually IBK is introduced into a noninfected herd by an M. bovis infected 
animal. The animal harboring the organism can be either an inapparent carrier 
or an animal undergoing acute or chronic stages of the disease. 

The occurrence of an IBK epizootic in a chronically infected and diseased 
herd differs from that in a herd without previous infection or disease .. The 
introduction of susceptible cattle either through movement or by birth results 
in a new episode of IBK. During periods of quiescence (midwinter in temper
ate climates), the incidence of carrier animals demonstrated by cultural isola
tion of M. bovis may be as low as 2 to 3 %. Therefore, the probability of 
carriers present in a given herd increases as the number of animals in the 
herd increases or with the frequency of contact with carrier animals from 
another herd (Bryan et al., 1973; Hughes and Pugh, 1970). 

Transmission of M. bovis from animal to animal may be by direct contact 
with infectious ocular and nasal discharges or indirectly by mechanical vectors 
such as flies. The persistence of M. bovis on or in flies has been studied. It is 
thought that M. bovis does not survive inside the fly but can survive for 24 to 
72 hours on the surface of the fly. With this limitation in mind, it would 
appear that herd to herd transmission by flies would be rare except when the 
cattle comingle or are in very close contact. 

During the course of an acute episode of IBK in an infected herd, the onset 
of signs of disease can be observed. Less readily observed is the spread of 
infection with M. bovis. Not all infected animals develop disease. Further
more, the time between onset of infection and onset of disease may vary 
from 1 to 20 days (Hughes et al., 1970, 1976). Distinct differences between 
rate of infection and rate of disease in cows and in calves has been 
observed. The mean infection and disease rates observed in a 5-year study 
were 75 % infection for calves, 63 % for cows and 58 % disease for calves, 
16 % for cows. These differences have been interpreted to reflect greater 
resistance of the adults which was attributed to previous experience with the 
infection (Hughes et al., 1970). Field studies have shown that the presence or 
absence of IBK in a calf was not significantly related to the presence or 
absence of IBK in its dam (Hughes et al., 1970). 

Ultraviolet radiation is an important ancillary factor which appears to short-
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en incubation periods and increase the number of animals showing signs of 
disease (Hughes et al., 1965). The disease is seen more frequently during the 
time of year of greatest solar ultraviolet radiation. Peiods of intense sunshine 
after periods of cloudy weather seem to precipitate the onset of disease. 
Reflection of ultraviolet rays from the surface of snow or sandy surfaces with 
little vegetation may increase the dose incident on the eye and result in the 
appearance of new cases. 

Clinical Signs 

Signs of disease may be divided into four periods which provide a convenient 
framework for discussion. The first stage is exemplified by moist eyes or 
slight tearing. The second stage is the ulcerative stage concomitant with 
drooping of the eyelids. The third stage or the period of vascularization is 
when the corneal repair process predominates. The fourth stage is the time 
when the scar tissue resolves. 

The period of moist eyes is an ambiguous time when the cattle appear to 
tear readily. It may be caused by other environmental influences such as 
wind, dust, insects, plant irritation, and the like. In experimental IBK the first 
signs are usually an increased tear pool. The eye simply seems full. Edema 
and reddening of the conjunctiva is either nonexistent or so minimal that it 
cannot be accurately assessed. 

The period of ulceration can be recognized when the eyelid begins to droop. 
At the same time the iris begins to close. Comparison of affected and normal 
eyes will show these changes as well as the start of photophobia. Careful 
examination will reveal, either at this time or within a few hours, the initial 
ulcer. The acute ulcer may be easily stained by a 1 % aqueous solution of 
fluorescein dye. Later, the area around the ulcer will lose its transparency, the 
eyelid will close more and more, the iris will become spastic and close the 
pupil completely, and profuse lacrimation will occur. The initial ulcer may be 
a single spot barely visible (0.1 mm) or several such spots closely grouped. 
The ulcers usually begin in the central part of the cornea. Some may be 
located near the edge of the cornea but still will be surrounded by cornea. 
The opacity is associated with the ulcer and does not originate from a 
conjunctivitis. At the early ulcer stage conjunctival changes are usually min
imal but become evident after formation of the ulcer. 

In very severe cases the stroma of the cornea disintegrates in the vicinity of 
the ulcer. Loss of stroma results in herniation of the inner layers of cornea. 
Descemets membrane is elastic and cannot resist the pressure of the anterior 
chamber fluid. Small holes may be plugged by the iris. At such times the 
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eyeball is at great risk from any sort of trauma. Rupture of the descemetocele 
usually results in evulsion of the globe contents with subsequent permanent 
loss of function. 

The period of vascularization begins with the organization of vascular 
elements in the conjunctiva adjacent to the cornea. Capillary loops form in 
the adjacent avascular cornea in a band 1 to 3 mm wide. The bright red band 
progresses inward by the same capillary building process until it reaches the 
center of the cornea 10 to 15 days later. The band coalesces into a central tuft 
which gradually becomes devoid of blood and turns into an avascular scar. 
The scar is composed of abandoned vascular elements and fibroblasts which 
accompanied the ingrowth of capillaries. Repair of the cornea is closely 
associated with the vascular band and follows it from the conjunctiva to the 
center of the cornea. The corneal epithelium is repaired in the same way. 
Transparency is restored in the wake of the repair process and starts at the 
limb of the cornea and proceeds centrally. 

The period of cicatrization has its beginning in the repair process and can 
be recognized for a long time and in severe cases, for the remainder of the 
lifetime of the animal. The scar is composed of tissue elements which formed 
or migrated into the area during repair. Initially, clearing of these scars is 
fairly rapid. The rate declines slowly so that changes become less perceptible 
after the first 6 to 8 weeks. Comparison of photographs taken at 6 months or 
yearly intervals suggest that some scars continue to fade during the second 
year. Even in eyes with dense central scars over the central cornea, peripheral 
vision enables most animals to function. 

All eyes and cattle are not affected to the same degree so the clinical signs 
may vary and the healing process may be different, depending on the specific 
animal, husbandry, and management. In the early stages the ulcer may heal 
spontaneously, leaving a small scar. In others, a slight loss of corneal substan
ce may leave a flat area or facet associated with some amount of scar 
formation. Some eyes heal with only a small part of the cornea becoming 
vascularized while in others only conjunctivitis occurs. During the late heal
ing stages, it is not unusual to see erosion of the skin on the margin of the 
eyelids. These erosions are ulcers which heal slowly. They may involve one 
or both canthuses or may be extensive and involve most of the lid margins. 
In pigmented animals the erosions are most noticeable because of the loss of 
pigment. After healing, the pigmented cells are replaced and the lid margins 
appear normal. 

The two eyes may be affected simultaneously, sequentially, or in different 
years. This means that the disease may have quite a different effect on 
different animals. Those with simultaneous bilateral disease are most affected 
by loss of sight and may account for 8 to 10% of the affected animals. 
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Pathology 

Moraxella bovis does not invade the tissues, but appears to produce the tissue 
changes by means of surface phenomena. The most striking change in the 
cornea is the loss of transparency. The opacity is mainly due to edema. The 
scars are formed by the ingrowth of blood vessels, fibroblasts which support 
them, and by the random replacement of the corneal stroma cells. The eyes 
that rupture may lose the contents of the globe. Loss of the mechanisms that 
control the internal fluids results in a small, undersized, sightless eye. 

Immune Response 

When cultures of M. bovis are injected into rabbits, antibodies develop indi
cating that the organism is antigenic, but there is some question about its 
immunogenicity. However, the difference in the IBK disease response in 
cattle may indicate to some extent the variation of immune response to the 
disease (Pedersen and Nansen, 1972b). Disease rates of susceptible animals 
(calves) may be compared with previously exposed animals (adult cattle) in a 
herd having a history of IBK. In one herd the 5-year mean infection and 
disease rates for calves (75/63) were higher than for the adults (58/16) 
(Hughes et al., 1970). Generally, animals that have the most severe disease 
develop detectable levels of antibody while those with very mild changes do 
not. Multiple injections of M. bovis suspensions are necessary to cause all 
cattle to develop antibody (Hughes et al., 1976). Vaccinated cattle are pro
tected to a greater extent against homologous challenge than against hetero
logous challenge. Only a minimal correlation has been found between the 
presence of antibody and protection against the disease. Vaccination under 
field conditions has been less successful, presumably because of the presence 
of several infecting strains of M. bovis. While vaccination appears to be 
theoretically possible, the effective application has not been worked out due 
to the multitude of biological variables associated with the disease. 

Laboratory Aids to Diagnosis 

Cultural isolation of M. bovis from diseased eyes is the principal confirmative 
test. The usual precautions regarding sample collection, transport, and cultur
ing are necessary. Contaminants frequently found around the diseased eyes 
may overgrow and obscure M. bovis colonies. The organism may not survive 
prolonged transport under unfavorable conditions. The medium of choice is a 
5 % bovine blood agar. A known culture of M. bovis should be available for 
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comparison and as a control for the culture medium (Henriksen, 1971). 
Frequently laboratories have been unable to recognize M. bovis in routine 
cultures until they obtained a control organism. 

Cultures of M. bovis have a marked tendency to autoagglutinate. This 
characteristic makes the preparation of antigens for plate and tube agglutina
tion tests unsatisfactory. Use of a freeze-thaw antigen in an agar gel diffusion 
test has made it possible to observe antibody cha.nges in cattle after episodes 
of IBK and after experimental vaccination (Hughes et al., 1965; Hughes and 
Pugh, 1976; Pugh et al., 1977a). 

Immunofluorescence may be of some help in recognizing the diplobacillus 
in eye secretions but isolation and culture tests are quite specific. The latter 
tests require less complex equipment (Pugh et al., 1977b). 

Prevention and Control 

Infectious bovine keratoconjunctivitis is a contagious disease and most pre
ventive measures used in disease control are useful. Cattle with acute eye 
disease or M. bovis carriers should not be introduced to a herd free from IBK. 
Because of the frequency of infected herds and carrier animals, it is recom
mended that cattle be treated with antibiotics or other chemotherapeutic 
agents before they are added to a herd. Also, cattle may be treated before the 
calves are born in the spring. Fly control measures, sanitation, sprays, dusts, 
self oilers, as well as systemic insecticides are recommended. 

Once an infected animal is found in a herd, all animals should be treated. 
Treatment has assumed a wide variety of forms. Eye drops and sprays may 
afford a direct approach to the infected eyes. Unfortunately, the difficulty of 
maintaining a therapeutic level of drug in the conjunctival sac necessitates 
repeated application of the treatment. In addition, the importance of nasal 
infection in the carrier state, and the effect of ocular treatment on the nasal 
carrier state has not been determined. It is more important how and when the 
treatment is given than what is used. The importance of treating all eyes 
(animals) cannot be overemphasized. Affected eyes should be treated to 
achieve a prolonged therapeutic level of drug and the treatment should be 
repeated. Treatment should be applied as early as possible because elimination 
of M. bovis from a diseased eye will not restore the destroyed tissues and 
cannot be expected to speed the repair process. Examination and treatment 
during an acute outbreak of IBK should be done at least three times a week. 
Severely affected animals should be separated, kept in darkened quarters, and 
provided with suitable clean, fresh feed and water. Treatment should be given 
at least twice daily. 

243 



Antiseptic eye solutions such as boric acid, mercurials, argyrol, silver 
nitrate, and copper sulfate were used beneficially during the first half of the 
century. More recently, zinc sulfate in a 1 : 40 solution and ethidium bromide 
were found useful (Jones and Little, 1924; Mitter, 1915). Topical application 
of ointment, dust, or spray preparations containing a variety of antibiotics and 
sulfonamides have been used (Barner, 1952; Jackson 1953; Pedersen, 1973; 
Eichler, 1958). All reports stress repeated treatment applied early in the 
disease to achieve best results. 

Systemic administration has not been used extensively. Pedersen (1973) has 
used sulfadimidine in therapeutically active dose levels to successfully elimi
nate ocular infection with M. bovis. We have used oxytetracycline and tylocin 
in the same way. 

Control of IBK by vaccination of calves has not been successful when done 
in large herds under controlled conditions (Hughes et al., 1976, 1979). Exper
imental evidence indicates that the approach has merit and that further 
research is justified. 
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20. BLACKLEG AND MALIGNANT EDEMA 

1. E. Selman 

A: BLACKLEG 

Abstract. Blackleg is a relatively common disease of cattle which generally leads to 
rapid deterioration and death. It is usually considered to be due to infection by the 
anaerobic bacterium, Clostridium chauvoei although on occasion other organisms such 
as C/. novyi and C/. septicum may be implicated. Spores of CI. chauvoei occur in the 
soil in problem areas most frequently as the result of contamination by the decom
posing bodies of earlier cases. It is probable that infection takes place by ingestion, but 
how the organism reaches the musculature and why there may be a sudden stimulus 
for organismal proliferation is not understood. The pathological lesions arise as the 
result of the action of highly potent exotoxins which are produced and released by the 
bacterium. A severe inflammatory reaction takes place· rapidly progressing to gangrene. 
The animal usually dies within a few hours of first becoming ill. Treatment of 
established cases is usually unsuccessful and prevention rests upon the use of a mon
ovalent or polyvalent vaccine. 

Etiology 

The cause of classic or "true" blackleg is a strictly anaerobic bacterium, 
Clostridium (feseri) chauvoei. This organism is a slender (5 ~m X 0.5 ~lm), 
rod-shaped bacillus with rounded ends. It usually occurs singly or in pairs and 
is Gram positive and motile. The oval spores may be situated centrally or 
subterminally, giving rise to lemon-shaped, pear-shaped and tennis racquet 

forms. 
CI. chauvoei is a somewhat fastidious organisms and grows best on media 

containing blood, serum, brain, liver, meat or glucose. Other details regarding 
its cultural and biochemical behavior have been reviewed by Soltys (1963). 

Several different exotoxins are produced by this organism including deoxy
ribonuclease, hyaluronidase and a hemolysin. These toxins are similar but not 
identical to those of CI.septicum (see Malignant Edema). 

Pathogenesis 

In classic blackleg, the clinical disease in cattle is rarely if ever associated with 
previous penetrating wounds or obvious bruising. The organism, found in the 
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spleen, liver and alimentary tract of apparently normal animals, is most 
probably acquired by ingestion. From the intestine, the organism invades 
muscular tissue. The nature of the stimulus which may provoke bacterial 
proliferation and toxin production is not understood. Some evidence exists 
suggesting that the metabolic activity of various muscle groups may play a 
role in the pathogenesis of the disease. The intramuscular injection of calcium 
chloride following the oral administration of C/. chauvoei spores results in 
disease even when a period of 25 days has elapsed between the two events 
(Soltys, 1963). Nevertheless, factors, not yet properly understood, create local 
conditions which favor invasion and proliferation in the host's musculature. 
Highly potent toxins are released which give rise to a necrotizing and gange
rous myositis and toxemia. The condition is almost invariably fatal. 

Distribution 

Blackleg, a soil-borne infection, is acquired by cattle as the result of ingesting 
contaminated food. The bacterium is not considered to have a saprophytic 
existence outside the animal body. The organisms in soil are probably depo
sited there following the disintegration of infected carcases. The spores are 
extremely resistant and may remain infective for many years; for this reason, 
certain farms, pastures and handling areas may remain potentially dangerous 
indefinitely. 

On some occasions, blackleg may appear as an outbreak where several 
animals may succumb over a period of days or weeks, but quite often the 
disease arises in only one or two animals. The disease is most common in 
grazing animals during the warmer months of the year and in certain coun
tries it is most prevalent during the rainy seasons. Outbreaks have occurred at 
other times, however, particularly when drainage operations have been carried 
out. 

All ages of cattle may be affected. However, most cases occur from six 
months to two years suggesting that animals may become infected via 
breeches in the oral epithelium which arise as deciduous teeth are shed. In 
almost every instance of blackleg affecting young cattle, it involves only the 
best nourished individuals in the group. The reasons for this are not clear. 

Clinical Signs 

In most cases, blackleg results in sudden death; if live cases are encountered, 
death usually follows within 12-24 h. 

In very early cases, there is profound depression and high fever. The most 

248 



commonly affected site is the upper limbs which suffer lameness or complete 
loss of limb function. On closer examination, there will be extensive pain and 
hot swelling although this quickly changes to a cold, painless stage with a 
dry, bluish -black skin covering. Latterly, there is distinct edema around the 
site and emphysematous crackles may be palpated. At this stage, however, 
the animal is almost always completely recumbent and near death. Other sites 
involved include the throat, neck and thoracic inlet, the back and loins and, 
occasionally in newly-calved animals, the vulva, vagina and perineal areas. 
Rarely is the disease limited to the diaphragmatic area. 

Pathology 

In cases which are found dead, there is usually little sign of a struggle and 
when the affected area is a limb it is usually uppermost and held extended. 
The carcass is often bloated, and blood-stained froth and blood clots are 
present at the nostrils and anus, respectively. 

When a newly-dead carcass is opened, putrefaction will be seen to be 
rapidly advancing. Considerable quantities of sero-sanguineous fluid are pre
sent in the pleural, pericardial and peritoneal cavities and gas-bubbles are 
often present in the affected muscles, which are swollen and dark, sometimes 
almost black. On rare occasions such lesions are localized to a relatively small 
area; usually the lesions are extensive. 

Immune Response 

It is said that cattle recovering from blackleg are resistant to the infection for 
the rest of their lives. Proof that acquired immunity arises following mild 
exposure to the organism is not yet available to explain relative resistance in 
adult cattle. 

Laboratory Aid to Diagnosis 

In many instances, use of laboratory aids for confirmation of diagnosis is not 
necessary since the epidemiological, clinical and pathological features of black
leg are so characteristic. Moreover, if attempts are made to positively identify 
the causal agent, bacteriological examination must be carried out on tissues 
and samples from recently deceased animals because rapid putrefaction leads 
to a massive invasion of many other clostridia from the alimentary tract. 
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Under optimal conditions, Ct. chauvoei can usually be identified from a 
suitably stained direct smear of affected tissue or edema fluid. In many cases, 
however, it would appear that blackleg is not simply the result of a pure 
infection of C/. chauvoei. In many cases a mixed infection with C/. septicum 
may be involved; in other cases the org"anism is not found and the agent held 
responsible is C/. novyi with or without Ct. septicum. Clearly, when dealing 
with fastidious organism such as C/. chauvoei, lack of identification does not 
necessarily imply that it had no role in the pathogenesis of the condition. The 
situation does, however, illustrate how complicated laboratory investigations 
into blackleg may become and how important it is to be prepared to carry out 
special isolation and identification techniques if a proper attempt to establish a 
finite diagnosis is made (Williams, 1977). 

Prevention and Control 

Whenever possible, carcases of animals known or strongly suspected of black
leg infection should be burned or deeply buried. In addition, certain areas on 
farms known to be endemic for blackleg should be put to alternative agricul
tural use or grazed only with vaccinated stock. In this context, it should also 
be emphasized that blackleg is a well-recognized problem in sheep of all 
ages. 

Various C/. chauvoei vaccines are available, most of which are currently 
prepared from formalin-killed whole cultures of the organism. Immunity is 
almost entirely antibacterial rather than antitoxic. Vaccination strategy must 
be varied according to local conditions, but in general it is recommended that 
the first dose of the vaccine be administered six weeks, and the second dose 
two weeks prior to the onset of the period of maximum risk. Thereafter, 
annual vaccination of all cattle is advised if local conditions suggest this is 
necessary. 

When faced with an outbreak, vaccination of all cattle should be carried out 
immediately and the group at risk should be promptly moved to an alterna
tive grazing area. Since the vaccine does not confer protection for about two 
weeks, it is often suggested that all cattle should also receive blackleg antise
rum or large doses of long-acting penicillin at the time of vaccination. Of 
these options, penicillin is preferred since it is much more economical. 

If clinical cases are encountered and treatment is attempted, the animal 
should be given massive doses of procaine penicillin intramuscularly and 
around the infected area in addition to intravenous soluble penicillin. Again, 
the use of blackleg antiserum is of questionable value. 

Finally, blackleg may possibly occur as the result of other (or mixed) 
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clostridial infections. This must be considered, particularly if a problem per
sists among stock which have been vaccinated against C/. chauvoei. In view 
of the practical problems which may arise with detailed diagnostic tests, an 
alternative vaccination prevention program using a mixed vaccine (C!. chau
voei, C/. novyi, C/. septicum) may be the best course of action if mixed 
clostridial infections are suspected. 
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B: MALIGNANT EDEMA 

Abstract. Malignant edema is usually due to infection by the anaerobic bacterium, 
Clostridium septicum, although other clostridia may occasionally be involved. The 
organism is a common inhabitant of the intestinal tract of all herbivores and occurs 
widely in soil and feces. In most cases it gains entrance to an animal's body through 
contaminated wounds and thereafter produces a severe local reaction leading to necro
sis, edema, gangrene, and profound systemic effects due to toxemia with rapid dete
rioration and death. Treatment of established cases is only occasionally successful but 
the disease may be prevented by use of a vaccine. 

Etiology 

The cause of malignant edema is the strictly anaerobic bacterium, Clostridium 
septicum. It is a large (2.0-9.0 ~lmxO.4-0.6 ~m) rod-shaped organism which 
closely resembles C/. chauvoei except that it commonly appears in long 
chains. It is Gram positive and motile. The spores are oval, subterminal and 
slightly larger in diameter than the bacillus. The organism grows well under 
anaerobic conditions on most ordinary culture media although it prefers 
slightly alkaline conditions. For other cultural, biochemical and behavioral 
characteristics, the reader is referred to the work of Soltys (1963). 

A number of different strains of C/. septicum exist but all strains and also 
Cl. chauvoei possess a single common spore antigen. For this reason, it has 
been suggested that the two organisms should be regarded as two types of a 
single species (Soltys, 1963). Under suitable circumstances, CI. septicum pro
duces a very potent exotoxin which induces severe liquefactive necrosis. The 
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exotoxin is made up of two major components, a toxin (hemolysin) and f3 
toxin (desoxyribonuc1ease) and also hyaluronidase and collagenase (Soltys, 
1963). 

Pathogenesis 

In cattle, infection usually gains entrance to the body through a wound 
contaminated by dirt or feces. Deep wounds, providing conditions favorable 
to anaerobic growth, are most often associated with the disease. Proliferation 
of the organism gives rise to local inflammatory changes which quickly 
progress to gangrene; usually there is marked toxemia resulting in rapid 
deterioration and death. 

Distribution 

Malignant edema occurs widely throughout the world but is subject to local 
variations in prevalence. 

Epidemiology 

Clostridium septicum is a soil-borne infection with highly resistant spores. The 
organism is also a common inhabitant of the alimentary tract of herbivores. 
The disease in cattle usually arises following contamination of either surgical 
or accidental wounds with either dirt or feces. Occasionally it may arise 
following parturition. 

The disease occurs sporadically throughout the year and may affect all ages 
of cattle. It has been suggested that it chiefly involves housed animals 
(Henning, 1956) although this may well reflect only a local tendency. 

Clinical Signs 

The incubation period is short (Le., within one or two days). When the 
disease is a post-parturient infection, signs are usually seen within a few days 
of calving. There is marked depression, anorexia and high fever; within a 
short time affected animals are totally recumbent. The infection site is swoll
en, hot and painful in the earlier stages. This rapidly progresses to a stage 
where swelling persists, sometimes with a foul-smelling, sanguineous dis-
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charge but pain is not evident. The swollen area eventually becomes cold, 
discolored and sometimes emphysematous. Occasionally, a syndrome is 
encountered where the condition is initially limited to the head, particularly 
the intermandibular space. The inflammatory lesion in such cases quickly 
tracks down the dewlap, sometimes to extent into the thorax to produce a 
necrotizing pleurisy. Death usually occurs within a few days; commonly 
animals are presented as sudden deaths. 

Pathology 

In most cases, lesions are localized to the area around the infection site and 
if adjacent musculature is involved it is rarely extensive. There is usually 
gangrene of affected tissue with a foul, putrefying smell. Gelatinous, blood
stained edema is found around the site and extending subcutaneously; often 
it also extends along intermuscular septae. In many instances, gas bubbles are 
present in the surrounding tissues. Further examination usually reveals gen
eralized petechiation and relatively large quantities of serosanguineous fluid in 
the pleural, pericardial and peritoneal cavities. Associated lymph nodes are 
usually enlarged, edematous and hemorrhagic; occasionally there will be gas 
bubbles present. 

Immune Response 

It is assumed that recovered cases are solidly immune to reinfection. 

Laboratory Aids to Diagnosis 

Swabs may be taken from infected sites before and after death to establish the 
identity of the causal organism. As with blackleg, the examination of animals 
which have been dead for more than a few hours, particularly in warm 
climates, is likely to produce information of little or no value due to the 
massive invasion of the body tissues by other clostridia. In recently-deceased 
animals, it is worthwhile to examine a smear of peritoneum or the liver 
surface when the typical long chain of C/. septicum may be seen. This 
organism is easily confused with Ct. chauvoei on morphological grounds and 
for definitive identification it is usually necessary to carry out more detailed 
studies (Henning, 1956; Williams, 1977). In addition, it has to be recognized 
that other similar organisms (i.e., Cl novyi, C/. peifringens and Ct sordelli) have 
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also been isolated from lesions similar to those of malignant edema (Blood 
and Henderson, 1979). 

Prevention and Control 

In general terms, the proper management of both accidental and surgical 
wounds, including administration of antibiotics, is often adequate enough to 
prevent malignant edema arising in cattle. However, it has to be recognized 
that under certain conditions this is hardly practical. Whenever the disease is 
considered to be a significant potential hazard, a vaccination regime should be 
instituted. In view of the possibility that mixed (or other) infection may occur, 
it is probably wise to use a polyvalent clostridial vaccine in problem areas. 

When faced with an outbreak, for example after castration of a large 
number of cattle, it is probably best to carry out herd vaccination and to 
administer a large dose of long-acting penicillin to each animal. Again, the 
at-risk group should be moved to an area known to be free of this disease. 
The treatment of individual cases is usually unsuccessful but when attempted 
it should involve massive doses of procaine penicillin, both intramuscularly 
and around the infection site, together with large, frequently-repeated doses 
of soluble penicillin administered intravenously. Attention should also be paid 
to ensuring that the wound is carefully cleaned and drained adequately. As 
with blackleg, the use of antiserum is probably of little or no value. 
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21. CONT AGIOUS BOVINE 
PLEUROPNEUMONIA 

E.P. Lindley 

Abstract. A short general account of contagious bovine pleuropneumonia including a 
brief description of the causal organism Mycoplasma mycoides subsp. mycoides is given. 
The history of the epizootic is traced and its economic importance as an obstacle in 
the mid 19th century to the devlopment of an intensive cattle husbandry, e.g., milking 
herds, hence its central role in the formation of the veterinary services of many 
countries is stressed. The relative late development of mycoplasmatology and the early 
eradication of the disease from developed countries is blamed for the slow advance in 
disease control in other areas. 

Clinical and pathological features of the disease are described as are the laboratory 
aids to diagnosis. The significant role of the complement fixation test as a diagnostic 
procedure is mentioned. Since the spread of the disease takes place by contact between 
infected and susceptible cattle, historical methods of control were based on the appli
cation of strict quarantine measures for newly imported cattle and the slaughter of 
infected animals or whole herds. It was not until improved diagnosis and standardized 
vaccines were available that a system of control more suitable to the less developed 
parts of the world was possible. A lyophilized vaccine made from strain Tl/44, 
although it produces a low percentage of post vaccinal subcutaneous reactions, has 
been demonstrated to be stable and immunogenically efficient. The availability of new 
potent antibiotics may add a new weapon in the development of control measures. 

It is suggested that, given social and political stability in the present enzootic areas 
and continuous application of modern control measures, the disease could be elimi
nated from these remaining areas by the turn of the century. 

Introduction 

Contagious bovine pleuropneumonia (CBPP) is a specific disease of cattle 
caused by Mycoplasma mycoides subsp. mycoides (Freundt, 1974). The disease 
produces massive pathological changes in the thoracic cavity. It is of consid
erable historical importance because the state veterinary services of many 
countries were established in the 19th centry in an effort to reduce the severe 
losses caused by the impact of this disease on newly-developing forms of 
intensive husbandry, e.g., in dairies using improved, more valuable breeds of 
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cattle. Presently the disease exists only in some countries of Africa and Asia 
where social or political factors, extensive forms of husbandry and logistic 
difficulties make control measures difficult to apply. 

In the older literature it was known as "Iungsickness", "Lungenseuche der 
Rinder" (German) but usually the name is more explicit. The prefix' peri' or 
'pleuro' is added to characterize the pneumonia and the contagious nature of 
the disease and the host is indicated, e.g., "peripneumonie contagieuse des 
bovides" (French) and "perineumonia contagiosa bovina" (Spanish). 

Etiology 

For a long time it was disputed whether Mycoplasma mycoides subsp. 
mycoides, the organism isolated from lung lesions of affected cattle, was the 
sole cause of the disease. This was because of the difficulty of reproducing the 
typical lesions in susceptible cattle by the inoculation of pure cultures of the 
above organism. When this technical problem was resolved the etiological 
role of the specific mycoplasm was no longer in doubt. 

The name of the organism has been changed several times since it was first 
described by Nocard and his coworkers in 1898 (Turner, 1959). Originally 
three similar diseases of unknown etiology were observed occurring in domes
tic ruminants. These were contagious agalactiae of sheep and goats, contag
ious caprine pleuropneumonia and contagious bovine pleuropneumonia. The 
causative agent of the CBPP was the first to be isolated. It was 50 years later 
that improved laboratory techniques were developed which permitted the 
extensive study and identification of this organism (Leach, 1967). Based upon 
results of these studies, the organism was taxonomically placed in the class 
Mollicutes, order Mycoplasmatales, family Mycoplasmataceae. 

The typing of new species within the genus Mycoplasma can only be 
undertaken by specialists in well equipped laboratories (Tully, 1974). Myco
plasma subsp. mycoides is less fastidious than most mycoplasms, grows quite 
readily in cell-free media and hence certain cultural procedures are well 
within the scope of the ordinary diagnostic laboratory or investigation cen
ter. 

The agent and its properties 

The organism lacks the rigid membrane of the bacteria and is pleomorphic. In 
young broth cultures it appears as branching filaments and in old cultures as 
small coccal bodies. Globular and asterodiscule bodies also occur but these 
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forms may be a result of differences in the media, pH, etc. The mycoplasms 
in these cultures can be seen with the light microscope after staining with 
Giemsa but the small forms are almost at the limit of a resolution of the light 
microscope. Dark field microscopy is preferred although some experience is 
required to differentiate the mycoplasm forms from other particles found in 
biological fluids. 

Chemically defined culture media have been developed, but for routine 
purposes, a digest broth with 10-20% serum gives satisfactory growth. Peni
cillin and thallium acetate are usually added to the medium to inhibit growth 
of possible contaminants. Enrichment additives such as yeast extract, liver 
digest and glycerol may enhance growth. Twenty-four to forty-eight hours 
after inoculation, growth can be seen in the form of a light turbidity in the 
broth. 

In the broth media positive cultures appear turbid and after 3 days of 
incubation a very light deposit may be seen at the bottom of the tube which 
produces a characteristic swirl when the tube is rotated. Growth on solid 
media is slower, taking about 4-5 days to produce colonies of about 1 mm in 
diameter. The colonies are typical of mycoplasms having a raised center, a 
flattened periphery, and a central projection down into the media. This 
colonial appearance is referred to as a 'fried egg' colony. In transmitted light 
the center of the colony appears darker than the periphery. There is some 
variation in colony form between different strains of M. mycoides subsp. 
mycoides which serves as a useful identification marker. The organism 
requires CO2, it grows well at 37°C and at pH 7.4-8.0. 

For its growth the organism requires cholesterol. It does not hydrolyze urea 
and produces acid but not gas in the presence of glucose, fructose, maltose 
and galactose. Lactose and sucrose are not fermented. Some strains are 
proteolytic and some produce slight haemolysis on blood agar plates (Leach, 
1967; Ern0 and Stipkovits, 1973). 

Several specific organismal protein and polysaccharide antigens have been 
identified and studied. The organism is probably exceptional among myco
plasms with regard to the quantity of galactan it produces. Pure cultures are 
rich in galactan, both diffused in the media galactan F and inside the myco
plasm, galactan C. This galactan is important pathologically in that it inter
feres with the host defense mechanisms and also may interfere with the 
specific reaction in some serological tests. Although related polysaccharides 
occur in other microorganisms, it is sufficiently specific to be used as a 
precipitinogen in the precipitin test for CBPP. 
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History and distribution 

Because CBPP presents very distinctive signs clinically, pathologically and 
epizootiologically, its recorded history since the 18th century is quite credible 
in spite of the rudimentary veterinary services available at the time and the 
confusion over disease description. The disease originated in Central Europe 
and spread throughout the continent during the Napoleonic wars. It is known 
with certainty that it was introduced into England in about 1840, into the 
United States in 1843, and into Scandinavia in 1847. During the period of 
colonial expansion, CBPP was taken to South Africa (1854) and to Australia 
(1858); in both places it passed along cattle routes spreading into the two 
continents. At the turn of the century the disease was already in several 
African countries bordering the Sahel but it may have been introduced into 
this region much earlier via West African ports, e.g., Dakar. In the early 
decades of this century it was diagnosed in India, China and Japan. 

The economic impact of CBPP upon the developing animal industries in 
Europe and America prompted energetic responses and legislation for the 
control of animal diseases. Progress towards eradication was continuous 
except for interruption due to wars. Sweden recorded its last outbreak in 
1856, U.S.A. in 1892 and U.K. in 1898 (Anon., 1965). The disease was 
eradicated from Japan in 1932 and from the U.S.S.R. about 1946. An isolated 
outbreak was reported on the French-Spanish border in 1967; afterwards 
Europe became free; Australia reported its last case in 1967. 

The disease was of great economic importance. Reliable data (Anon., 1965) 
indicate that the introduction of the malady into the United States, South 
Africa and Australia caused losses in certain susceptible herds of up to 50%, 
resulting in millions of dead cattle in the first years after the introduction. 

The disease still exists in Africa and Asia (Table 1). In the Arabian Gulf 
states, e.g., Kuwait, its presence is associated with the importation of live 
slaughter cattle. In countries where one still finds the disease, its distribution 
is limited and localized in remote areas where the methods of animal husban
dry, the paucity of veterinary services and logistic difficulties make control 
difficult. 

It has proved extremely difficult to make a rational estimate of the cost of 
CBPP in the areas where it still exists for methods of animal husbandry in 
these regions are geared more to survival than to profit. When incapacitated 
animals are slaughtered the meat is salvaged to avoid a complete loss. The 
disease presents a major obstacle to development and improvement of animal 
industries in regions unsuitable for other forms of agriculture. Hence the 
countries concerned, frequently with the help of international aid agencies, 
seek to carry out campaigns for the control and eventual eradication of CBPP. 
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Some programs are still in progress and results indicate that the incidence and 
distribution of the disease is being continually reduced. A long-term view is 
needed to assess the cost-benefit of these programs. 

In recent years, where normal services have been disrupted through politi
calor other disturbances, CBPP has reappeared and caused serious losses. 

Epizootiology 

The causative agent is spread in the expired breath from infected to suscep
tible cattle in 'close' proximity. There is no evidence that any other means of 
infection, i.e., by fomites, the urine and other excretes are of practical field 
importance. The mycoplasma in droplets of the expired air of the infected 
animal may be carried by currents of air a relatively long distance. Sunlight 
may affect the viability of these droplets; the relative humidity affects their 
size and hence the degree of penetration into the respiratory system and the 
lung of the recipient animal. This may explain the poor results obtained in the 
earlier attempts at artificial infection with aerosols. In spite of these consider
ations, the natural disease is transmitted with ease and rapidity in both the 
humid tropics and semi-desert areas. The closeness of contact between ani
mals seems to be the sole criterion dictating the speed with which the 
infection would spread in a susceptible herd. 

Hudson (1971) carried out an experiment in which healthy susceptible 
animals were moved into heavily contaminated stables from which infected 
animals had just previously been evacuated. The atmosphere of the stable 
was free from air-borne infected droplets. This rotation was carried out daily 
for 66 days and then another 22 days were allowed to elapse before the test 
group was slaughtered and examined. It was not possible to demonstrate any 
evidence of infection in these animals. This experiment demonstrated that the 
risk of spread of infection other than air-borne is negligible. 

Although strains of M. mycoides subsp. mycoides have been isolated from 
other animals, e.g., goats, and lesions of CBPP reported in buffaloes and other 
ruminants, there is no evidence that these animals are of any practical field 
importance in the spread of CBPP to cattle. The introduction or reintroduc
tion of CBPP (after eradication) into countries or regions has invariably been 
associated with the arrival of infected cattle. 

The absence of a suitable laboratory animal, the difficulty of reliably repro
ducing the disease in cattle, and the inadequacy of laboratory techniques for 
dealing with microbiological and serological aspects of mycoplasmology have 
hampered research progress in CBPP. After CBPP had been eliminated from 
most of Europe and America, attention was transferred to other veterinary 
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problems and funds and research on CBPP dried up. In these countries 
interest was switched to other mycoplasma diseases of man and animal. 

Incubation period 

The length of the incubation period depends upon the volume of the infective 
dose, the virulence of the strain, and the immune state of the animal. The 
organism can remain within the tissues of the host, e.g., retrophyaryngeal 
lymph gland without causing macroscopic pathological change and the pro
gress of subclinical disease may depend upon extraneous factors. Turner 
(1959) considered that under natural conditions some animals may have long 
periods of clinical resistance before succumbing to the disease. These factors 
may account for the various incubation periods (5 to 207) days reported in the 
literature. Under the artificial conditions of constant exposure mentioned 
above, the incubation period varies from 5 to 28 days. 

Clinical signs 

An early phase of CBPP usually escapes clinical detection (Hudson, 1971). The 
first clinical sign of CBPP in a dairy herd may be a fall in milk production. In 
range animals the first sign is the malaise exhibited by an animal with fever, 
i.e., a standing coat and a reluctance to move. In those animals in which the 
disease runs a subclinical course, fever may be transient. 

The signs in the animal with the acute disease are striking; the animal is in 
extreme distress with labored respiration, heaving flanks, elbows turned out
wards, head poked forward, dilated nostrils, drooling or frothing at the 
mouth, and the legs' planted', quite unwilling to move. 

Outside the experimental stables such cases are seen infrequently and more 
usually one is presented with an animal exhibiting the sub-acute stage of a 
pneumonia or pleuropneumonia, with a standing coat, high temperature and a 
moist intermittent cough. There may be a discharge from the nostrils and the 
mouth, the animal stands apart from the herd and moves reluctantly. 

Cattle of all ages may contract CBPP but young calves may exhibit an 
arthritic condition with swollen puffy joints without signs of pneumonia. 
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Diagnosis 

In the event of a single case this can be difficult and will always be tentative. 
Two factors help considerably. In infected zones, one is on the lookout for 
CBPP and any pneumonic case is treated as suspect. Secondly, when one is 
usually examining a group of animals, the whole herd is being examined. The 
herd should be made to move around and trot in a circle. This activity may 
elicit a cough and also indicate the animal which is reluctant to move, being a 
suspect of CBPP. This is followed by taking temperatures, examination by 
percussation and auscultation of suspected cases. 

On the basis of the clinical examination where CBPP is suspected, it may 
be justifiable to slaughter a diseased animal and perform the autopsy. The 
taking of samples for laboratory examination to confirm diagnosis is always 
essential. Once the diagnosis has been established, the investigation into the 
origin of infection is the next important step. At this stage also, the prelimi
nary measures of control must be initiated as CBPP is a reportable disease in 
nearly all countries. 

Pathology 

The principal lesions are confined to the thoracic cavity and may be conve
niently classified for description purposes according to the degree of change as 
acute, subacute, or chronic with sequestrum. 

1. Acute Form 

In the acute case the most striking features on opening the thoracic cavity are 
the presence of the pleural edema fluid which may amount to several liters. 
The lungs are swollen as a result of the inflammatory reaction and remain firm 
even when removed from the chest cavity. There is frequently a thick 
caseous fibrinous deposit over the visceral and parietal pleura. The fluid is 
clear, straw-colored, may contain pieces of fibrinous material and large num
bers of mycoplasms. 

A cut into the solidified lung will demonstrate another classical feature of 
CBPP, the interlobular septa distended with fluid separating the hepatized lung 
lobules (Fig. 1). This tissue abnormality is referred to as 'marbling'. This 
effect is caused not only by the appearance of the thickened septa but also by 
the different colors of the lobules from deep red to bluish. Frequently the 
relatively tiny portion of the remaining functional lung tissue is striking 
which explains the acute respiratory distress of the animal in the terminal 
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Fig. 1. Incised lung from an acute case of CBrr. The 'marbled' effect and the distended 
interlobular septa are clearly distinguishable. 

stage of the disease. It should be noted that the pulmonary form of hemorr
hagic septicemia (pasteurellosis) may occasionally produce lung changes simi
lar to the above. The other features which may be seen such as hemorrhagic 
infarction, ischemic necrosis, bronchial plugs formed by the clotting of the 
bronchial exudate and emphysema are not peculiar to CBPP. 

2. Subacute Form 

This definition refers to those cases in which the lung involvement is less 
intensive and may not involve the pleura. In this category belongs the early 
progressive case, as well as those in which the development of the lesion has 
been arrested by the immune response of the animal. It is appropriate to 
consider the pathogenesis of the disease. The droplet nuclei reach the alveoli 
or terminal bonchioles of the recipient animal where they multiply in intimate 
association with the host cells (but not intracellularIy). The mycoplasm 
spreads peribronchially and endobronchially to involve the entire lobule and 
along the bronchial pathways to neighboring lobules. 

The site becomes edematous and infiltrated by macrophages and polymor
phonuclear leukocytes. Serous occlusions occur in the lymphatic drainage 
channels and there is an extension of the infection along the lymph vessels. 
The distension of the septa is due to serous exudation via the dilated lym
phatics and is a result of the increased vascularity. There is an accumulation 
of lymphocytes around the lymphatics and the arterioles. Hemorrhagic infarc
tion leads to necrosis but centers of organization are also evident at this stage. 
One or more lobes may be involved in one or both lungs. All states of this 
process may be seen in the subacute form of the disease. 
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3. Chronic Form 

Depending on the degree of arterial thrombosis and interference with the 
blood supply, there may be organization and gradual repair of affected tissues; 
also, more extensive tissue areas may become necrotic, walled off by fibrous 
tissue and encapsulate forming a sequestrum. The contents of the sequestrum 
may retain the form of the original tissue and usually remain infective for 
several months even after the animal has clinically recovered. These animals 
are the chronic carriers and are highly important in the epizootiology of the 
disease. When there is a breakdown of the wall of the tissue sequestrum, 
infective material may escape via bronchial passages and be coughed up to be 
passed out as droplets which may serve as a source of infection for susceptible 
animals. 

In many cases there are fibrous adhesions between the pleura following 
fibroblastic reorganization of the fibrinous exudate. There may also be patho
logical changes in other tissues, for example, the kidneys, heart, pericardium 
and the joints, especially in the acute case but macroscopically these are not 
pathognomonic lesions. 

Immune response 

The immune processes, although differing in detail, parallel those seen in 
other microbial diseases. After experimental infection with suitable cultures of 
M. mycoides subsp. mycoides cattle develop precipitating, agglutinating and 
complement-fixing antibodies, the level of which can be estimated using 
appropriate serologic tests (Hudson, 1971). Of practical importance is the 
protective mechanism(s) by which the animal becomes resistant to natural 
infection, for example, following successful vaccination. Although the avail
able immunological tests provide information relative to the exposure of the 
immune system to specific antigen, none is available to indicate the immune 
state of the animal. This can only be done by natural challenge using cattle. 
Although circulating antibodies may contribute to protection, the cell 
mediated immunity (eMI) seems to play the major role in that respect. 

Laboratory aids to diagnosis 

1. Dark-field Microscopy 

After some experience with dark-field microscopy, it is possible to distinguish 
mycoplasms in the pleural lymph of positive cases but it is always desirable to 
carry out additional confirmatory tests. 
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2. Isolation 

The isolation and characterization of the etiological agent can be done on 
selective enriched serum media and in both liquid and on solid media. The 
organism can be easier manipulated than many other mycoplasms, conse~ 
quently the isolation can be done in a small laboratory and the organism later 
dispatched to a reference laboratory (Tully, 1974). 

3. Precipitin Test 

The agar gel double-diffusion method is suitable for a small diagnostic labo
ratory. It consists of cutting small wells in agar gel on a petri dish and placing 
the reactants, in this case, hyperimmune antigalactan serum, in a central well 
and lung fluid or pieces of macerated lung lesion from the diseased animal in 
the surrounding wells. After 24 to 72 h, lines of precipitation form if the 
specific galactan is present. Negative results should be treated with caution 
and the test must be properly controlled with known negative and positive 
material. 

4. Agglutination Test 

A field modification of this test in which a drop of stained antigen and a drop 
of fresh blood from the ear vein of the suspected animal are mixed on a slide 
has been adopted as a preliminary field test of suspected herds. Some expe
rience is needed in interpretation of the test as the results on a single animal 
can be anomalous. The test, however, gives immediate results and it is 
therefore of practical value in the field. A more refined technique using 
serum instead of blood can be applied in the laboratory. This is also a useful 
test for assessing the results of vaccination. 

5. Complement-Fixation Test (CFT) 

This is the most reliable and widely used serological test for CBPP. It is 
especially valuable for detecting early cases and the chronic carriers. There are 
several methods of this test, including a field modification test (Hudson, 
1971). Animals positive to this test are either naturally infected or have been 
vaccinated. Some chronic cases and very early infections may fail to react, 
thus a repeat performance of the test in one-month intervals is indicated. 

Several other serological techniques such as the indirect hemagglutination, 
the conglutinin test, the intradermal allergic test, and the indirect fluorescent 
antibody test have been used in the study of CBPP. Growth-inhibition and 
metabolic-inhibition tests are used, particularly in mycoplasm classification. 

265 



Mice and rabbits have frequently been used in studies of certain aspects of 
CBPP but the lesions in these animals are different from those seen in cattle 
and correlation presents problems. 

Prevention and control 

Several factors concerning CBPP need mentioning in order to understand the 
control measures required. The disease, for all practical purposes, is restricted 
to the bovine species; the etiological agent is spread to susceptible cattle in 
the expired breath of an infected animal, i.e., spread of infection depends 
upon the living animal; the majority of infected animals (at anyone time) do 
not present clinical signs, and a proportion of infected animals become chroni
cally infected and may serve as a source of infection for several months. 

Under the circumstances, it is obvious that the spread of the disease from 
one herd to the next is related to the movement of cattle. If the movement of 
live infected cattle could be stopped, the disease would die out, hence the first 
control measure to be applied in the case of an outbreak is a restriction on 
cattle movement, imposition of quarantine regulations and closing of cattle 
markets. Since slaughtered animals do not spread infection, the next control 
measure is to slaughter all infected animals. 

Historically, in Europe and America CBPP was eventually eradicated by 
applying the above measures. Since all infected animals could not be accu
rately identified, the whole herd must frequently be slaughtered. In order that 
these drastic measures may be accepted, compensation had to be paid to the 
cattle owner. In some areas of the world such measures were not imple
mented for three reasons: physical resources and veterinary police were not 
sufficient; often the areas involved were vast; compensation, if paid, was not 
adequate, hence, the measures were not socially acceptable. 

Control and eventual eradication of CBPP from the latter regions was 
associated with two technical developments, namely and foremost, efficient 
vaccines and availability of serological tests for identifying infected animals, 
especially the chronic carriers. These tests play an important role in keeping 
countries or portions of countries free from infection. Imported cattle are 
tested using the CFT to ensure they are not harboring the organism. Animals 
are held in quarantine and released only after two negative tests conducted in 
one month intervals. 

The main criteria in deciding which control measures should be used is 
economic. Quarantine and slaughter remain the surest (and cheapest) methods 
to adopt in the case of a CBPP outbreak in a disease-free zone or country. 
There is considerable evidence that the most suitable way to deal with CBPP 
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in many African countries is by properly designed vaccination campaigns. 
These should be continued until the incidence is reduced to a level which 
would permit the creation of disease-free zones and the introduction of other 
methods. Such an approach must be regional in concept because of the 
clandestine movement of animals across the long land frontiers. For detailed 
recommendations on control measures, the reader is referred to the reports of 
the FAO/OIE/OAU expert panel on CBPP (F.A.O., 1967). 

Vaccines 

Original vaccines consisted of using infective pleural' lymph' from a diseased 
animal perhaps modified in some way, e.g., storage for a few days. Such 
mixtures were inoculated subcutaneously and frequently resulted in severe 
post-vaccinal reactions which subsequently had to be treated with a hot iron 
or drained. In the early part of this century pure cultures of M. mycoides 
subsp. mycoides were used instead of natural lymph and this was followed by 
50 years of research effort into producing a stable attenuated strain for 
vaccine production. The difficulty here was that what seemed a suitable strain 
in one area produced lesions in vaccinated animals in other locales. The 
difficulty in interpretation of results was compounded by the fact that in the 
field the broth culture vaccines being used were themselves variable as far as 
viable contents were concerned, i.e., the dose of live organisms being admin-

Fig. 2. Local edematous reaction one month after subcutaneous vaccination at the neck region 
with a culture vaccine. Gravitation of the fluid into dewlap and forelimb is evident (arrow). 
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istered could easily vary by more or less than )0 2 logs. Although every effort 
was made to standardize these vaccines, field conditions mitigated achieve
ment of consistent results. A vaccine prepared from a partially virulent strain 
which can provoke a subcutaneous reaction may also produce lung lesions in 
a small proportion of susceptible vaccinates (Fig. 2). Lung lesions have also 
resulted from the use of avianized vaccines. In spite of occasional accidents, 
culture vaccines provided for many years a most useful control measure 
against CBPP. 

These problems were overcome when it became possible to freeze-dry the 
vaccine. In Africa the most commonly used strain is the T1/44. It is not 
completely attenuated and may provoke a subcutaneous post-vaccinal lesion 
in some animals. In most cases these lesions do not progress and can be 
treated. The lyophilized T1I44 vaccine is stable and efficient giving a useful 
protection of about 18 months. 

Vaccines have also been prepared from a completely attenuated strain 
(KH3J) and also by using a suspension of inactivated mycoplasms with adju
vants. Such products, however, require a much bigger dose of antigenic 
material and are more costly to produce. The inoculation of concentrated 
mycoplasm antigens with adjuvants may induce immediate or delayed allergic 
reactions thus introducing inacceptable complications for use as a vaccine. 

Postscript 

In conclusion, it is reasonable to ask if 'the end of the chapter' is in sight. 
From the early chronicles of Veterinary Services, it is apparent that the 
disease was a great stimulus in their development. Now, given continuation 
of the present trends, contagious bovine pleuropneumonia itself could well 
have passed into history by the end of the century. 
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22. BRUCELLOSIS 

David T. Berman 

Abstract. Brucellosis of cattle and buffaloes, caused by several biotypes of Brucella 
abortus, has a moderate to high prevalence in most countries throughout the tropics. 
Information on prevalence is derived primarily by small sample surveys and subject to 
uncertainty. Abortion more than once in a single cow is unusual and therefore 
presence of the disease in herds may remain unsuspected. Both antibody, and cell 
mediated immune responses occur, with diagnosis being based on demonstration of 
specific antibody. Recent information emphasizes the role of cellular immunity in 
protection. Vaccinal immunity is engendered by use of attenuated living strain 19 or 
by the rough killed strain 45120. For the tropics, control to reduce prevalence by large 
scale application of whole herd vaccination, with or without serological testing is 
advocated as the most cost effective program. 

Etiology 

Bovine brucellosis (Bang's disease, contagious bovine abortion) is caused by 
organisms of the genus Brucella, and B. abortus is the species involved in the 
disease of cattle, including buffaloes, in most cases throughout the world. 

Brucella organisms are small, non motile, non spore forming rods or cocco
bacilli growing singly, in pairs or small groups. They are aerobic, may need 
added CO2 for growth, grow poorly on simple media, and do not ferment 
carbohydrates on ordinary media. 

The conventional tests for designation of species of Brucella include CO2 

requirement, H2S production, urease activity, inhibition of growth on medium 
containing the aniline dyes thionine and basic fuchsin, agglutination in mon
ospecific abortus or melitensis antiserum, and susceptibility to lysis by the 
reference bacteriophage Tb. Within each species, strains group themselves on 
the basis of variations in response to one or more of these tests. These sub 
groups are termed biotypes, and eight biotypes are recognized in B. abortus. 
Details of methods of isolation and characterization have been presented 
by Alton et al. (1975), and are not considered further. 
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The ability to characterize distinct biotypes of B. abortus is important in 
establishing geographical distribution of infection, in tracing spread among 
herds, and in establishing the involvement of other host species in the 
epidemiology of the disease. Although a relatively limited amount of work 
has been done on isolation and characterization of strains of Brucella in most 
parts of the world, an illustration of the importance of biotyping is the 
description by Polding (1948) of the two types of B. abortus, now recognized 
as biotypes 1 and 3, infecting, respectively, large organized cattle farms and 
village cattle in India. 

B. melitensis infection in cattle has been reported from many countries, but 
this occurs in regions in which B. melitensis infection of sheep or goats is 
enzootic. In these situations, cattle infected with B. melitensis constitute a 
serious public health problem. Organisms originally identified as B. melitensis, 
isolated from cattle in countries in which there is no B. melitensis infection in 
sheep or goats, were subsequently shown to be B. abortus biotypes 5 or 7 
(Meyer and Morgan, 1962). 

B. abortus is communicable from infected cattle to sheep in close contact, 
and the disease is characterized by abortions and by sheep to sheep, or sheep 
to cow transmission (Luchsinger and Anderson, 1979). In developed countries 
this apparently occurs sporadically, but its significance in tropics has not been 
determined. 

Brucella organisms isolated from naturally occurring cases of the disease are 
almost all in the smooth (S) colonial phase, although small numbers of non 
smooth organisms may be seen on primary isolation (Berman et al., 1955). 
The major surface antigen of the S organisms is a lipopolysaccharide (LPS) 
protein complex which carries the A and M antigenic specificities involved in 
serological identification of species and biotypes (Diaz et al., 1968). S-LPS is 
also the antigen detected in the standard serological diagnostic tests (Diaz and 
Levieux, 1972). S-LPS can be extracted from cells by hot phenol-water, and it 
partitions into the phenol phase. It is an endotoxin with many chemical and 
biological characteristics similar to the endotoxins of Enterobacteriaceae but 
also has significant differences (Diaz and Oyeledun, 1977; Moreno et al., 
1979). 

B. abortus and B. melitensis cultures undergo variation during growth in 
culture. Changes in colonial morphology from the smooth to rough and 
mucoid forms are associated with loss of virulence and alterations in antigenic 
specificity. Such dissociation influences typability of cultures and their use in 
production of vaccines or diagnostic antigens (Alton et al., 1975). 
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Distribution 

The distribution of bovine brucellosis is world wide and parallels the distribu
tion of domesticated cattle. Programs of control have been successful in 
reducing the general prevalence substantially in such developed countries 
with large cattle populations as Austria, Australia, Canada, Great Britain, 
Federal Republic of Germany, Netherlands, Poland, Taiwan, New Zealand 
and the U.S.A. Eradication has been accomplished in all of Scandinavia, 
Switzerlcmd, Austria, Czechoslovakia, Romania and Japan. 

In most countries in the tropics, resources for organized animal disease 
control have not been sufficient to extend to brucellosis and information on 
prevalence has been obtained from surveys. Although surveys which are 
adequately planned, properly analyzed and reported can give rather precise 
data, most surveys on brucellosis have not met this ideal. The surveys also 
lag behind, or give inadequate attention to such factors as increased mobility 
of human and livestock populations, and the introduction of intensive hus
bandry methods, often side by side with small dispersed village herds, 
nomadic herds, or wild susceptible herbivores. 

Prevalence, by geographic regions for tropical countries, as reported in the 
Animal Health Yearbook for 1977 is summarized in Table l. Many of these 
officially reported figures are rough estimates, as they may be derived almost 
entirely from data from government or quasi government farms in countries 
where programs do not extend to private, village, or nomadic herds. Surveys 
frequently involve small samples, and the difficulties experienced in obtaining 
samples from small holdings and village or nomadic herds which may have 
high infection rates will bias the findings (Banerjee and Bhatty, 1970). 

It is difficult to extrapolate from officially reported data to the national 
situation, even for countries with well developed veterinary services. For 
example, Venezuela with approximately 8.5 million cattle including 3.6 mil
lion dairy cows, reported 306 862 individual serum samples tested in 1976, 
with approximately 7 % positive or suspicious. For individual districts, these 
combined rates varied from approximately 1.5 % of the samples to as high as 
12.8 %, but there was no breakdown by herds (Ruiz Martinez, 1977). In Table 
1 the incidence is described as "moderate". Colombia, with 22.5 million 
cattle also lists its incidence as "moderate", and it was reported that, "the 
entire country is considered to be infected", but herd or individual reactor 
rates were not reported (Manrique, 1976). Where precise data may be available 
for dairy cattle, there may be little or none for large beef cattle popula
tions. 

This type of "open" literature usually does not contain the information 
necessary to establish prevalence rates. There is also often a body of more 
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definitive data in internal government reports, which, if available can be used 
to make more precise estimates. Such an intensive examination has made it 
possible to increase the Animal Health Yearbook estimates on national pre
valence to include virtually the entire African continent. An incidence deter
mination key was used to make estimates of national and regional incidence 
by herds and individual cattle. This key, which stresses the herd as epizoo
tiological unit, extrapolates from herd and individual animal prevalence sur
vey data to the larger population, and has been used to draw important 
conclusions on the distribution and incidence of bovine brucellosis in Africa 
(Thimm and Wundt, 1976). 

In Africa, the whole South and East as well as Cameroon and Guinea in 
the West, and Morocco in the North, are considered to have a "moderate 
degree of incidence", corresponding to 11 to 20 % of herds. A "very high 
degree of incidence" (above 30 % of herds) is described for a ring of countries 
situated within the wet and dry savanna and tropical rain forest zone of West, 
Central and East Africa. In the high incidence area, 44 to 88 % of the herds 
reacted to the milk ring test (MRT) and 42 to 100% of the villages had 
brucellosis reactors within their herds. 

In both East Africa, with herd prevalence rates of about 15 % and in West 
Africa, with herd prevalence rates close to 30%, individual animal reactor 
rates were in the 10 to 16 % range. 

There is a striking similarity in the factors which influence the incidence of 
bovine brucellosis in India and Africa. Incidence levels tended to be relatively 
high in organized farms, whether these were indigenous cattle or introduced 
breeds. Both in Africa and Indo-Pakistan, B. abortus biotype 1 is most 
frequent in this type of herd. In the organized farms, the disease also presents 
the classical signs of abortion as described in the temperate zones. The 
incidence and severity of the disease within such herds is also apparently 
directly related to the rainfall. 

Under traditional systems of husbandry, both small dispersed herds of 
village cattle, and nomadic or semi nomadic cattle herds, biotype 3 has been 
most frequently isolated (Abdussalam and Fein, 1976). Abortion is relatively 
uncommon, and in Africa, hygromas and abscesses are the major clinical sign 
(Ferney and Chantal, 1976). Within herds, the incidence and the abortion rate 
is apparently more directly related to rainfall than to herd size (Thimm and 
Wundt, 1976). 

The question of the relative susceptibility of imported and indigenous cattle 
and buffaloes often arises, both as a result of survey data which may show 
different within herd infection rates among breeds, as well as apparent differ
ence in clinical manifestations. Such survey data suffer from the deficiency 
that indigenous cattle in traditional husbandry are less likely to be counted if 
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abortion is not apparent. Imported cattle, especially in organized farms, are 
more costly and more likely to be under veterinary supervision. Failure to 
observe abortion may be because of high levels of herd infection occurring 
prior to first pregnancy, and also to the high frequency of abortions caused by 
other agents. It is also possible that apparent breed differences in susceptibil
ity may reflect differences in virulence of the two biotypes of B. abortus 
which infect cattle in Africa and Indo-Pakistan. However, differences in breed 
susceptibility do exist. This is documented in the markedly greater likelihood 
of persistent infection with vaccine strain 19 in animals of the Channel Island 
breeds compared with Holsteins (Jones and Berman, 1976). 

That brucellosis is an "old" disease in Africa, may be deduced from the 
fact that there is serological evidence of the presence of disease reservoirs in 
both domestic and wild ruminants and their predators in some areas before 
the introduction of exotic breeds (Thimm and Wundt, 1976). Serological 
evidence of infection among wild animals has also been found in so called 
"remote areas". Species of herbivores involved include, but are not limited to 
eland, African buffalo, water buffalo, hippopotamus, zebra, wildebeest, 
impala, water buck and bush buck. Both B. abortus biotypes 1 and 3 and B. 
melitensis biotype 1 have been isolated from wild herbivores. The brucellosis 
infection cycle in wild fauna is considered be to self-sustained and forming a 
reservoir for domesticated stock (Thimm and Wundt, 1976). 

Sheep and goats are traditionally herded with cattle by the nomadic and 
seminomadic peoples in various parts of Africa, and in village herds through
out the tropics but data on the distribution of B. abortus and B. melitensis 
infection among the three domesticated species is limited. 

Pathogenesis and Pathology 

Virulent brucellae are highly invasive and initiate infection through mucous 
membranes of the oropharynx and upper respiratory tract, the conjunctiva, 
scarified skin and cervix. The major route in natural infections appears to be 
oropharyngeal. Following localization in the regional lymph nodes, there is a 
bacteremic phase with seeding of organisms within phagocytic cells in lymph 
nodes and spleen. Microscopic granulomas without necrosis are seen. In 
pregnant animals, invasion of the glands and endometrium of the gravid 
uterus is followed by colonization of the placenta. Multiplication of the 
organisms is relatively unchecked and very large populations are generated in 
the placenta, the fetal fluids and the fetal tissues. The placental epithelial cells 
are packed with brucellae and destruction of the villi is common. Abortion 
follows, usually during the last trimester of pregnancy, although the incuba-
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tion period is inversely proportional to the stage of pregnancy at the time of 
exposure. Very large numbers of organisms are shed with the fetal fluids and 
membranes. The numbers shed from the uterus decrease rapidly and usually 
few brucellae are found in the mucus after 4 to 6 weeks. 

Exposure of non pregnant animals results in a similar progression except 
that colonization in the non gravid uterus is rare. When pregnancy occurs in 
such an animal, invasion of the uterus is delayed, the bacterial population is 
smaller and abortion is less likely. 

Non pregnant animals exposed to small numbers of organisms may develop 
self limiting, immunizing infections. This may be responsible for low infec
tion rates in small self contained herds, but this outcome is unpredictable, 
and some animals become carriers. 

Of animals which abort, approximately 80 % do so only once and more 
than two abortions by the same animal is rare. Reinvasion of the uterus 
occurs in subsequent pregnancies but the placental damage is limited and 
bacterial populations are reduced. Full term pregnancies are usual but brucel
lae are shed with the membranes and fluids, serving as a source for further 
spread within or between herds. 

Persistent infection of the mammary glands and supramammary lymph 
nodes is common, with constant or intermittent shedding of organisms in the 
milk in succeeding lactations. The inflammatory changes in the infected 
mammary gland reduce milk production by an estimated 10 percent. 

Sexually immature animals are relatively resistant to persistant infection. 
Most calves borne to infected dams have infection in the lungs and regional 
lymph nodes. Those fed infected milk have infections of the lymph nodes 
draining the gastrointestinal tract, and may shed brucellae in the feces while 
receiving infected milk. Most recover from these infections and are fully 
susceptible when they reach sexual maturity. A small and undetermined 
proportion of calves born to infected dams remain latently infected, with 
clinical signs and serological response becoming apparent only at abortion or 
parturition in their first pregnancy (Plommet, 1977). While this is rare, it has 
important implications for control and eradication schemes. Other sites of 
localization include the carpal and suprascapular bursae where hygromas 
containing large populations of brucellae may be formed. These may be seen 
in work oxen as well as cows. 

In the male, localization in the testis, epididymis and accessory sex organs 
is common, and organisms are shed in semen. This may result in infertility, 
but it is not a major mode of transmission to cows. 
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Immune Response 

Both antibody mediated and cell mediated immune (CMI) responses are seen. 
As the major diagnostic tests for the disease are designed for the detection of 
antibody to the S-LPS complex of the Brucella cell, most of our information 
concerns the antibody mediated reactions. 

After infection with virulent strains or vaccination with attenuated live B. 
abortus strain 19, antibody of the IgM class is the first to be detectable in 
serum, followed by antibody of the IgG class. Both IgG1 and IgG2 subclasses 
are detected. The type of serological test used influences the titer reported, as 
the immunoglobulin classes and subclasses differ in activity depending upon 
physical conditions. IgM antibody is active in agglutination tests at neutral 
pH, but with antigen buffered at pH 3.65 (Card or Rose Bengal Plate test) the 
agglutinating activity is reduced, and sera taken early after infection or vacci
nation may be negative. Treatment of serum with the acridine dye rivanol 
selectively precipitates out more IgM than IgG, and treatment of serum with 
the reducing agent 2 mercaptoethanol dissociates the IgM pentamer. Any of 
these treatments reduces agglutination due to IgM antibody without affecting 
activity by IgG subclasses (Report, 1971). IgM antibody in serum is relatively 
heat labile and its agglutinating and CF activity are reduced by heating serum 
at 56 to 58 DC for 30 to 60 min. 

Agglutination by IgG] is enhanced at pH 3.65, or by use of antigens in 5% 
NaCI. Bovine IgG] is active in the CF test. IgG2 is active in agglutination but 
does not fix complement (Diaz and Levieux, 1972; Alton, 1977). 

The first appearance of antibody is related to the size and virulence of the 
inoculum and to the stage of pregnancy of the animal. On the average, 
antibody reaches diagnostic titers by 4 weeks after exposure during the fourth 
to sixth month of gestation, and at about 10 weeks after exposure in non 
pregnant animals or animals in the first trimester of gestation. However, 
significant numbers of newly infected animals will not have circulating anti
body until 1 to 3 weeks after abortion or full term infected parturition 
(Plommet, 1977). 

Infected cows secrete antibody in their milk, and there is a direct relation
ship between titer in the secretions from a quarter and presence or absence of 
infection in that quarter. Antibody can be titrated by agglutination tests using 
whey, or the milk ring test (MRT) using pooled negative milk as diluent. 
Preparturient animals concentrate serum immunoglobulin, especially IgG] , in 
colostrum, and previously vaccinated cattle with low serum antibody titers 
have high colostral and early postparturient milk antibody titers. 

Infected cattle produce antibody to protein antigens distinct from the S-LPS 
complex (Schurig et al., 1978), and also produce antibody, predominantly 
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IgG1 , which is specific for a polysaccharide called poly B, extracted from a 
rough strain of B. melitensis (Diaz et al., 1979). 

The magnitude and duration of antibody response following vaccination 
with strain 19, is directly related to the age at vaccination and the number of 
organisms administered. In animals vaccinated at 3 to 8 months of age with 
ca. 5 xl 0 10 viable organisms, antibody is usually detectable within 2 weeks, 
and usually drops to very low levels 4 to 6 months later. Residual antibody is 
predominantly of the IgM class, and diagnostic tests which minimize its 
activity, such as the CF and rivanol tests, partially discriminate between 
infected and vaccinated non infected animals (Alton, 1977). Vaccinated non 
infected .animals with antibody to the LPS complex are unlikely to have 
detectable antibody to protein antigens or to poly B (Schurig et at., 1978; Diaz 
et al., 1979). In infected environments, vaccinated an](;1als will often develop 
transient increases in antibody titer. This is a reflection of antigenic stimula
tion in primed animals and its transient nature is a good indication that the animal 
has resisted the exposure. 

Brucellosis is one of the bacterial infections in which effective antibacterial 
defense is considered to require participation of cell-mediated immune (CM!) 
reactions, which are presumed to operate through activation of tissue macro
phages after recognition of specific antigens (McCullough, 1970). 

Evidence for this concept is actually limited to the demonstration of intra
cellular killing of Brucella in vitro, and to the temporal relationship between 
correlates of CMI and infection, or of effective vaccinal protection in labora
tory animals and cattle. These correlates include delayed type hypersentivity 
to brucella antigens in vivo (Jones and Berman, 1971 ; Fensterbank, 1977), and 
mitogenic responses of peripheral blood leukocytes (PBL) to Brucella antigens 
in vitro (Kaneene et al., 1979). 

The types of soluble Brucella antigens used to measure CMI reactions 
significantly affect the outcome of the tests. The most commonly used pre
parations are all complex mixtures of antigens extracted from Brucella cells in 
various ways. All contain a large number of different proteins, and either 
contain LPS or do not. The presence of LPS complicates the interpretation of 
delayed type hypersensitivity reactions both because of its toxicity and its 
participation in antibody-mediated cutaneous hypersensitivity (Jones and Ber
man, 1975). PBL from infected cattle have greater mitogenic responses to 
antigen mixtures containing Brucella LPS than to preparations which do not 
contain it, but the nature of this difference has not been adequately explored 
(Kaneene et al., 1978). 

Recently, some of the temporal relationships in the CMI response of cattle to 
infection with Brucella have been described. Relatively small numbers of 
animals have been investigated, so the following generalizations are incom-
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plete, and individual variations are not considered, despite their importance in 
epidemiology. 

Mitogenic responses of PBL stimulated in culture by antigen preparations 
containing LPS have been demonstrated as early as two weeks after infection 
with virulent brucellae, and the response was evident with some animals 
before antibody could be detected in their serum (Kaneene et at., 19-79). PBL 
from infected animals responded either weakly, or were unresponsive to 
LPS-free antigen preparations (Kaneene et at., 1978). Cells from animals 
vaccinated 3 or more months previously with strain 19 were not stimulated in 
culture by either type of antigen preparation, even if they had residual 
antibody. 

In skin tests for delayed hypersensitivity in infected cattle, LPS-free antig
en, injected intradermally into the eyelid or caudal fold, produced induration, 
which reached maximum intensity at 72 hours. In one investigation in 27 
infected herds (Fensterbank, 1977), approximately 55% of the animals were 
serologically positive, reacted to the skin test, or both. Of this group, approx
imately half gave positive reactions to both serological tests and skin test, 
22% were positive by serology but were negative on skin test, and 27% were 
positive on skin test but negative by serology. Animals which had been 
vaccinated with strain 19 as calves were negative when skin tested at 20 or 
more months of age. In general, the skin test for delayed hypersensitivity 
detected infection on a herd basis, and in recently infected herds it detected 
more infected individuals than serological tests alone and detected some 
newly infected animals before the serological tests did. 

Anti-infective Immunity 

Effective protection against challenge by virulent brucellae is engendered 
either by self-limiting infection as is provided by attenuated strains, such as 
B. abortus strain 19, or by the use of killed organisms incorporated in water in 
oil adjuvants, such as B. abortus strain 45/20 vaccine. 

The attenuation of virulence of strain 19 is stable, and although it can 
produce abortions when injected in lat:?e doses into pregnant heifers, there is 
no evidence of further spread. The protection induced is relative and not 
absolute. The factors which modify the extent of vaccinal resistance include 
degree of exposure, virulence of the infecting strain and stage of pregnancy of 
the individual animals at the time of exposure. In herds and areas, degree of 
exposure will be influenced by the proportions of vaccinated and unvacci
nated animals at risk. 

The standard recommended vaccination procedure is administration of not 
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less than 5 x 10 10 viable organisms subcutaneously to female calves 4 to 8 
months old. Males should not be vaccinated. In the absence of, or at low 
levels of exposure to virulent organisms, most such vaccinated animals lose 
their agglutinins and CF antibody 16 to 18 months later. Persistence of 
antibody increases directly with age at vaccination with the standard dose of 
vaccine, and in mature animals is usually permanent. Persistence of antibody 
in mature cattle vaccinated with reduced dosage by the subcutaneous route 
decreases with the dosage. Doses of approximately 10 9 cells are protective, at 
least during the next year, and antibody as detected by the CF or rivanol 
tests, generally drops below diagnostic levels after 6 to 8 months (Nicoletti et 
al., 1978a). 

Doses of approximately 5 X 10 9 organisms administered twice at 4 to 8 
month intervals by the conjunctival route were protective both in controlled 
and field exposure trials. This route of administration had the advantage of 
not producing serologic reactions which interfered with diagnosis, even when 
used in adult cattle (Plommet and Fensterbank, 1976; Nicoletti et al., 
1978b). 

To overcome the problems of persistent post vaccinal agglutinin reactions, a 
killed vaccine of the rough strain B. abortus 45/20 in adjuvant has been 
developed and has wide use in many countries. It can be administered to 
mature cattle. Two initial doses of the vaccine are required and booster 
injections every 12 to 18 months are advocated in high prevalence areas. 
Protection engendered is generally equivalent to that produced by strain 19. 
The vaccine is not entirely non agglutinogenic, with low titers of antibody, 
including transient rises on CF tests, being seen after the second and booster 
injections. Antibody is detected with the antibovine globulin agglutination 
test (Coombs test) at high titers and this persists indefinitely after the second 
injection (Cunningham, 1977). Persistent delayed type hypersensitivity to 
LPS-free skin test antigen is seen even in the absence of exposure to virulent 
strains (Fensterbank and Pardon, 1977). Localized granulomas are produced at 
the site of the second and subsequent vaccinations. 

In animals sensitized by strain 19 vaccination or by latent infection with a 
virulent strain, a single injection of 45120 vaccine produces persistent high 
Coombs test titers and variable CF test titers. This so called anamnestic test 
is used as a diagnostic procedure for identification of latent carriers (Cun
ningham, 1977a). The quality of the adjuvant and dissociation of the strain 
influence the ability of a batch of vaccine to immunize effectively. For these 
reasons, potency testing of each batch in animals is essential (Cunningham, 
1977b). 

Under experimental conditions with both vaccines, when vaccinated ani
mals were challenged in mid-pregnancy about 25 to 30% of nonvaccinated 
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animals were resistant to challenge with a dose of virulent B. abortus which 
infected about 25 to 35 % of vaccinated heifers or cows. With higher infective 
doses, up to 100 % of non vaccinated and as few as 50 % of vaccinated 
animals became infected. With exposure under field conditions, because the 
age of the animals, their stage of pregnancy, and dose of virulent B. abortus 
are all highly variable, vaccination with strain 19 and probably with 45120 
may provide as much as 90 to 95 % protection for vaccinated animals. This 
would be true particularly if all animals in the herd or area were vacci
nated. 

Because vaccinal protection from infection is not absolute, it is important to 
achieve high levels of vaccination of individual animals within herds and of 
the total population of herds for optimal results. However, there is also a 
lower limit to the prevalence which will be achieved by a control program 
which depends upon vaccination alone, even when universal vaccination is 
practiced. Experience in the USA suggests that under such conditions, with 
no removal of animals except for normal culling, the prevalence of infection 
stabilizes at about 2 % of cows. Conversely, while vaccination of less than 
70 % of cows within herds and less than 70 % of herds will reduce individual 
animal infection rates and abortion rates within the vaccinated herds, it will 
reduce the overall animal infection rate within the total population only 
slightly. 

Diagnostic Methods 

Unequivocal diagnoses of brucellosis can be made by isolation and identifica
tion of the organisms by culture or guinea pig inoculation of materials from 
aborted fetuses, placenta, uterine exudate, milk or lymph nodes from the 
affected cow. Methods have been published (Alton et al., 1975) and will not 
be detailed here. 

The serological tests based on detection of antibody in serum and milk 
have been reviewed by Alton et al. (1975), and more recent information has 
been discussed above. The use of an International Standard Anti-Brucella 
abortus Serum (ISAbS) is well established for standardizing antigens for the 
serum agglutination tests and a unitage system is widely used for expressing 
the antibody levels of sera (Report, 1970). Antigens used in other tests, such 
as the MRT, buffered antigen rapid plate tests (card or Rose Bengal antigen 
tests) and CF tests are all derived from the standardized agglutination test 
antigen. 

The MRT is the most practical and economical method for locating infected 
dairy herds and for surveillance of brucellosis-free herds. If performed on 
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pooled herd milk in cans or bulk 3 to 4 times a year on each herd, it will 
detect the majority of infected herds. It can also be used to survey for herd 
infection in nomadic or semi-nomadic herds. Herds with a positive MRT can 
then be examined by serological tests or individual animal milk agglutination 
tests, to identify the infected individuals. 

Surveys can be made on serum samples taken from animals at slaughter, 
when assembled at markets, or for periodic veterinary attention such as 
dipping or vaccination programs. If individual animals are identified so that 
they can be traced to area or herd of origin, this type of surveillance can be 
used in identifying foci of infection. The epidemiological fact to be stressed is 
that brucellosis is a highly contagious disease. Diagnosis of infection in 
individual animals in a herd means that the entire herd should be considered 
as an infected unit. Animals with direct or indirect contact with known 
infected herds are also at high risk of exposure. This can occur on common or 
adjacent grazing, communal watering facilities, in markets, or on migration 
routes. 

Prevention and Control 

It is not possible to layout precise recommendations for prevention and 
control of bovine brucellosis which would be appropriate for all conditions 
found in the tropics. The variety of systems of husbandry, range of climatic 
conditions and variability in prevalence of infection, as well as in the availa
bility of financial resources all influence what can be expected in control 
efforts. 

The principles which govern control in infected herds and areas are based 
upon minimizing transmission. Hygienic procedures such as segregation of 
preparturient animals and keeping them separate for a week or more after 
parturition, prompt disposal of aborted fetuses and placentas are important 
whether in intensive husbandry or with traditional systems. Identification and 
slaughter or segregation of carriers removes them as a source of infection and 
vaccination both protects the susceptibles and reduces spread by lowering the 
abortion rate. 

It is possible for individual herds and groups of herds to bring the disease 
under control, and even to eliminate it by these methods, but such brucello
sis- free herds in high or moderate prevalence areas are at great risk of 
reinfection from neighboring herds. Continued vaccination, attention to 
hygiene, and acquisition of replacement animals from brucellosis-free herds or 
areas are all essential to maintenance of brucellosis-free status. 

The Joint F AO/WHO Expert Committee on brucellosis in its fifth report 
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recommended programs for control and eradication of brucellosis. While the 
principles and procedures in those recommendations are still valid, they 
placed greatest emphasis on the eradication and control plans which require 
high costs on short term intensive activity. Thus, they are most appropriate 
for application in developed countries with highly organized veterinary ser
vices and adequate financial resources. 

For most of the cattle populations in the tropics, particularly under tradi
tional systems of husbandry, vaccination, with or without serological surveys 
to furnish current information on prevalence, will be the control method of 
choice for the foreseeable future. Recent information on the responses of 
adult cattle to reduced doses of strain 19 vaccine, makes it possible to give 
greater emphasis to whole herd vaccination in order to produce the maximum 
increase in herd immunity in the shortest time. Vaccination of more than 
70% of the animal population must be continued as long as prevalence has 
not been brought to very low levels. 

Killed 45/20 vaccine can have a useful place in control in the tropics. A 
description of its use in a well designed scheme to eradicate brucellosis in 
beef cattle in a large range enterprise in northern Australia has been published 
recently (Slatter, 1977). 

The greatest cost effectiveness for scarce economic resources in moderate to 
high prevalence areas will be obtained by maximum coverage with an effec
tive vaccine until prevalence is reduced to the point where it becomes eco
nomically feasible to take steps towards eradication. During that time, infor
mation programs must receive substantial emphasis. The support of livestock 
owners can be assured only when they can see the benefits to be derived. It is 
obvious what the decision will be on allocation of funds between vaccination 
to prevent a fatal disease such as anthrax, and vaccination against brucellosis, 
which might cause abortions once or twice in the reproductive life of a cow. 
The economic costs exacted by brucellosis increase in relative importance as 
husbandry becomes more intensive, and control of the disease is then likely 
to command a greater share of economic resources. Information on the 
human health hazard can playa decisive role, but probably only in situations 
in which the other major human infectious diseases have been greatly 
reduced in prevalence. 
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23. J 0 H N E 'S DIS E A S E 
(PARA TU BERCULOSIS) 

W. f. M. McIntyre and f. E. Selman 

Abstract. lohne's disease is characterized clinically by progressive weight-loss and 
profuse diarrhea. Established cases always die and the major pathological feature is a 
massively proliferative enteritis. It is caused by the acid-fast organisl11 Mvcobacfcrillll7 
john!!i. Despite the i~lct that lohne's disease is a condition of adult cattle. infection is 
usually acquired during the first few months of life by ingestion or else by intra
uterine infection. The organism localizes in the walloI' the small intestine and in 
l11any cases after a few l110nths a spontaneous recovery takes place. Alternatively. a 
carrier state is established which. in a relatively small proportion of cases eventually 
develops into the clinical disease. Confirl11ation of diagnosis in the living clinical case 
rests upon serological and l11icrobiological investigation and can sometimes prove 
difficult ~ post-mortem diagnosis is based upon the demonstration of typical lesions 
and l11icrobiology. The detection of cattle in the" carrier" state is often i l11possible due 
to the deficiencies of all present testing procedures. Control rests upon hygienic 
procedures and. sometimes, vaccination. There is no known effective treatl11ent. 

Etiolog~ 

Mycobactt'riufll johl7t'i (M. /JCl/'{/tubt'rcu/osis) is a small. rod-shaped organism 
(l.O-2.0x0.5 ~lm). It is strongly acid-fast. In stained fecal smears from clin
ically-affected cattle, it may occur singly or in tight clumps reminiscent 
(presumably only to the Occidental eye) of Chinese writing. Sometimes these 
clumps can be seen occupying discarded epithelial cells. Mycobacterium jullnci 
is aerobic, non-spore-forming and non-motile. It has rather fastidious culture 
requirements and only grows in the presence of egg yolk and a source of 
"growth factor", such as killed M. ph/oei or its extracts or else in highly 
specific synthetic media. Even when grown under optimum conditions, M. 
jollnlC'i grows extremely slowly and successful culture may take several weeks 
or even months. For greater detail regarding the cultural characteristics of this 
organism, the reader is referred to Soltys (! 963). 

Several different strains of M. johnt'i have been described but their relative 
prevalence in cattle and their relationship with those strains which are known 
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to infect sheep and goats, is unknown. At least one strain of the organism 
produces a pigment which stains affected areas of gut bright orange ~ however, 
this strain would seem to be primarily a pathogen of Scottish sheep. 

PatiH)genesis 

Mycobacterium johnei has a very definite predilection for the small intestine 
and even localises there when organisms are administered intravenously ~ 
however, the normal route of infection is by ingestion. 

Following infection, the organism enters the intestinal mucosa and under
goes a phase of multiplication ~ thereafter, the sequence of events largely 
depends on the natural resistance of the host (Gilmour, 1976). In the majority 
of infected animals spontaneous recovery takes place after a few months 
while in the less fortunate minority there is progression to a chronic" carrier" 
state. Some of these latter animals eventually become clinical cases although 
this usually takes a considerable time (see below). The fundamental reasons 
why only some animals develop the clinical disease is not understood but 
several workers have suggested that predisposing factors are important and 
cite as an instance the well-recognized relationship between the onset of 
clinical signs and recent parturition. 

In cattle which are destined to become clinical cases, small lesions in the 
terminal ileum gradually extend, finally to become confluent. This process 
may take several years during which time an affected animal is not obviously 
unwell although a degree of stunting or weight-loss may occur. In dairy 
cattle, it is sometimes possible to confirm from a retrospective examination of 
milk records that the previous lactation was poorer than anticipated for no 
other apparent reason (Gilmour, 1976). Eventually, the animal develops a 
malabsorption syndrome and diarrhea with an accompanying" leak" of plas
ma proteins into the intestinal lumen (i.e. a protein-losing enteropathy), all 
due to the effect of the widespread and massive cellular reaction within the 
wall of the intestine. 

The local (i.e. intestinal wall) changes which arise and which are responsible 
for this series of events are highly reminiscent of those which occur in bovine 
tuberculosis. The portal of entry is the wall of the small intestine and a 
"primary complex" type of lesion is established here and in the associated 
(mesenteric) lymph nodes. Occasionally, similar lesions may be found else
where, for example in the tonsils and retropharyngeal lymph nodes. The 
cellular reaction resembles that seen in a tubercle although intestinal ulcera
tion does not occur and other subsequent changes such as fibrosis, caseation 
and calcification do not take place, at least in cattle. The intestinal cellular 
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reaction involves a massive infiltration of macro phages contall1ll1g acid-f~lst 

organisms, epitheloid cells, multinucleate giant cells, eosinophils, lymphocytes 
and plasma cells; occasional areas of necrosis may also arise. The reaction 
brings about a marked distortion of the normal architecture of the small 
intestine and, while its presence must inevitably give rise to a considerable 
degree of impaired function, the basic mechanism(s) involved in the patho
genesis of diarrhea in Johne's disease is still a matter of some debate. 

"Post primary dissemination" is not a major feature of Johne's disease 
although lesions may arise occasionally in other parts of the body (Jubb and 
Kennedy, 1970). Intra-uterine infections of calves of both clinically-affected 
and "carrier" cows is now considered to be far more important in the 
epidemiology of the disease than was one thought (Kopecky ct al., 1967). 

Distribution 

Johne's disease has been recognized as a fairly common condition in both 
Europe and Ncrth America for many years. Its spread to many other parts of 
the world can very probably be blamed on the introduction of European-type 
(carrier) cattle. While accurate data are lacking, it would seem that, once 
introduced, it is a disease which persists and spreads far more successfully in 
the more humid tropical areas. However, this will also be affected by varying 
local managemental and other factors (see below). 

Epidemiology 

MycobacTerium johnei is an obligatory parasite which is highly resistant and is 
able to survive for at least a year in dung or damp soil. 

Experimental studies using orally and parenterally-administered organisms 
and also natural (contact) exposure to a heavily-contaminated environment 
have emphasized that calves aged less than six months are highly susceptible 
to infection and, once infected, commonly go on to develop the clinical 
disease. In contrast, attempts to infect adult cattle experimentally have fre
quently failed or else only transient infections have been established. On the 
few occasions when such attempts have been successful and clinical disease is 
claimed to have resulted, it has usually been of a mild nature and sponta
neous recovery has often .been the outcome. Under field conditions it is 
usually assumed that moderate to heavy challenge (and the pathogenic dose 
may be as small as 1000 organisms in sheep) a large proportion of calves may 
become infected at an early age. There is also evidence to support the view 
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that infection is much more likely to occur in the offspring of either a 
fecally-excreting (carrier) animal or else a clinical case of lohne's disease. 
Clearly, fecal contamination of calves and teats is a major hazard under such 
circumstances and it is just possible that infection is made even more likely 
by the occasional excretion of M. jO/7IlEi in the milk of infected cattle (Blood 
er al., 1979). However, when the subject of early infection is discussed it 
must always be remembered that infections may arise in lItero and, as yet, the 
relative importance of the two methods of infection have not been defined. 

Although infection is most probably almost always acquired early in life, 
the insidious nature of lohne's disease is such that it is unusual to encounter 
clinical cases in cattle aged less than three years. Usually the peak age 
incidence is five or six years (i.e. in second or third calvers) and the disease is 
uncommon in cattle aged over eight years. On very infrequent occasions, 
lohne's disease may be found in yearling cattle; when such cases occur they 
are usually ranch-type (beef) cattle and it is assumed, rightly or wrongly, that 
either challenge was extremely high during the early neonatal period or else 
intra-uterine infection occurred. 

lohne's disease occurs in bulls and sometimes the course of the disease is 
particularly short in such animals with cases dying within one week of the 
onset of clinical signs. In females, it is common for the disease to become 
clinically apparent shortly after parturition although (as stated above) the 
bodily condition or productivity of these animals may have given cause for 
concern prior to this. 

lohne's disease may be a problem in both beef and dairy cattle although 
managemental factors may playa part in either exaggerating or suppressing 
the clinical aspects of the disorder. In beef cattle, the prolonged and intimate 
contact between dams and offsprings, the use of traditional calving areas, 
reliance upon natural (particularly stagnant) water sources and a reluctance to 
cull sick cows at other than traditional times (i.e. at weaning) all combine to 
make the disease quite often a regular clinical problem. In dairy cattle on the 
other hand, a disappointing early lactation may well result in an animal being 
culled purely on commercial grounds long before clinical signs develop. An 
additional problem, shared by beef and dairy cattle, is a growing reluctance on 
the part of many ranchers and farmers to seek veterinary advice for individual 
animals and also a widespread tendency not to investigate and record the 
reasons for culling in adult cattle. 

The mortality rate fa,. established cases of Johne's disease is 100%; the 
morbidity rate is usually relatively low, at around 1 % per annum. This latter 
figure is presumably related among other things to the survivability of M. 
johnei under local conditions and the level of environmental reinfection. Since 
the organism is known to be highly resistant and also faecal excretion may 
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occur, albeit intermittently at first, during both the pre-clinical and the clinical 
phases of the disease (i.e. for up to several years in some individuals) it is not 
surprising that once permanent pasture is infected it probably remains so 
almost indefinitely. On certain farms and ranches, the morbidity rate may 
approach 10% per annum although the basic reasons for this are not known. 
Some workers have suggested that soil factors may increase the survivability 
of M. johnei (Blood et al., 1979) but it is equally possible that on such farms 
only a slight increase in the morbidity rate in one year may susbstantially 
increase paSlure reinfection rates and hence the challenge that calves are 
subjected to in subsequent years. 

This question of reinfection rates and levels of challenge poses very rele
vant questions vis-a-vis certain modern intensive management systems 
although the answers to these questions are not, as yet, forthcoming. Many 
newer systems bring cattle of all ages into daily contact with liquid manure 
(slurry) often for several months of each year if not continuously; at other 
times of the year cattle graze fields on which vast quantities of slurry have 
been pumped or sprayed or else they are fed cut products from such fields. 
Under these conditions it is just possible that in the future M. johnei infection 
may occur and give rise to much more trouble than it has under more 
traditional systems. Clearly, much more needs to be learned about the survi
val rates of the organism in slurry stored in either tanks or "lagoons" and 
on slurry-dressed pasture. 

Many different species of animal have been shown to be susceptible to M. 
johnei, apart that is from cattle. However, of the domestic species it is 
important to emphasise that infections have been described on several differ
ent occasions in buffaloes, camels, goats and sheep. 

Clinical signs 

The clinical signs of 10hne's disease typically arise in a thin cow which has 
very probably calved its second or third calf within the last few weeks. Given 
sufficient opportunity (or interest) the attendant may have noticed the animal 
passing loose feces on one or two previous occasions. There may also be the 
suggestion that the animal's condition or productivity has been giving cause 
for some concern for several months. 

On examination, the animal will be found to be bright, alert and interested 
in food, despite its poor condition. The only other abnormality which may be 
found in an uncomplicated case is profuse diarrhea. The feces will probably 
contain bubbles (although this is in no way pathognomonic for 10hne's 
disease); dysentery is not a feature of the condition and the dung does not 
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smell unpleasant. In many cases, particularly if the animal has been housed 
on dry feed for a day or two or without adequate provision of water, the feces 
will be relatively normal in amount and consistency and the only sign to 
support the history of previous diarrhea will be fecal staining of the tail and 
hindquarters. Since considerable weight-loss may have occurred over a rela
tively short period, there may be folds of loose skin in the intermandibular 
space and on the dewlap and brisket. This is often mistaken for subcutaneous 
accumulations of edema. Certainly subcutaneous edema may occur but it is a 
rare clinical finding (limited to about 5% of cases) and usually it is only a 
transient feature of early cases, disappearing as the severity of diarrhea 
mcreases. 

In later cases, an affected animal becomes much weaker and is finally 
unable to rise. However, even at this stage it may well be still interested in 
food and water. Eventually, though, its condition worsens to the point when 
its fluid output (in feces) exceeds its fluid intake. At this stage, the animal 
becomes increasingly depressed and anorexic and it usually dies within a few 
days. Terminally, there may be a marked bradycardia (ca. 40/min). 

Pathology 

The most striking feature on first examll1ll1g the body of a cow which has 
died of Johne's disease or else been slaughtered in the terminal stages is the 
extreme degree of emaciation. Further investigation usually reveals a rather 
"wet" or edematous carcase which has not set properly. Varying accumula
tions of a gelatinous edema fluid are to be found in the subcutaneous tissues, 
between muscle bundles and in the mesentery and abomasal folds; there is 
usually a (minor) degree of ascites. 

The small intestine is not usually markedly abnormal and in fact a histo
logical examination has to be carried out in about 20% of severe cases in 
order to confirm the presence of a proliferative enteritis. However, in most 
cases a careful examination of the terminal part of the small intestine will 
reveal a thickened intestinal wall and on section the lining will be seen to be 
thrown up into corrugations. (This change has to be differentiated from the 
"normal" thickening which occurs when small intestine lays on a cold 
necropsy room floor; this can be done by stretching the opened bowel 
between the fingers when, in the latter instance, the corrugations disappear.) 
There is no ulceration of the intestine. Some workers (Blood et al., 1979) 
claim that lesions always exist on the ileo-caecal valve, ranging from a degree 
of reddening to marked swelling and edema; however, this is not universally 
agreed upon. The mesenteric lymph nodes are often swollen and edema
tous. 

292 



Histological examination reveals the changes described in the section on 
pathogenesis, although it should be emphasized that in a relatively high 
proportion of cases, tissue has to be collected for examination from several 
different parts of the small intestine in order that lesions are not missed. 

Immune response 

The fact that adult cattle are much more difficult to infect experimentally 
than are calves suggests that some form of age resistance to M. johnci 
operates although it is by no means clear that this is of an immunological 
nature. Moreover, the insidious character of lohne's disease is such that it is 
always possible that many of the experimental adult cattle which were used 
had undergone exposure to the organism in earlier life and had thereby 
acquired resistance in that way. 

Certainly, M. johnci is capable of stimulating several different immune 
responses in cattle. In the early stages of the disease (i.e. before the onset of 
clinical signs) antibodies are produced which are susceptible to the effects of 
2, mercapto-ethanol (2ME) and which may be detected by the fluorescent 
antibody test (FAT). Later, other antibodies are formed, this time which are 
2ME-resistant; these are detected by the complement fixation test (Yuai, 
1974). It is also known that these latter antibodies may eventually disappear, 
some time during the course of the clinical phase of the illness. Skin sensi
tizing antibodies also arise during the early (i.e., preclinical) stages of infection 
and then often decline as the ani mal becomes cl inically-affected. Finally, 
quite apart from these phenomena, it has to be remembered that the cellular 
events within the intestinal wall indicate that in all probability a cell-mediated 
immune reaction is operating at the site of infection. 

Laboratory aids to diagnosis 

It is convenient to subdivide this section into (i) post-mortem confirmation of 
diagnosis, (ii) confirmation of diagnosis in a clinically-affected animal, and (iii) 
identification of carrier cattle. 

In general terms, the histopathological features of lohne's disease are suf
ficiently characteristic to enable a competent pathologist to make a definite 
diagnosis. If necessary, this may be complemented by an examination of an 
impression smear of the small intestinal mucosa, using the Ziehl-Neelsen 
staining technique for acid-fast micro-organisms. While culture of organisms 
may be carried out, the time taken (i.e., up to 12 weeks) means this is of little 
practical value except under special circumstances. 
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Confirmation of diagnosis in the living animal is sometimes more difficult 
although with local knowledge the disease does not usually present a major 
problem to the clinician. Techniques for confirmation are essentially microbio
logical (on feces) or serological. Again, culture of feces is usually of no 
practical merit but an examination of a fecal smear may yield positive results 
in about 60% of cases provided that proper preparation of the smear is carried 
out (Cunningham and Gilmour, 1959) and the Ziehl-Neelsen staining tech
nique is used. However, it must be emphasized that a "positive" result can 
only be established if clumps of organisms are seen; single acid-fast organisms 
may be other mycobacteria and therefore should be viewed as "doubtful" 
and a retest requested in one week. The only useful serological tests are the 
fluorescent antibody test (FAT) and the complement fixation test (CFT). Both 
tests are of approximately equal merit (Gilmour, 1976) and both suffer the 
disadvantage that clinical cases may become seronegative as the course of the 
disease progresses. In addition, false positives may occur, particularly with 
the CFT. Approximately 90% of cattle with advanced disease are positive to 
the CFT (Gilmour, 1976). Certain veterinarians have also claimed that a 
"pinch biopsy" removed from the rectal mucosa per rectum and then stained 
for acid-fast organisms is also a useful laboratory aid in the living animal. 
This author has no personal experience of this technique but feels that many 
cases would yield repeated negative results since the disease would need to be 
widespread (and terminal) before clumps of acid-fast bacteria could be demon
strated by this technique. It is unlikely that other biopsy techniques (Blood et 
al., 1979) would find practical and/or commercial support under present day 
farming conditions. 

The most difficult problem to be faced in this area is the detection of carrier 
animals since currently there is no single test which enables this to be done 
(Gilmour, 1976). Again, attempts are basically either microbiological or immu
nological. 

Examination of fecal smears is notoriously unreliable in carrier cattle and 
while fecal culture has been advocated under certain circumstances (Gilmour, 
1976) the time taken is again a major practical disadvantage. The CFT is of 
little use because on the one hand it gives rise to false negatives and on the 
other to false positives, due to cross-reaction with antibodies to other bacteria, 
notably COIynebacterium renale (Gilmour, 1976). The F AT is more specific 
but is said to have the disadvantage of detecting antibodies which are pro
duced only sporadically (Gilmour, 1976), hence a single test is of doubtful 
value. Skin testing, using" Johnin" (the M. johnei equivalent of tuberculin) is 
certainly useful in the early stages of the diseases but is subject to false 
positive reactions, largely due to cross-reactivity with M. avium (Blood et al., 
1979). Several other tests have been devised and used under field conditions 
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(Goodswaard et al., 1976) but these have been found to be inferior to the 
CFT and the FAT. 

Prevention and control 

On farms where Johne's disease has been defined as an endemic problem 
worthy of action, attention should be directed towards prevention of environ
mental contamination and the avoidance of known or fancied danger areas. 
This is particularly important in ranch-type cattle since it is about the only 
approach that is practically feasible. All clinical cases and" suspicious-look
ing" cattle should be culled, together with their offsprings. In the absence of 
reliable immunological tests it has been suggested that fecal culture might 
have a role to play although the disadvantages of this have already been 
discussed. Since permanent pastures, once contaminated, can be viewed as 
being likely to be infected almost indefinitely, any known or suspected areas 
should be avoided at least as calving areas and as grazing for young stock. In 
a similar way, any stagnant water sources should be fenced off whenever this 
is at all possible. Ideally, water should be available from head-high troughs so 
that fecal contamination is much reduced or eliminated. 

Vaccination is an approach which may also be used in conjunction with the 
above precautions. The vaccines available are adjuvanted products containing 
either live or dead strains of the causal organism. Unfortunately, there are 
several drawbacks associated with this approach in that (i) while it reduces the 
number of clinical cases, it does not eliminate infection but merely decreases 
the rate of fecal excretion, (ii) it also creates skin sensitivity to avian and 
mammalian tuberculin, thus creating possible problems in the interpretation 
of the tuberculin test, (iii) it has to be administered subcutaneously to calves 
under one month of age and it often induces the formation of unsightly 
fibrous nodules, a possible problem in pedigree herds, and (iv) since its 
successful use demands that calves must be reared away from contact with 
adult cattle, its use under ranch-type conditions is not possible and it is 
precisely this type of animal which in some countries is most affected. 

As yet, there is no effective treatment for Johne's disease. Case manage
ment therefore rests upon early recognition of clinical cases and prompt 
slaughter in order to minimize environmental contamination and also realise 
the greatest salvage value possible. 

The only other aspect worthy of further consideration is the problem of 
import and export certification. Clearly, countries or even farms which con
sider themselves free (or relatively so) of Johne's disease should take the best 
precautions possible to prevent introduction of that condition. However, the 
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fact that no laboratory test is capable of accurately determining whether or 
not an individual animal is a carrier means that strict control is not possible. 
Under these circumstances, perhaps the best precaution that an importing 
country should take is to insist (i) that all cattle should originate only from 
herds where the disease has not been recognized for a specified number of 
years (while at the same time recognizing the limitations of this sort of 
approach) and (ii) that all cattle should be shown to be negative to the 
intra-dermal (Johnin) test; this latter approach will inevitably produce many 
false positives but these are not a major problem to prospective importers 
except insofar as they reduce the number of cattle available for purchase. 
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24. TUBER C ULOSIS 

I. E. Selman 

Abstract. In many countries, tuberculosis is a relatively common disease of cattle; in 
others, its prevalence is naturally lower or it has been rendered thus by various control 
measures. It is almost always due to infection with Mycobacterium bovis although 
occasionally other mycobacteria may be responsible. The organism is usually acquired 
by inhalation of organisms excreted by other affected cattle but other modes of 
infection may sometimes occur, particularly through ingestion. The syndromes which 
arise depend on the nature, extent and site of the lesions. Cattle may show respiratory 
or abdominal signs, lymphadenopathy, mastitis, nervous signs or reproductive tract 
disease; there is usually marked weight and production loss, weakness and eventually 
death. The pathological picture is dominated by a granulomatous inflammatory reac
tion, with fibrosis, necrosis, caseation and calcification. Given adequate resources and 
facilities, it is possible to eradicate bovine tuberculosis from a country or region by the 
use of one or other of the tuberculin tests. Bovine tuberculosis is a very serious and 
often fatal disease hazard for man and the most common route of transmission is via 
contaminated milk. 

Etiology 

In cattle, tuberculosis is almost always caused by Mycobacterium bovis 
although occasionally the disease has arisen from infection with other species, 
notably M. avium and M. tuberculosis of bird and human origin, respective
ly. 

Mycobacterium bovis is a slender, rod-shaped bacterium (3.0 - 5.0 X 0.4 .um) 
which may occur singly or in clumps; in culture, it may exhibit more marked 
pleomorphism. It is aerobic, it does not form spores, and it is only capable of 
multiplication within the animal body. Usual staining techniques, such as the 
Gram method, are not readily applicable to tubercle bacilli, and their most 
characteristic staining property is their acid-fastness by the Ziehl-Neelson 
staining method. Mycobacterium bovis, like all other pathogenic mycobacteria, 
grows very slowly in culture. For a more detailed description of the organism 
and its behavior, the reader is referred to Soltys (1963). 
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Pathogenesis 

It is generally accepted that the most common portal of entry in adult cattle is 
via the lungs following inhalation of the causal organism. A lesion is pro
duced at the point of entry which rapidly assumes the appearance of a typical 
tubercle. The tubercle and the similar lesion in the associated lymph node(s) 
are termed the "primary complex". Such a lesion may also arise following 
infection by other routes although when cattle develop tuberculosis following 
ingestion of tubercle bacilli (e.g., when a young calf drinks contaminated milk) 
the lesion at the point of entry is often absent or overlooked. The most 
common lesions resulting from an oral infection are in the pharyngeal and/or 
mesenteric lymph nodes. This, and the high affinity displayed by M. bovis 
for pulmonary tissue, has prompted certain workers to suggest that inhalation 
infections in cattle are overrated and that infection by ingestion is probably 
more common in all ages of cattle than is generally accepted. 

In many cases, infection eventually spreads within the body, a process 
termed" post-primary dissemination". The nature, extent, and rate of dis
semination varies markedly between individual cattle although the disease is 
generally considered progressive in this species. There is an extension of 
lesions due to local spread, infiltration, and transport of infection across the 
body cavities and along blood and lymphatic vessels. If an animal survives 
long enough, a final stage is reached where rapid extension of the disease 
occurs presumably due to a total collapse of host resistance; this is termed the 
stage of "late generalization". 

The syndrome which arises depends upon the degree of involvement of 
different organs and tissues with associated weight-loss, decreased productiv
ity and weakness, leading finally to recumbency and death. The reasons for 
these profound systemic effects, however, are difficult to explain since tuber
cle bacilli are not toxin-producing in the accepted sense. The organisms are 
capable of provoking host resistance and a state of hypersensitivity. Far from 
being advantageous to the host, these factors are largely responsible for the 
major features of the disease, i.e., a highly prolific cellular and fibrous reac
tion on the one hand and tissue necrosis with" caseation" on the other. It has 
been suggested that the different pathogenicity of the various mycobacteria 
might be a function of varying abilities by the host to provoke these reac
tions. It has further been suggested that the lipid fraction of the organism is 
responsible for inducing the cellular reactions while the tuberculo-proteins 
induce hypersensitivity. 
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Distribution 

Bovine tuberculosis is a worldwide problem although its veterinary and public 
health significance varies markedly between countries (Myers and Steele, 
1969). It has been estimated that only one-third of the world's one billion 
cattle live in areas where the disease is under control; elsewhere the disease is 
either widespread but of undefined prevalence, or else common. In general, 
bovine tuberculosis exerts its greatest effects in underdeveloped and develop
ing countries (Myers and Steele. 1969). 

Epidemiology 

Knowledge regarding the epidemiology of bovine tuberculosis has grown over 
many years as the result of clinical observations, pathological and microbio
logical examinations of sick cattle, microbiological examinations and routine 
monitoring of milk and other dairy products, abattoir surveys, experimental 
studies on artifically-infected animals, and the results of widespread tubercu
lin testing. The subject is reviewed in great detail by Myers and Steele 
(1969). 

Cattle with tuberculosis commonly excrete organisms, but the route varies 
according to the form of the disease and the site of the lesions. Tubercle 
bacilli may be passed out in exhaled air, sputum, feces, urine, vaginal dis
charges, semen, lymph node, wound discharges or milk. The organism does 
not form spores but is capable of surviving for extended periods, particularly 
in damp, dark conditions. Feces may remain infective in fields for up to 6-8 
weeks and may survive in slurry for up to five months. The major hazard for 
susceptible cattle is a nearby infected animal, usually bovine, which is excret
ing organisms. Infection may be acquired, however, from contaminated 
instruments and even semen. 

Most authorities agree that in the majority of cases, cattle become infected 
following inhalation of the causal organism in airborne droplets. This view is 
supported by clinical and pathological findings. A few decades ago in Britain, 
for example, the disease spread far more rapidly in dairy cattle in the winter 
when they were housed (and usually neck-tied) than in the summer when 
they were in pasture and hence presumably having occasional access to 
herbage contaminated by infected feces. In general, the disease is more 
common in dairy cattle than in ranched beef cattle, probably for the same 
reasons. Similarly, the claim that Zebu-type cattle (Bas indicus) are relatively 
resistant to bovine tuberculosis may merely reflect the fact that Zebu cattle 
are commonly managed under extensive conditions and not under feedlot 
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conditions. Zero-grazing may also be associated with a high prevalence of 
bovine tuberculosis. 

The most common situation involving infection by ingestion of mycobac
teria is when young calves drink milk produced by cows with tuberculosis 
mastitis. In the same way, infected cow's milk may also give rise to tubercu
losis (bovine strain) in other species including cats, pigs and humans (see 
below). Calves may develop tuberculosis congenitally when their dams have a 
tuberculous metritis, although it is generally considered to be a relatively rare 
event. Infection may also result when infected feces contaminate foodstuffs, 
pasture or drinking water. Tuberculosis may become a major problem on 
ranches when contamination of stagnant water sources occurs; running water 
sources pose far less of a problem. 

The biggest hazard for susceptible cattle are infected cattle in the herd 
actively excreting mycobacteria. Nevertheless, the problems posed by other 
species must not be overlooked. Under farm conditions, cattle appear to be 
quite susceptible to infection with M. avium either from domestic poultry or 
wild birds. This is usually a self-limiting event for the cattle infected with the 
avian strain but it does not create difficulties in interpreting the tuberculin 
test (see below). Severe disease occasionally occurs which is clinically and 
pathologically indistinguishable from M. bovis infection, however. Cattle may 
develop tuberculosis, of either the bovine or another strain, as the result of 
infections derived from wildlife. This may occur occasionally under unusual 
conditions when, for example, cattle are kept in or near zoological gardens 
and are exposed to various forms of tuberculosis commonly found in captive 
animals. Alternatively, cattle may acquire infection when grazing a pasture 
which has been infected by tuberculous wild animals. Recently in certain 
localized areas of Britain, cattle acquired M. bovis, presumably via the oral 
route, from wild, clinically-affected badgers, M eles meles meles. It seems 
likely that this and similar situations may occur elsewhere in the world and 
create difficulties in eradicating tuberculosis from the cattle population. 

Clinical signs 

Bovine tuberculosis is usually a progressive disease accompanied by marked 
weight-loss, decreased milk production and weakness, finally leading to 
recumbency and death. The duration of the clinical course of the disease is 
usually measured in weeks or months although in certain cases, for example 
when acute miliary tuberculosis supervenes, deterioration occurs much more 
rapidly. 

The syndrome which arises depends on the location and extent of the 
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lesions. The most common form is pulmonary tuberculosis in which signs are 
referable to a chronic progressive bronchopneumonia with or without pleurisy. 
In the early stages, respiratory signs are minimal or unnoticeable at rest 
although exercise may provoke an occasional soft cough and slight tachypnea. 
Later, the clinical picture worsens and the animal shows marked respiratory 
signs (i.e., tachypnea, hyperpnea or even dyspnea) at rest and more frequent 
coughing although this is rarely loud or paroxysmal. At this stage there may 
be an intermittent nasal discharge. There is little reliable published evidence 
regarding the findings on auscultation and percussion in tuberculous cattle 
and there is some doubt whether pleurisy gives rise to thoracic pain. Henning 
(1956), however, suggests that extension to the pericardium may result in 
signs of congestive cardiac failure. 

Alimentary tract infections may sometimes produce ulceration but this is 
often not associated with diarrhea (Blood et al., 1979). Such a lesion might 
extend through the wall of the intestine and result in dysentery or perhaps 
perforation and septic peritonitis, but detailed information on this point is 
lacking. Palpation of the right paralumbar fossa may occasionally reveal 
hepatomegaly. Extension of the lesions into the peritoneal cavity may pro
duce mUltiple nodules and widespread lymphadenopathy which may be 
detected with rectal examination (Henning, 1956). A variable degree of ascites 
may be found in some cases. Other intra-abdominal lesions such as those 
affecting the female genitalia may also be palpated per rectum. 

Lymphadenopathy is often marked and may occur with or without the 
above signs. Fistula formation and the development of discharging tracts is an 
inconsistent finding. When the palpable, subcutaneous lymph nodes are 
involved, enlargement is often unilateral or unequally bilateral. Retropharyn
geal node enlargement results in loud snoring on both inspiration and expira
tion because the enlarged nodes bulge into the pharynx. Bronchial node 
enlargement may exert pressure on a major airway in the thorax, giving rise 
to loud wheezing which is mostly audible only on auscultation. Enlargement 
of the mediastinal lymph nodes exerts a downward pressure on the esophagus 
and interferes with eructation, gradually bringing about a stage of chronic 
ruminal tympany. 

Other forms of bovine tuberculosis may occasionally arise (e.g., generalized 
tuberculosis and tuberculous meningitis) usually in very young calves and a 
whole variety of disorders of the male and female reproductive tract (Hen
ning, 1956; Blood et al., 1979). 

Finally, but of enormous epidemiological significance for both cattle and 
other species (including man), there is tuberculous mastitis, a condition which 
mayor may not be accompanied by signs referable to tuberculosis elsewhere 
in the body. On clinical examination, a typical case will show marked indu-
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ration and enlargement of the affected quarter(s). Classically the disease 
predominantly involves the posterior glands and starts dorsally but spreads 
rapidly to involve the whole gland. It is painless and, in most cases, palpation 
will reveal marked unilateral or bilateral enlargement of the supramammary 
lymph nodes. On macroscopical examination, milk from even severely 
affected quarters may appear to be normal until the later stages of the disease 
(Soltys, 1963). 

Pathology 

The portal of entry within the bovine lung may be anywhere; however, it 
usually arises in a subpleural part of the dorso-caudal diaphragmatic lobe. The 
initial lesions, which may be single or multiple, start as a terminal bronchiol
itis and later extend into the alveoli; consequently, lesions are lobular or 
multilobular. Extension of the original tubercle(s) may occur with the forma
tion of satellite lesions. A similar process occurs in the associated lymph 
node(s), and together the lesions make up the "primary complex". The 
histopathological appearance of the lesions at this stage is a central zone of 
macrophages containing tubercle bacilli with epithelioid and multinucleate 
giant cells, surrounded by a zone of undifferentiated monocytes and lympho
cytes. Later a fibrous capsule is formed, central necrosis occurs, followed by 
caseation and, later still, liquefaction or calcification. A variable degree of 
exudation also occurs. 

Occasionally the disease may proceed no further than this and sometimes 
healing may occur. Bovine tuberculosis, however, is usually a progressive 
disorder and local extension of lesions and dissemination of infection is 
facilitated by the formation of small cavities within the affected tissue. Cavi
tation rarely becomes a major feature of tuberculosis in cattle. Eventually, 
large, single or multiple, bronchopneumonic foci are formed with marked 
fibrous capsule formation, caseation and calcification. Lymph node lesions 
may extend along lymphatics to other nodes; erosion of either small or major 
blood vessels may result in local and generalized spread. The main form of 
spread in lung tissue is via the bronchi, either by direct extension or by 
aspiration of infected material into other parts of the lung. Tuberculous ulcers 
may arise in the larger bronchi, the trachea or the larynx due to infected 
sputum coughed up and implanted in these areas. Occasionally, similar 
lesions may arise in the nares (Henning, 1956). Spread to the pleura is 
common, leading to a proliferative or caseous pleurisy with or without a 
pleural effusion, and a similar process may involve the pericardial sac. Finally, 
the disease may become widespread due to either" post-primary dissemination" 
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or " late generalization" and lesions may arise in almost all major organs, the 
peritoneal cavity, the meninges and the skeleton. 

Infection following ingestion of M. bovis classically arises in the calf fed on 
tuberculous milk. A lesion at the portal of entry is only occasionally obvious 
at post-mortem examination but there is a marked tuberculous reaction often 
with gross enlargement in the pharyngeal, anterior cervical and/or mesenteric 
lymph nodes. Sometimes lesions may also be found in the tonsils and the 
lymphatic tissue in the posterior ileum. Post-primary dissemination in these 
cases uS'Ually gives rise to hepatic lesions. 

According to Soltys (1963), tuberculous mastitis has been classified into 
four major types depending on the pathological changes involved. In all these 
forms, the detailed changes in the udder tissue are similar to those described 
in the pulmonary form of bovine tuberculosis. Three forms of tuberculous 
mastitis are the result of hematogenous spread but in one type (type 4), the 
lesions are restricted to the duct system and it is postulated that the condition 
arose as the result of infection via the teat duct. It should be emphasized, 
however, that the teat ducts are involved in all four types of the disease and 
it is likely each type results in the production of contaminated milk. Milk 
from affected quarters commonly appears to be normal on macroscopic exam
ination until the later stages of the disease. 

Immune response 

In the natural course of tuberculosis, it has been shown that the host animal 
quickly develops both a resistance to tubercle bacilli and a hypersensitivity to 
tuberculoproteins. Unfortunately, at least in cattle, the resistance is not 
usually capable of totally overcoming the infection; at best, it may only 
temporarily halt the progress of the disease by stimulating the formation of a 
fibrous capsule around the tubercles. In certain species (e.g., man), this 
situation may give rise to prolonged protection from the infective contents 
although the capsule may break down with increasing age or as a result of 
intercurrent disease. The situation in cattle, however, appears to be different 
due to the nature of the lesions and, in particular, to the presence of small 
cavities. Thus the fibrous capsule in cattle is rarely a completely efficient 
shield against extension of the infection. The hypersensitivity reaction as a 
component of cellular immunity is also of doubtful protective value, however, 
the hypersensitivity reaction is the basis for diagnostic tests for detecting early 
(i.e., usually pre-clinical) infections. 

Reasons for the variable rate of bovine tuberculosis progression are not 
properly defined. While it is possible that this is due to variations in the 
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immune. response, it seems more likely that in many cases the rate of 
progress is determined more by other factors such as social and managemen
tal conditions and nutritional status. Similarly, the reason for" late generali
zation" may be specifically immunological but it is likely to be more complex 
than this and possibly related to a total breakdown in the host defense 
mechanisms. 

Laboratory aids to diagnosis 

The frequent gross appearance and distribution of lesions makes bovine 
tuberculosis a striking and distinctive disease. This, coupled with the charac
teristic histological appearance, means that a fairly sound diagnosis can 
usually be made on pathological findings alone. Confirmation of diagnosis 
rests upon the demonstration of typical acid-fast organisms either on smears 
or in histological sections, using the Ziehl-Neelsen technique. Biological 
examinations, while necessary under some circumstances, have the disadvan
tage of taking several months to complete. 

In comparison with the relative ease of establishing a diagnosis in dead 
cattle, the confirmation of a suspected case in a live animal sometimes 
presents problems. In excreting cases, an examination for acid-fast organisms 
can be made of sputum, feces, urine, discharges from nostrils, the reproduc
tive tract, wounds and lymph nodes. Similarly, it is a relatively simple matter 
to carry out a biopsy of a suspicious lesion (e.g., an enlarged superficial lymph 
node) and to carry out histological and bacteriological. examinations on the 
specimen obtained. The major problem lies in attempting to confirm diagnosis 
in the live animal which is excreting only small numbers of organisms or 
none at all. There is as yet no reliable (pre-mortem) skin or blood test for use 
in the clinical stages of the disease. It should be emphasized that while the 
results of a tuberculin test may be useful to define the tuberculosis status of 
the animal's herd of origin, the test is of no real value as a diagnostic test and 
in the later stages of the test may well yield negative results. In such cases, 
the best diagnostic procedure is prompt slaughter followed by a careful patho
logical examination. If this is impossible, the animal should be isolated and 
sampled twice weekly. 

Prevention and control 

This subject is dealt with in great detail by Myers and Steele (1969). In 
addition, the advantages and disadvantages of the tuberculin testing tech-
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niques are discussed by Blood et al. (1979). 
The first important point regarding the eradication of bovine tuberculosis is 

that, despite all of the obvious difficulties involved, several countries (e.g., 
Britain, Canada, Japan, the Netherlands, Scandinavia, Switzerland and the 
United States) have reduced the disease to almost negligible proportions. 
These successful countries have good communication systems and excellent 
medical and veterinary services; they also have well-developed organizations 
for the monitoring of milk and meat production and the distribution of these 
commodities and their by-products. Another distinct advantage is a well
educated and developed agricultural industry in which formal identification of 
individual cattle, stock movement controls and quarantine are all possible and 
where an adequate supply of replacement cattle is available if needed. Finally, 
the above countries are, or have been, relatively wealthy and have been able 
to employ the large number of veterinary personnel needed for tuberculosis 
eradication schemes and in some instances, to pay for compensation schemes 
for farmers whose stock have been slaughtered, and for bonus payments to 
beef and dairy farmers who have successfully eradicated the disease. Bovine 
tuberculosis is much more of a problem now in underdeveloped and develop
ing countries. It is doubtful they have the resources for the type of eradication 
programs carried out in large parts of Europe and North America. Further
more, as the cattle industry, and in particular dairy farming, develops in 
many of these less-fortunate countries, bovine tuberculosis may increase in 
prevalence and become a major problem even if it is not recognized as such at 
the moment. 

Unfortunately there is no cheap or simple way to control or eradicate 
bovine tuberculosis. Results of vaccination trials using B.C.O. have shown 
that it has no place in control schemes. Similarly, long term chemotherapy 
and/or chemoprophylaxis using, for example, isoniazid, also has tremendous 
drawbacks and has been advised against, at least at the moment. The only 
proven effective eradication schemes are those which involve tuberculin test
ing and the prompt disposal of reactors. From a national viewpoint, slaughter 
is the best method of disposal. Voluntary schemes are rarely successful, but 
schemes with built-in compensation and/or bonuses are unacceptable to 
many governments. Other" cheap" alternative schemes, such as the detec
tion and disposal of clinical cases (or merely cattle with tuberculosis mastitis), 
are also generally unsuccessful. 

A country faced with this problem is probably best advised to define the 
prevalence and distribution of bovine tuberculosis by abattoir surveys and 
tuberculin testing in selected herds and areas. The test best suited to an initial 
investigation in a developing country is probably the single comparative 
intradermal test because (i) only two initial visits to a particular farm are 
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needed and (ii) it reduces interpretation problems due to nonspecific infec
tions, i.e., M. avium, M. johnei, Nocardia farcinicus and skin tuberculosis. 

The implementation of such an exercise might even serve to underline the 
financial losses which occur as a result of bovine tuberculosis. Quite apart 
from this, however, is the problem that the disease may be responsible for a 
huge morbidity and mortality rate in the human population. 

Bovine tuberculosis as a zoonosis 

The staggering statistics of this problem are spelled out by Myers and Steele 
(1969). Since the beginning of this century it has been accepted that humans 
may contract tuberculosis from cattle under a wide variety of different cir
cumstances. Infection derived from meat and meat-products can occur 
although the striking nature of the lesions usually results in prompt condem
nation at the time the carcase is examined by the meat inspectors. However, 
such a system is not always operant thus posing a certain risk for all, 
including veterinarians, public health officials and laboratory workers who are 
involved in the handling and preparation of carcases. Close contact (as in an 
intensive cattle unit) with actively excreting clinical cases, however, is a far 
greater risk to animal attendants. One worker (Henning, 1956) stated that 
working in infected cattle stables was more dangerous than working in a 
tuberculosis hospital. 

The greatest risk for humans comes from drinking contaminated milk. 
From the milk production viewpoint, tuberculosis milk is a major problem 
because it may carry vast numbers of tubercle bacilli without appearing 
abnormal (i.e., "mastitic "). When used as a milk producer for a family, a 
single tuberculous cow may be responsible for several human cases, particu
larly in children. Even in large units where tuberculous milk may be bulked 
up with normal milk, widespread dissemination of infection may occur. Of 
course, pasteurization of milk virtually eliminates the risk to humans but 
unfortunately such a procedure is unlikely to protect rural populations from 
bovine tuberculosis, particularly in the less developed areas of the world. 

Skin tuberculosis 

This condition is a chronic and benign granulomatous disorder of cattle which 
affects the skin, usually around the neck, shoulders and upper forelegs. In 
some cases the lesions may be nodular and covered with normal skin, and in 
others they may protrude through the skin and resemble a small hard cauli-

306 



flower. The process may occasionally involve the lymphatics but never 
spreads to the associated lymph nodes. Usually the lesions range from one to 
four centimeters in diameter. On histological examination, "tuberculoid" 
lesions often contain acid-fast bacteria although these unclassified bacteria are 
generally considered to be nonpathogenic. 

The only significance of skin tuberculosis is that it is one cause of 
'nonspecific reaction' to the tuberculin test. 
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25. ANTHRAX 

I.E. Selman 

Abstract. Anthrax is a widely-distributed and usually fatal disease of cattle caused by 
the bacterium Bacillus (ll1thracis. This organism readily produces highly resistant spores 
when it is exposed to air. In cattle, infection is usually by ingestion which may occur 
when contaminated feeding stuffs or drinking water are consumed or, under pastoral 
conditions, when cattle graze contaminated pastures. Infection usually gives rise to 
either rapid death (peracute anthrax) or, less commonly, a slightly more protracted 
syndrome characterized by extreme dullness, high fever, widespread hemorrhages, 
dysentery and usually death within 48 hours. Once soil is contaminated with spores it 
usually remains so for Illany years. Control methods should involve prompt diagnosis, 
prevention of contamination, preferably by the deep burial of unopened carcases and 
disinfection of the immediate environment. In countries where the disease is endemic 
or in non-endemic countries where anthrax is a persistent endemic problem, annual 
vaccination should be carried out. Anthrax is a zoonosis and the infection may be 
acquired by man from infected animals, animal products and contaminated laboratory 
equipment. 

Etiology 

Bacillus anthracis is a very large (6-8 ~lIn X I ~lm), straight, rod-shaped organ
ism with square ends. In smears made from a fatal case it is usually 
surrounded by a thick capsule and occurs singly, in groups or in short chains. 
It is Gram positive. Spores are readily produced when the organism is 
exposed to air. The spores of B. af7!hracis are very highly resistant and may 
persist in soil almost indefinitely. There are some suggestions that the organ
ism is capable of an independent vegetative existence under optimal soil 
conditions. The organism is also able to withstand many industrial and 
manufacturing processes, the effects of a large number of disinfectants and 
also many standard bacteriological staining techniques. For information 
regarding other characteristics of this bacterium, the reader should consult the 
work of Soltys (1963). 

Both intracellular and extracellular toxins are produced by B. anthracis. 
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Pathogenesis 

In cattie, most cases arise as the result of ingesting the spores of B. an thracis , 
however, infections may result from inhalation and even wound contamina
tion. 

The organism passes through the mucous membrane, probably by way of 
abrasions in the mouth and elsewhere. Dissemination is by way of the 
lymphatics to the bloodstream where there is an overwhelming terminal 
bacteremia. The exotoxins of B. anthracis are considered more pathogenic 
than those which are produced intracellularly, and they give rise to wides
pread edema and tissue damage. The disease proves to be almost invariably 
fatal and death generally occurs within a matter of a few hours. 

Distribution 

Anthrax is a worldwide disease although its prevalence and public health 
significance tend to be much higher in less-developed tropical areas. 

Epidemiology 

In developed, temperate countries, anthrax is usually an infrequent, sporadic 
event involving only one, or at most a few, cattle in a herd. Frequently, the 
source may be attributed to the ingestion of concentrated feed which contains 
imported components contaminated with the spores of B. anthracis. Since 
early diagnosis, reduced sporulation rates, and legal control measures exist in 
developed countries with lower ambient temperatures, it seems likely anthrax 
would not persist if it were not for the occasional importation of infected feed. 
However, even under relatively mild, temperate conditions anthrax may occa
sionally be seen as a regular occurrence in a certain location. Frequently the 
area in question is a single field which has a history of occasional anthrax 
cases dating back over several generations. It is common for such an area to 
be adjacent to, or downstream from a tannery, knacker's yard, fertilizer 
processing plant or an abbattoir. Investigation may reveal that these locations 
were once used as a place for burying dead carcases or offal. 

In tropical or sub-tropical environments the epidemiology of anthrax is 
somewhat different. Regular confirmation of diagnosis is less frequently 
sought and far more difficult to accomplish, particularly under extensive 
grazing conditions or when poor communications exist. In addition, there are 
major practical problems involved in burying or otherwise disposing of 
infected carcases. Even when attempts have been made to do so, there is the 
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added complication that various carrion feeders may either eat or carry off 
pieces of infected material and scatter them over a wide area. These factors, 
together with temperature and humidity conditions favorable for sporulation, 
make anthrax a much more significant disease threat in the tropics and 
subtropics. 

When soil-borne infections occur they frequently exhibit a seasonal pattern. 
In some areas this may be due to a sudden change to favorable climatic 
conditions when, for example, heavy rain follows a prolonged drought. Alter
natively, the disease may be seen as a dry season problem, presumably due to 
the greater chance of oral lesions arising when more fibrous material is eaten. 
Also, under such conditions cattle commonly ingest large amounts of soil 
along with herbage. 

Anthrax may be seen in all ages of cattle but is common in animals over 
one year of age. 

A respiratory form of anthrax may rarely occur in cattle and is analogous to 
"woolsorter's disease" in man. Also, the organism may occasionally contam
inate wounds and perhaps may be spread to cattle by insect vectors (Blood et 
al., 1979). 

Two forms of the disease may be seen in cattle: peracute and acute 
anthrax. In the former, the course may be as short as 1 to 2 hours; in the 
latter it may be as long as 1 to 2 days. It has frequently been stated that the 
peracute disease is seen at the beginning of an outbreak. It may be well that 
this is merely a reflection of the greater vigilance which is stimulated as losses 
continue. 

Clinical Signs 

The incubation period under field conditions is unknown but experimentally 
it has been shown to vary from 1 to 10 days. 

In most instances, cattle are observed as cases of sudden death. Only 
occasionally does an animal survive long enough for clinical signs to be 
observed. The animal may be extremely depressed, highly febrile and totally 
recumbent or nearly so. Extreme dyspnoea is often present with tachycardia 
and congested, sometimes petechiated, oral and conjunctival membranes. 
Dysentery occurs frequently and sometimes the scanty amount of milk which 
is available is bloodstained. There may also be localized areas of edematous 
swelling, particularly in the throat and along the floor of the belly. If a 
pregnant animal survives, it may abort. 
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Pathology 

In cases of sudden death due to anthrax, the animal has usually died quietly; 
there is often dark, unclotted blood at the nostrils and anus. Bloating and 
putrefaction are quick to occur but rigor mortis is delayed. Given this situa
tion it is advisable and, in some countries, a legal necessity to proceed no 
further until a blood smear has been examined (see below), If the smear is 
positive, the carcase should be left unopened in order to reduce chances of 
spore formation. The pathological features of the disease are: the blood is 
unclotted and often widespread ecchymotic hermorrhages are found in all 
areas of the body; there may be subcutaneous plaques containing blood· 
stained edematous fluid; there is an accumulation of sero-sanguineous fluid 
within the body cavities, the abomasum is highly congested, and the small 
intestine contains blood-stained material; often there is a dramatic, massive 
splenic enlargement and the organ contains a semi-solid, dark red material 
highly reminiscent of raspberry jam. 

Immune Response 

Recovered cases are assumed to have a solid immunity to the disease. 

Laboratory Aids to Diagnosis 

Diagnosis in a live animal may prove to be difficult since bacteremia tends to 
be a fairly terminal feature of the disease, consequently a blood smear is often 
misleading. However, when the disease is suspected, a blood smear should be 
attempted as well as a smear of fluid from edematous plaques. Extreme care 
should be taken to avoid spillage of blood or fluid. Whenever possible, the 
samples should be collected in a "vacutainer" bottle. In the dead animal, a 
blood smear should be collected from an ear vein and the small incision 
should be burned with a hot iron or knife. The ear then should be bound up 
either with elastoplast or a polythene bag. The smear should be dried and 
stained with either Giemsa or polychrome methylene blue. Extreme care 
should be taken; gloves should be worn and all materials and instruments 
should be carefully incinerated. 

Unfortunately, infection may be difficult or impossible to detect once putre
faction has set in. In a case of anthrax in a hot climate, organisms may only 
be demonstrable for a few hours after death. Under such circumstances, it is 
advisable to submit swabs from the blood which has oozed from the anus or 

312 



nostrils for more detailed laboratory studies. Contaminated material or hide 
may also be submitted, but in all cases samples should be very carefully 
packaged and identified. 

Organisms may still be found in mesenteric lymph nodes and spleen in an 
animal which has survived long enough to have received antibiotic therapy. 

Prevention and Control 

In countries where anthrax is sporadic and incidents can usually be attributed 
to ingestion of B. anfhracis in imported feeding stuffs, there is little point in 
vaccination. However, where recurrent cases occur, the use of a vaccine 
should receive serious consideration (see below). In either event, it is essential 
that all suspicious incidents are properly investigated including at least an 
examination of a suitably-stained blood smear. Confirmed cases are preferably 
disposed of by deep (2 m) burial in quicklime or, if this is not possible, by 
controlled incineration. The animal's immediate surroundings should be thor
oughly disinfected using either formalin (10%), caustic soda 00%) or peracet
ic acid (3 %). Contaminated clothing, etc., should be buried or thoroughly 
disinfected with formalin. A careful watch for further cases should be carried 
out. In the event of other cattle becoming ill, they should be treated with 
extreme suspicion and receive appropriate treatment unless there are definite 
indications to the contrary (see below). 

In countries where anthrax is common, there is a clear need for continued 
vaccination. Probably the most commonly-used preparation is a living, aviru
lent (uncapsulated) spore vaccine. This is usually administered to all cattle 
annually although in areas where challenge is particularly high, the dosage 
may be increased to twice yearly. Quite commonly, the anthrax vaccine is 
combined with other vaccines, e.g., blackleg. 

When faced with an outbreak of anthrax, vaccination should be instituted 
immediately and all cattle movements in the area stopped. Further cases may 
occur over the following week or so. The use of antiserum is generally not 
advisable unless a killed vaccine is being used. Clinical cases should be 
isolated and treated with maximal doses of either penicillin, streptomycin or a 
combination of these drugs for at least five days. Antiserum is also consid
ered to be beneficial if given daily over the same period in daily doses of 
100-250 ml. This is an extremely expensive procedure, however, and not 
recommended for routine purposes (Blood et at., 1979). 
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Anthrax as a Zoonosis 

Although anthrax may occur in man as a fatal septicemic disease, most cases 
would appear to arise as either cutaneous abscessation (e.g., hideporter's 
disease), pneumonia (e.g., woolsorter's disease), or else as a severe gastro
intestinal disturbance with dysentery (e.g., when infected meat is inadvertent
ly eaten). In each syndrome fever, depression, and sometimes death may 
occur although the clinical course of each of these syndromes depends on 
how quickly a correct diagnosis is made and effective treatment instituted. 
Laboratory technicians, animal attendants, abbatoir workers, knackers and 
veterinarians may occasionally contract the disease, usually in the cutaneous 
form. Extreme care should be exercised whenever a suspicious case is being 
examined. In the case of the veterinarian particularly, care should be taken 
when blood smears are obtained from suddenly-dead cattle. For similar rea
sons, the rectal examination of dull and febrile cows with dysentery is not 
recommended. 
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26. TETANUS AND BOTULISM 

I.E. Selman 

A: TETANUS (LOCKJAW) 

Abstract. Tetanus in cattle is usually of a sporadic nature and is frequently fatal. It 
arises as the result of a neurotoxin produced by the anaerobic bacterium, Clostridium 
tetani. The clinical signs are highly distinctive and the syndrome is characterized by 
hyperasthesia, generalized muscular stiffness and ruminal tympany. In severe cases 
the disease progresses to lateral recumbency with extreme extensor rigidity, opisthoto
nus and convulsions. Treatment of established cases is frequently unsuccessful but the 
disease may be prevented either by proper wound management together with the use 
of antitoxin or by routine vaccination. 

Etiology 

Clostridium tetan! IS a long, slender rod-shaped bacillus (2.0 ~lm X 0.5 ~m) 
with slightly rounded ends. It may occur singly or in short chains. It grows 
well on all ordinary media provided that cultural conditions are strictly anae
robic. The appearance and behavior of the organism varies according to age. 
In young cultures, it is Gram positive, motile and may form long filaments 
whereas in cultures older than 48 hours, it stains Gram negative and is 
inclined to sporulate. Different strains of CI. tetani exhibit a varying tendency 
to sporulate but when present, spores are situated terminally and give the 
bacillus the appearance of a drumstick. Various other cultural properties of CI. 
tetani have been listed by Soltys (1963). Ten strains of the organism have 
been identified, all of which produce the same antigenic type of toxin which 
can be neutralized by a single antitoxin. 

Under suitable conditions, CI. tetani produces a highly potent toxin which 
has been shown to contain at least two toxic factors: a hemolysin (tetanolysin) 
and a neurotoxin (tetanospasmin). The production of the latter factor is 
dependent upon the age of the culture, the culture medium and the strain of 
CI.tetani (Soltys, 1963). 
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Pathogenesis 

Contamination of a wound with the spores of C/. ff'tani does not lead 
inevitably to clinical tetanus since local conditions have to be favorable for 
proliferation of the bacterium. The affected tissue, in particular, must have a 
low oxygen tension. Nevertheless, if local conditions are, or become, optimal 
(and the contaminating strain of organism is sufficiently toxigenic) there is a 
distinct risk that the clinical disease will ensue. Bacterial proliferation remains 
localized to the wound. The neurological effects occur as a result of neuro
toxin absorption by the peripheral (motor) nerve endings which pass the toxin 
along the nerve trunks to the central nervous system. The role, if any, played 
by the hemolytic factor in these events is unknown although it has been 
postulated that it may playa supporting, albeit local, part in producing tissue 
necrosis (Soltys, 1963). The mechanism by which the neurotoxin exerts its 
effects is unknown and it is possible that it operates centrally in the spinal 
cord and brain stem, or peripherally via the motor nerves, or in both locations 
simultaneously (Brooks f'f al., 1957). In any event, the result is a generalized 
or sustained contraction of locomotor and respiratory musculature. When 
death occurs, it is usually due to asphyxiation following respiratory paralysis; 
occasionally cattle will die from the effects of severe ruminal tympany or 
aspiration pneumonia. 

Distribution 

Clostridium tetani is widely distributed in the soil and in the feces of many 
different animal species, particularly the horse. There is, however, a marked 
tendency for local variations to exist regarding the prevalence of the clinical 
condition, and in some areas, tetanus is a commonly-encountered disease 
although the basic reasons for this are not clear. 

Epidemiology 

The highly resistant spores of C/. tf'tani are present in large number in garden 
earth, street dust, hay and manure (Henning, 1956) and their numbers are 
continually being replenished by fecal contamination (Fildes, 1925). There
fore, circumstances favoring wound contamination are often present under 
normal farming conditions. If local conditions encourage proliferation of a 
toxigenic strain of the organism there is a distinct disease risk. 

Susceptibility of domestic species appears to vary markedly to the effects of 
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the neurotoxin of C/. tetani. Cattle are considered to be somewhat resistant in 
comparison to man and the horse. Most cattle and other domestic ruminants 
have detectable levels of circulating antitoxin. It has been suggested that this 
is the result of C/. tetani proliferation in the forestomachs, absorption of toxin 
and consequent natural antigenic stimulation; thus the relative resistance of 
cattle to C/. tetani neurotoxin may be acquired rather than natural. Neverthe
less, it must be emphasized that the mortality rate in cattle affected with 
tetanus is very high (see below). 

Tetanus may be seen in all ages of cattle under a variety of epidemiological 
conditions. While the classic situation is generally taken to be a deep punc
ture wound which becomes contaminated with bacterial spores, this does not 
seem to be the most common portal of entry in cattle. In the absence of 
reliable data, this author's impression is that the most frequent tetanus 
situations, in descending order of prevalence are as follows: (i) the postpartu
rient cow (especially if there has been placental retention), (ii) the recently 
castrated steer (particularly if the operation was carried out using the rubber 
ring technique), (iii) the recently dehorned yearling and (iv) the neonate 
(presumably infected via the umbilicus). Many cases, however, are encoun
tered where there has been no obvious or probable portal of entry although it 
is possible that such cases have had a prolonged incubation period and the 
original wound has healed. Finally, tetanus may occasionally be epizootic, 
usually occurring in immature (6-12 month) housed or grazing cattle. Prob
lems of differential diagnosis arise but when all efforts have been made to 
exclude, for example, various mycotoxicoses and strychnil)e poisoning, it is 
generally assumed that the problem is due to absorption of C/. tefani toxin via 
a breech in the epithelial lining of the alimentary tract. 

Clinical Signs 

The incubation period may vary from days to months but usually in cattle 
when infection can be related to a previous event, such as parturition, it is 
between 7 and 14 days. The course and severity of the disease also varies 
considerably. Mild cases commonly recover but often take up to two months 
to do so. Severe cases usually have a survival time ranging from 5 to 10 days 
after which death or humane destruction occurs. The overall tetanus mortality 
rate in cattle probably exceeds 90 %. 

The first clinical signs in adult cattle are an apprehensive appearance, an 
excessive reaction to mild, every-day stimuli, slight muscular tremors at rest 
and a slightly stiff stance and gait. At this stage the animal may continue to 
eat and drink a little, there may be a slight dribbling of saliva, ruminal 
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tympany and, if feces are passed, they are likely to be dry and dark in 

color. 
As the condition develops, the animal will experience difficulty in eating, 

chewing and drinking although it may still wish to do so, at least for a time. 
Generalized but mild muscular stiffness gives way to severe extensor rigidity. 
The animal stands on the tips of its toes with its legs straight and extended in 
a pose reminiscent of a rocking horse. Walking is extremely difficult. The 
head is extended forward, the ears are stiffly pricked, the nostrils flaring and 
the facial muscles taut and hard. Trismus (lockjaw) may be present although 
it is usually possible to open the mouth a little. A prolapse of the third eyelid 
(membrana nictitans) mayor may not be present. Salivation is more promi
nent and there is often marked sweating ~ there is tachypnoea, tachycardia, a 
tense abdomen (the whole body feels extremely hard), and the tail is held 
stiffly. Urination is difficult, particularly in females, mainly due to the diffi
culty in taking the appropriate posture. Sudden movement, noises and hand
ling may precipitate a panic reaction and the animal may fall to its side in a 
tetanic convulsion. Eventually, the animal remains in lateral recumbency with 
extreme extensor rigidity and opisthotonus. At this stage the rectal tempera
ture may rise to around 105 OF, presumably as the result of the protracted 
muscular contractions and convulsions and there will be marked sweating and 
severe distress. In addition, animals often inflict traumatic injuries upon 
themselves, particularly around the orbit, the coronets, hocks and elbows. 

Patho!o!.!y 

There are no gross or histopathological, neuropathological or muscular lesions 
in tetanus although in many cases there is an obvious infection site. 

Immune Response 

The fact that in normal cattle it is common to detect low circulating levels of 
tetanus antitoxin has already been referred to. This would suggest that recov
ered cases are likely to develop even higher levels of antitoxin and be quite 
resistant to reinfection; however, detailed information on this point is lack
mg. 
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Laboratory Aids to Diagnosis 

There is no satisfactory laboratory test to confirm C/. tetani infection apart 
from culture of possible infection sites. 

Prevention and Control 

The first consideration in the prevention of tetanus in cattle is the manage
ment and treatment of potential infection sites. Good operative technique and 
clean instruments are of prime importance of routine tasks such as castrations 
and dehornings. Similarly, cattle with (or with a possibility of developing) 
metritis and/or placental retention should receive proper attention with anti
bacterial cover. In the case of accidental wounds, proper wound cleansing and 
disinfection with antibacterial cover is necessary. 

In areas where the disease has not been recognized in cattle, there is little 
point in instituting anything other than the measures outlined above. In an 
area where tetanus is a definite and consistent hazard, in addition to the 
above measures, antitoxin should be administered subcutaneously ranging 
from 3000 to 7500 i.u. depending on the size of the animal. The effect of 
antitoxin is transient (i.e., persists for only about two weeks) and to obviate 
the need for haphazard and repeated antitoxin administration in high risk 
areas, it is advisable to vaccinate susceptible cattle with an alum-precipitated, 
formalin-treated toxoid. Protective immunity which develops two weeks after 
vaccination lasts for about one year. A second dose of the vaccine is likely to 
confer life-protection in cattle. The use of antitoxin or toxoid in tetanus areas 
depends on local considerations, and in particular the relative costs of the 
products. 

In stark contrast to the efficacy of the above prophylactic measures, the 
treatment of cattle with clinical tetanus is frequently unsuccessful. Much 
depends on the stage and severity of the condition at the time the animal is 
first presented for attention. In mild cases (i.e., when the animal can still 
stand, walk and eat), the chances of recovery are fairly good although the 
course of the disease over the following few days is critical. Such an animal 
should be moved to a quiet, preferably darkened, area with comfortable 
bedding. Food and water should be offered at head height and every effort 
should be made to raise it quietly at least twice daily. If the animal has 
difficulty drinking, it should be stomach-tubed and water or normal saline 
given at the rate of at least 2 liters/50 kg body weight daily. Females with 
difficulty in urinating should be catheterized regularly. A search should be 
made for the infection site and, if found, should be thoroughly cleansed and 
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disinfected. Antibiotic (e.g., procaine penicillin) therapy should be instituted 
with the intravenous administration of antitoxin (i.e., up to 100000 i.u. 
antitoxin). In some instances it is suggested that antitoxin is made effective if 
given by the epidural route and infiltrated around the wound is a better 
method. This seems unnecessary in view of the fact that many" mild" cases 
recover spontaneously or with limited individual care. The use of ataraxic 
drugs such as acetyl promazine (0.05 mg/kg body weight) twice daily for at 
least one week is also to be recommended. The prognosis must always be 
guarded over the first few days of treatment and even when an animal 
appears to be progressing satisfactorily. Any time within the first two or three 
weeks, a rapid deterioration of condition may take place. 

The management and treatment of severe cases must be approached with 
extreme pessimism. If a case is at the stage of lateral recumbency and severe 
extensor rigidity when it is first presented for treatment, or progresses rapidly 
to this stage, it is probably best to carry out humane destruction. If attempts 
are made to save a severe case, however, the therapeutic and nursing regime 
is merely an extension of that already described. Fluid and electrolyte therapy 
have to be carried out by the intravenous route; antitoxin has to be admin
istered either intrathecally or via the epidural space; the animal has to be kept 
on deep bedding and rolled several times daily; sedation is essential. Again, 
there is a tendency for even severe cases to improve transiently just prior to 
death and signs of improvement must never be taken as definite indications 
that the animal is making satisfactory progress. Finally, it should be empha
sized that cattle with severe tetanus (unlike horses) should be managed and 
nursed on the ground and that slinging is contra-indicated. 
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B: BOTULISM 

Abstract. Botulism is an almost invariably fatal disease in cattle. It arises as the result 
of the ingestion of a pre-formed neurotoxin produced by the anaerobic bacterium, 
Clostridium botulinum and which is released following lysis of that organism. Cattle 
become intoxicated following the ingestion of decomposing animal and vegetable 
matter. The clinical signs are highly distinctive; the syndrome is sometimes character
ized by sudden death but more frequently by flaccid paralysis of variable severity 
involving the muscles of locomotion, mastication and swallowing. Usually impairment 
starts posteriorly and progresses forward. Treatment of established cases is almost 
always unsuccessful but the disease may be prevented by vaccination. Identification 
and avoidance of the source of contaminated ingesta and control of predisposing 
factors also playa key role in prevention of botulism. 

Etiolog) 

Clostridium botulinum is a very large bacillus (4.0 - 8.0 11m X 1.0 - 1.5 ~lm) 

which may occur singly, in pairs or in short chains. It grows well on most 
common media but is a strict anaerobe. In young cultures CI. botulinum is 
motile and Gram posittve although variation occurs in depth of staining 
between different bacilli. The organism is saprophytic and spore-forming. 
The spores, which are larger than the diameter of the bacterium and hence 
create a bulge, are usually situated subterminally. For other information 
regarding the cultural and biochemical properties of the organism, the reader 
is referred to the work of Soltys (1963). At least seven types of CI. botulinum 
have been identified (A, V, Ox, C~, D, E, F), each elaborates a distinct toxin 
which exhibits marked variation in toxicity. The toxins are highly potent 
neurotoxins and are released from the bacterium when it undergoes lysis. 

Pathogenesis 

The toxins of CI. botulinum vary greatly in their relative pathogenicities for 
different animal species but in general, cattle are highly susceptible. The 
ingested toxin is rapidly absorbed and becomes distributed throughout the 
body, finally to be absorbed by the peripheral nervous system. The incubation 
period is variable and in experimental cases may range from 18 hours to 16 
days (Henning, 1956). 

The effects of the neurotoxin appear to be localized to the peripheral nervous 
system CPayling Wright, 1955) inducing a wide range of clinical signs, almost all of 
which may be attributed to motor paralysis. 
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In the acute form of the disease, death is due to respiratory paralysis but in 
other instances cattle may die from aspiration pneumonia or be slaughtered as 
the result of prolonged recumbency. 

Distribution 

The different types of C/. botulinum are widely distributed throughout the 
world. Those known to have caused disease incidents in cattle (i.e., C , 0 
and, to a lesser extent, B) have been identified in North America, Australia, 
Europe and certain parts of South Africa. 

Epidemiology 

The spores of C/. botulinum are extremely resistant and even the toxin is 
capable of prolonged survival when protected from leeching (Fourie, 1946). 
The organism is a common inhabitant of the alimentary tract of cattle and 
other herbivores from whence it may contaminate ranges and pastures. The 
organism proliferates only in decaying animal and plant matter. It is ingested 
toxin that is responsible for producing the clinical signs; the organism itself is 
generally assumed to be incapable of toxin production once inside the ani
mal's body (Soltys, 1963). 

In cattle, classic botulism was first recorded in South Africa in 1780 and 
from that time onwards much interest was focused on the condition until its 
etiology was finally defined in 1927 (Henning, 1956). The condition affected 
range cattle during the latter part of the dry season. It was established that 
the cattle were ingesting toxin due to their (seasonal) habit of eating bones 
from decomposing carcases in their grazing areas. This habit, pica, arose 
during the dry season as the result of severe phosphorus deficiency which was 
less severe after the onset of the rains. Such a situation has occurred and 
occasionally given rise to botulism in other dry areas such as parts of the 
United States and Australia. It has been emphasized, however, that in some 
areas the danger lies not in cattle eating the bones of other domestic farm 
animals but rather eating or chewing the remains of many small animals 
(Fourie, 1946). The bodies of dead tortoises are reported to be ideally suited 
for anaerobic growth and toxin formation, after which their shells become 
heavily contaminated; Fourie (1946) suggested that almost 100% of dead 
tortoises may be toxic in endemic areas and may be responsible for up to 
80% of all cases of botulism in certain areas. 

The disease has been confirmed in cattle drinking lake water infested by 
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the contaminated bodies of wild fowl, in cattle eating hay and silage contam
inated by the bodies of dead rodents and in cattle grazing good pastures 
which have been fertilized with chicken manure containing the remains of 
dead birds (Blood et al., 1979). In addition, it has also been claimed that. the 
disease may arise occasionally as the result of cattle eating decaying pasture, 
decomposing hay and silage and heavily contaminated brewer's grains (Blood 
et aI., 1979). 

Clinical Signs 

The incubation period under experimental conditions may vary from 18 hours 
to 16 days but in most cases it ranges between two and six days (Henning, 
1956). For obvious reasons, the incubation period under field conditions is 
usually impossible to assess. The syndrome has been divided into four dis
tinct forms: 

Peracute botulism 

This is defined as the situation in which the period between the onset of 
clinical signs and death is less than 24 hours. Under field conditions it is 
characterized by sudden death; under experimental conditions it usually fol
lows the administration of a large dose of toxin and a short incubation period. 
When clinical signs are seen (i.e., in closely observed experimental cattle) they 
are basically similar to those which occur in the acute form of the disease 
albeit contracted into a much shorter time scale. 

Acute botulism 

Acute cases are almost invariably fatal; the time between onset and death is 
one to two days and the evolution of clinical signs is much more striking. 
Initially cattle may be able to rise without assistance and move about in an 
incoordinated stumbling fashion. Soon, however, the animal is unable to rise 
although still able to maintain itself in sternal recumbency. At this stage, the 
head is often held around to the flank. The animal is afebrile and usually 
uninterested in food or water. Eventually, the muscles of mastication and 
swallowing become paralyzed, there is drooling of saliva and boluses of grass 
may accumulate in the back of the mouth. 
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Subacute botulism 

This form of the disease lasts between three and seven days; it is the 
syndrome most commonly encountered under range conditions and almost 
invariably proves fatal. 

The signs are similar to those described above but since they develop over 
a longer time period, they are more obvious. Affected cattle are again dull but 
afebrile. They may be able to rise with encouragement for several days but 
generally prefer to lie in sternal recumbency. When forced to walk, their gait 
is usually sluggish or incoordinated and knuckling of one or more fetlocks is 
quite common. At this stage, animals are inclined to collapse suddenly if 
harassed. 

In this form of the disease the characteristic progression of the paralysis 
from the hind limbs forward is easily seen. Many animals will make reason
ably coordinated attempts to rise on to their knees while totally unable to 
move their hind limbs. The paralysis is of a flaccid nature and sensation is 
usually retained until the later stages of the disease. Latterly, the animal is 
unable to raise its head and usually is unable to chew or swallow. This is not 
always the case, however, and some continue to eat for several days although 
chewing movements are slow, and difficulty in swallowing arises with a 
consequent drooling of saliva. Terminally, the tongue may be paralyzed and 
extended and the animal lapses into lateral recumbency and coma. 

Chronic botulism 

In this form, the animal lasts for more than seven days and a small number 
may even recover after three or four weeks of illness. 

The clinical picture is generally one of dullness without fever and, at least 
initially, a reasonably good appetite; there is usually some difficulty in rising 
or walking and the animal prefers to lie for prolonged periods. In most cases 
the desire to eat remains regardless of impairment to chewing or swallowing. 
The condition rapidly worsens. Occasionally in chronic cases respiratory ster
tor (snoring) may arise, presumably due to pharyngeal paralysis. This sign 
may persist for several months in recovering animals. 

Pathology 

There are no characteristic gross or histopathological lesions in either renal or 
muscular tissue. Certain types of foreign body in the fore-stomachs, such as 
bones, pieces of tortoiseshell, sticks or stones may suggest that the animal has 
had a depraved appetite. 
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Extreme care should be exercised when carrying out post-mortem examina
tion on suspected cases since the toxin has been known to be absorbed 
through minor wounds and abrasions. 

Immune Response 

Since most cases prove fatal in a very short time, little is known about the 
antibody response in natural infections. It is assumed that recovered cases are 
solidly immune thereafter. 

Laboratory Aids to Diagnosis 

In problem areas, laboratory diagnosis is seldom necessary since the disease is 
clinically distinctive. 

In endemic areas, C/. botulinum is often present in the feces of normal 
cattle, consequently, the identification of the organism in ruminal intestinal 
contents is not considered to be of confirmatory significance. The identifica
tion of toxin in intestinal contents is considered as conclusive evidence, 
however, it is absorbed so rapidly from the gut that it is likely to be found 
only in peracute and some acute cases and these are not so commonly 
encountered under field conditions. The identification of toxin in liver may be 
viewed as definite proof of botulism. 

Prevention and Control 

Little reliance should be placed on any treatment of botulism, although 
specific and polyvalent antitoxins are available. When cases occur, prompt 
vaccination using specific or polyvalent toxoid must be carried out. In most 
cases, a single dose is sufficient to confer protection for approximately two 
years and revaccination is recommended for cattle retained after this per
iod. 

It is essential that suspected outbreaks be investigated as carefully as 
possible to define the precise source of toxin, otherwise losses may continue 
almost indefinitely and there is the possibility of spread to the human popu
lation under certain circumstances. Once the source is established, evasive 
action can be planned, depending on the type of cattle involved and the way 
in which botulinum toxin is acquired. 

In range cattie, all carcases should be disposed of when possible and 
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attempts made to correct phosphorus and other deficiency states. All attempts 
should be made to avoid using food, water or fertilizer which have been 
identified as hazardous. 

References 

Blood DC Henderson J A, Radostits OM: V eteri nary Medicine: A Textbook of the 
Diseases of Cattle, Sheep, Pigs and Horses, chap 17, pp 441-443. London: Tindal. 
1979. 

Fourie J:-'1: Persistance of botulism toxin in carcase material with special reference to 
that of tortoises. J S Afr Vet Med Assoc 17:85-87,1946. 

Henning MW: Animal Diseases in South Africa, chap B5, pp 487-517. South Africa: 
Central News Agency, 1956. 

Payling Wright G: Botulinus and Tetanus Toxins. Mechanisms of Microbiological 
Pathogenicity. Fifth Symposium of The Society for General Microbiology, Cam
bridge University Press, 1955. 

326 



27. ANAPLASMOSIS 

Miodrag Ristic 

Abstract. Anaplasmosis is an infectious and transmissible disease manifested by pro
gressive anemia and the appearance of other characteristic disease symptoms. It is a 
world-wide tick-borne disease of cattle and some wild ruminants caused by the 
rickettsia Anaplasma fI1G1ginaie. A short-term in vitro propagation of this agent was 
achieved recently. Serums from convalescing animals interact with A. m(lIginale antig
ens in agglutination and complement fixation tests. Consequently, these are the most 
frequently used tests to detect anaplasma carrier cattle. Passive transfer of sera from 
immune to susceptible cattle, however, does not seem to confer protection against the 
infection and development of the disease. Studies which employed various tests for 
measuring cell-mediated immune (CM!) responses in association with simultaneously 
collected information on antibody activity, have shown that both humoral and cellular 
immune responses are needed for the development of protective immunity in anaplas
mosis. It was further shown that an active replication of anaplasma is essential for 
induction of these two types of immune responses. Consequently, live virulent and 
attenuated immunogens fulfill requirements for induction of protective immunity. The 
use of a virulent agent for immunization (premunization), however, presents a risk, it 
is a laborious procedure and requires control of the initial infection by drugs. 

Many drugs, including arsenicals, antimalarials, antimony derivatives, and dyes, 
have been employed in an effort to cure or prevent anaplasmosis. Dithiosemicarba
zones have been described as having a specific chemotherapeutic effect on anaplasma. 
Because of their residual tissue toxicities, they are not approved for commercial sale. 
To date, however, only the tetracycline compounds (chlortetracycline, tetracycline, and 
oxytetracycline which are available commercially have been found to have a useful 
effect on the rate of multiplication of anaplasma. 

Anaplasmosis is an infectious and transmissible disease of cattle, character
ized by progressive anemia associated with the presence of intraerythrocytic 
inclusion bodies designated as anaplasma. At the beginning of the century, 
Theiler (1910) described a small punctiform body which occurred in the 
erythrocytes of African cattle suffering from an acute infectious anemia. On 
the basis of staining characteristics, the author concluded that the organism 
lacked cytoplasm and used the term "anaplasma" to indicate this property 
and the term" marginale" to describe the peripheral location of the organism 
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within erythrocytes. Beginning with the classic studies of babesiosis by Smith 
and Kilborne'and for many years thereafter, A. marginale was considered to 
be a protozoan blood parasite. During the last 2 decades, considerable know
ledge has been acquired on biologic and physical properties of the organism to 
justify its classification as a rickettsia. 

Etiology 

In the 8th edition of Bergey's Manual, A. mwginale is the representative 
species of the genus Anaplasma, family Anaplasmataceae, order Rickettsiales 
(Ristic and Kreier, 1974). The organism (initial body) was shown to enter the 
erythrocyte by invagination of the cytoplasmic membrane with subsequent 
formation of a vacuole. Thereafter, the initial body multiplies by binary 
fission and forms an inclusion body which consists generally of four to eight 
initial bodies (Fig. 1). Inclusion bodies are numerous during the acute phase 
of infection, however, low-level infections persist for several years thereafter 

Fig. 1. Proposed erythrocytic cycle of development of Anaplasma marginate. The initial body 
enters erythrocyte by invagination of cytoplasmic membrane and in the process forms parasitic 
vacuole. In the vacuole, initial body multiplies by a binary fission-like process and forms an 
incl usion body. 
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Fig. 2. An electron micrograph of an ultrathin section of marginal Anaplasma body in bovine 
erythrocyte. Note that the marginal body is composed of five initial bodies. X 50 000. 

(Fig. 2). Of the three anaplasma species, A. matginalc is the most pathogenic 
for cattle. Anaplasma centrale causes a relatively" mild" form of bovine 
anaplasmosis in Africa and Anaplasma ovis is the cause of ovine and caprine 
anaplasmosis. 

Paranaplasma caudatum (genus Paranaplasma) was initially found in Oregon 
cattle in a mixed infection with A. ma!ginale. Inclusion bodies of P. caudatum 
have appendages usually in the form of a tapering tail, a loop, or a ring, 
demonstrated only by use of special techniques. Studies in our laboratory 
showed that manifestation of P. caudatum appendages is a function of bovine 
host erythrocytes and does not occur in infected deer erythrocytes (Carson et 
al.,I974). 

The various anaplasma organisms have at least one species-specific antigen 
and are senstitive to the tetracycline group of antibiotics. Anaplasmas mor
phologically resemble other hemotropic rickettsiae, i.e., Haemobartonella and 
t.pe/yrhrozoon groups of organisms, and share common antigens with these 
agents. Ristic (1960, 1968, 1970) has compiled general reviews on anaplas
mosis, the parasite itself, and the host response. 
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Host Range and Properties 

Infections with A. marginale are wide-spread throughout tropical and subtro
pical regions of the world. In addition to cattle, the organism may infect zebu, 
water buffalo (Babalus babalis), bison (Bison bison), African antelopes, gnu 
(Connachaetes gnou), blesbuck (Damaliseus pygargus albili'ons), duiker (Sylvica
pm grimmia), American deer (southern black-tailed Rocky Mountain mule 
deer), Virginia white tailed deer (Odoeoileus sp.), elk (Alees alees), camel 
(Camelus baetrianus) and wildebeest (Connoehaetes taurinus). Sheep and goats 
may develop a transitory, subclinical infection. The African buffalo (Syneerus 
eafler) is refractory. Common laboratory animals, rabbits, guinea pigs, rats, 
mice, dogs, ferrets, cats and chickens, all are refractory to infection with A. 
marginale. 

Infectivity of A. marginale can be destroyed by heating the organism at 
60 DC for at least 50 min, by exposure to sonic oscillation at 35 a C for at least 
90 min, or by X-ray irradiation at 100,000 R or higher. Histochemical analysis 
of A. marginale reveals DNA, RNA, protein and organic iron. Deoxyribonu
cleic acid from isolated marginal bodies and calf erythrocytes infected with A. 
marginale was found to be double stranded and to contain 51 moles percent 
guanine plus cytosine. 

Anaplasma marginale can be preserved for at least 4 years by low tempera
ture freezing of parasitized blood to which glycerin and/or dimethylsulfoxide 
(DMSO) has been added. 

Some indications on metabol ism of A. marginale are derived from in vitro 
studies with labeled amino acids. Relatively high levels of uptake of radioac
tive isoleucine, glycine, and methionine were detected in trichloracetic frac
tions of partially purified anaplasma bodies, indicating that the parasite is 
capable of protein synthesis outside its erythrocytic environment. Total ade
nosine triphosphatase (ATPase) activity associated with erythrocyte mem
brane was significantly increased during anaplasmosis. The increase in 
A TPase activity was partially attributed to A. marginale. 

Because the host cell of anaplasma, the erythrocyte, is deprived of nucleus, 
mitochondria, or endoplasmic reticulum, it is postulated that the organism 
possesses numerous metabolic capabilities. Smith et al. (1972) studied biochem
ical environment of the organism by measuring enzymatic activity of erythro
cytes in cattle infected with A. marginale. The enzymes included eight in the 
glycolytic pathway, two in the hexose mono phosphate pathway, and two in 
other pathways. Activity did not change significantly for all enzymes during 
the incubation period, but all enzymes except pyruvate kinase were elevated 
significantly during reticulocytosis. 
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Fig. 3. Samples of Anaplasma marginale propagated in cell cultures. Note multiple erythrocytic 
infections with inclusion bodies varying in size and position with reference to the periphery of the 
erythrocyte. Also present are a few extraerythrocytic organisms. Giemsa (a + b) and fluorescent 
antibody staining method (c). x 1000. 

In Vitro Cultivation 

Oyer the years, various efforts were made to maintain and/or cultivate in vitro 
A. marginate. Cell culture systems of mammalian origin included bovine bone 
marrow, rabbit bone marrow, and bovine lymph nodes. Although some suc-
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cesses were reported, studies were not continued and there is no information 
on results being reproduced by other investigators. Cultures derived from the 
mosquito Aedes a/bopictus were also used for cultivation of A. marginate. When 
erythrocytes from a calf in the acute phase of anaplasmosis were introduced 
in the above system, cultured mosquito cells phagocytized both infected and 
uninfected erythrocytes. The organism remained viable in these cells, as 
determined by calf inoculation, for 21 days. 

None of the above systems produced evidence of active replication of A. 
marginale. Recently Kessler et al. (1979), and Kessler and Ristic (1979) used a 
modification of a method for propagation of Plasmodium falciparum to culture 
A. marginale. In various trials, which employed different procedures for dilut
ing the original inoculum by serial passages, the organism was maintained in 
vitro between 28 and 60 days. A maximum intraerythrocytic parasitemia 
increase of more than 1000% was produced. Multiple erythrocyte infections 
with inclusion bodies varying in size, arrangement and position were abun
dant. Organisms on or in proximity to erythrocytic membrane were also 
present. Actual invasion of new erythrocytes by the organism was demon
strated by using the attenuated A. marginale which transgressed from ovine 
into bovine erythrocytes and developed in the latter cells. Slides of samples 
stained by Giemsa and fluorescent antibody methods were used to reveal the 
organisms (Fig. 3). Spectrophotometric and electron microscopic examination 
of culture medium revealed a considerable quantity of extraerythrocytic ana
plasma bodies being produced by the system. Thus the true quantum of 
parasitic mass produced by this cell culture system is greater than that 
revealed by enumeration of intraerythrocytic forms. The organisms of 30- to 
60-day-old cell culture consistently induced infections in susceptible cattle. In 
all instances, incubation periods and the virulence of the organism were 
similar to those produced by infections with whole blood derived from an 
animal in the acute phase of disease. Adaptation of the organism for in vitro 
growth was increased by alternate passages between the host and the cell 
culture. 

Arthropod Vectors and Epizootiology 

Experimentally, at least 20 tick species have been shown to transmit anaplas
mosis, although field evidence indicating the tick as the principal disease 
vector is lacking. Histochemical staining, fluorescent antibody methods, and 
electron microscopy have been used for identification of the organism in the 
tissues of vector ticks. The organism was demonstrated in the gut contents 
and in the Malpighian tubules of engorged Dermacentor andersoni ticks; 
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however, very little is known regarding its developmental life cycle (Ristic, 
1968). Experimental and epizootiological evidence incriminates horseflies (Ta
banus sp.) as the most significant insect vector of anaplasmosis. Transmission 
by flies is affected by the direct transfer of blooed from infected to susceptible 
cattle and must take place within a few minutes after feeding on an infected 
animal. Experimental evidence of transmission was also produced with stable 
flies (Stomoxys), deerflies (Ch,ysops), horseflies (S;phona), and mosquitoes of 
the genus Psorophora. In more recent studies, transmitting abilities of mos
quitoes (Anopheles quadremaculatus), the tick (Dermacentor anderson;) and 
horse flies (Tabanus sp.) have been comparatively examined. The tick trans
mitted the infection more readily by far than the two hematophagous insects 
(Peterson et al., 1977). 

In addition to carrier cattle, wild deer have been shown to play an important 
role in the epizootiology of anaplasmosis. Extensive studies in California 
indicate that anaplasma may survive in nature in the absence of cattle 
through deer-to-deer transfer via appropriate vectors. Transmission of infec
tion from deer to cattle has also been demonstrated by several investigators 
(Ristic, 1968). 

Pathogenesis 

Pathogenesis of anaplasmosis in adult cattle can usually be divided in discrete 
intervals. The incubation or prepatent period seems to be indirectly related to 
the quantum of parasitic mass used to infect the animals. Under laboratory 
conditions using needle-induced infections with carrier blood, this period lasts 
3 to 5 weeks. The patent period which follows is usually more intense and 
longer lasting in adult cattle than in calves. 

During the patent period, infected erythrocytes are rapidly removed from 
the circulation by phagocytes of the reticuloendothelial system, especially of 
the spleen. Maximal anemia occurs 1 to 6 days after the peak of parasitemia, 
at which time an increasing number of apparently intact anaplasma-free 
erythrocytes are phagocytized by macrophages of the spleen and bone mar
row. This new clearance mechanism, which apparently contributes greatly to 
the reduction of hematocrit values, arises in part from an autoimmune pro
cess which may develop during the course of the infection. Increasing anemia 
may persist for 4 to 15 days; during this period, animals may lose up to 70% 
of their circulating erythrocytes (Ristic, 1980a). 

In animals which survived the patent phase of the disease, convalescence 
began with accelerated hematopoiesis characterized by reticulocytosis, macro
cytemia, and granulopoesis. Recent studies in cell-mediated immunity (CMI) 
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showed that mature cows which demonstrate an early response in the CMI, 
occurring prior to or concurrently with the beginning of the patent period, 
survived infection with virulent A. marginale. On the other hand, similar 
cows which had little or no evidence of an early CMI response died of the 
disease (Ristic and Carson, 1977). Thus, it appears that the competence of the 
reticuloendothelial system and immunologic responsiveness of individual ani
mals are the factors governing the outcome of the patent stage of anaplasmo
sis in an adult cow. The patent period is followed by a gradual convalescence. 
Convalescence usually lasts 1 to 2 months, but in aged animals it might be 
prolonged to 3 or more months due to parasitic recrudescence. 

It is generally agreed that both parasitemia and anemia is mild in young 
calves following experimental infection with virulent A. marginale. Various 
evidence, in most cases hypothetical, can be advanced to explain this young 
age resistance to anaplasmosis. Among possible factors are promptness of 
immune response being greater in young cattle ~ competence of thymus func
tion, particularly as this relates to cell-mediated immunity ~ vigorous erythro
poietic bone marrow activity, and the protective role of fetal hemoglobin. 

In the field, however, infections and clinical disease have been observed in 
young calves and in certain regions of South America these are known to 
cause actual economic iosses. Successful intrauterine infection was accom
plished by inoculating a 100-day-old bovine fetus in utero with blood containing 
70% erythrocytes infected with A. marginale. At 41 days after inoculation, 
the fetus was removed from the cow by Caesarean section. The fetal serum 
reacted in the amplasmosis complement fixation (CF) test, its erythrocytes 
contained anaplasma bodies, and the whole fetal blood was infectious for a 
susceptible calf. The possibility that inoculation of the fetus may have 
resulted in damage of the uterine wall permitting passage of maternal anti
bodies into fetal circulation was ruled out on the basis of a considerable 
discrepancy of CF titer between the dam and the fetus. As a sequel to this 
finding is a report of naturally acquired clinical anaplasmosis in a 4-day-old 
calf. The infection has apparently been contracted ante-natally. This calf 
showed weakness in both front and hind legs, 30 to 40 % of its erythrocytes 
contained A. marginale bodies, and its blood serum was positive in the 
anaplasmosis agglutination test. Infections via ocular route have been 
described and this may be a factor during terminal pregnancy and delivery 
(Ristic, 1980a). 

Role of the spleen 

The spleen appears to be the principal organ involved in limiting the uncon
trolled spread of the anaplasma during the acute phase of infection. This role 
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is best illustrated by the fact that if splenectomized and nonsplenectomized 
calves are each injected with comparable numbers of the organism, the 
splenectomized calves undergo a more severe and frequently fatal attack, 
while the nonsplenectomized animals show less severe signs of the disease 
and usually survive. Occasionally splenectomy has been used in the field to 
demonstrate latent anaplasma infections. The second role of the spleen is to 
maintain continuous control of parasitic crises during the convalescent and 
carrier phases of anaplasmal infections. This function possibly contributes to 
the production and maintenance of the extrasplenic cellular and humoral 
elements necessary to control the infection efficiently at the latent level. 

Clinical Forms 

There are mild, chronic, acute, and peracute forms of anaplasmosis which are 
grouped according to variations in the severity and duration of the disease. 
The malady is generally mild in calves up to 1 year of age; acute but rarely 
fatal in cattle up to 2 years of age; acute and occasionally fatal in cattle up to 
3 years of age, and often peracute and frequently fatal in cattle over 3 years of 
age. 

The signs of acute anaplasmosis usually consist of anemia, weakness, 
febrile reaction, constipation, icterus, inappetence, depression, dehydration, 
labored respiration, and abortion. The acute crises often occur unexpectedly, 
with no prior evidence of illness. In bulls, temporary infertility has been 
observed. 

Peracute anaplasmosis constitutes the most severe and usually fatal form of 
the disease. It occurs frequently in purebred animals or in high-producing 
milk cows, which succumb within a few hours after the onset of infection. In 
addition to anemia, milk flow is suspended, extensive salivation and very 
rapid respiration are noted, and animals so affected often exhibit irrational 
behavior and signs of nervousness. 

Necropsy Findings 

Gross pathological changes are typical of an acute anemia in which erythro
cytes are removed by the reticuloendothelial system. The prominent changes 
are icteric mucous membranes, enlarged spleen, and obstructed gall bladder. 
Petechial hemorrhages may be observed on the epicardium and pericardium, 
and the heart is usually pale and flabby. 
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Diagnosis 

During the acute stage of anaplasmosis, the diagnosis is made on the basis of 
clinical symptoms, hematocrit test, and microscopic examination of stained 
peripheral blood films for intraerythrocytic Anaplasma inclusion bodies. Giem
sa staining is the oldest and most frequently used method (Fig. 4). Other 
staining methods include toluidine blue, and acridine orange. The latter 
method requires an ultraviolet microscope for visualizing the marginal ana
plasma bodies. 

In contrast to the ease with which acute forms of anaplasmosis are recog
nized, identification of the carrier stage is difficult. Although carrier cattle 
serve as reservoirs of infection, they cannot be clinically differentiated from 
unifected cattle and anaplasma usually cannot be demonstrated in blood films 
from the carriers. Various soluble and corpuscular antigens extracted from the 
blood of infected animals have been used for serologic diagnosis of anaplasmo
sis. Currently used tests are complement fixation (CF), capillary tube aggluti
nation (CA) and card agglutination (CT) (Ristic, 1968, 1980a). 

These tests are relatively accurate means of detecting subclinical carriers of 
A. mal-ginale. The CF test is used in the laboratories with trained personnel 
while CA and card tests are useful diagnostic tools in the field. The CA test 

Fig. 4. Blood film of a cow with acute anaplasmosis stained by Giemsa method. Note A. 
marginate usually situated in close proximity to the erythrocyte membrane. X 1100. 
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Fig. 5. Anaplasmosis capillary tube agglutination (CA) reactions. For routine field diagnosis, 
undiluted serum samples are used. Three degrees of positive reactions and a negative sample are 
shown. 

was also effectively used to detect anti-anaplasma antibodies in the colostrum 
and milk of carrier dams. Serologic results suggest a colostral transfer of 
noninfectious (sterile) immunity from the dams to their calves (Fig. 5). 

Immunity 

In most cases, immunization with killed vaccines against the facultative 
intracellular parasites neither stimulates cell-mediated immunity (eM!) nor 
gives marked protection against challenge infection. Live vaccines are highly 
active in both respects. It is also significant that immune serum confers little, 
if any, protection against any of these agents. Serums from animals conval
escing from anaplasmosis are active in precipitation, agglutination, comple
ment fixation, and fluorescent antibody tests. However, transfer of sera from 
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immune to susceptible animals does not seem to confer protection against the 
infection and development of the disease. It may appear, therefore, that 
antibodies which coat naked parasites or cells harboring parasites have no 
protective capacity. Observations based on passive protection obviously are 
incomplete and to a degree misleading. One logically expects that antibodies 
interact in vivo with the macrophage system in bringing about anti-parasitic 
action. 

The classical concept of protection in anaplasmosis has been that mainten
ance of protective immunity depended upon maintenance of the carrier state 
"infection immunity." Recently several laboratories reported that anaplasma 
carriers which were freed from virulent organisms by chemotherapy demon
strated considerable protection to challenge. In a similar study conducted in 
our laboratory, two previous carrier cows were challenged with virulent A. 
marginale. A prompt response was noted in the leukocyte migration inhibition 
(LM!) test after the challenge and the animals were clinically protected. These 
and other experiments indicate that CMI response in anaplasmosis seems to 
parallel anti-bacterial cellular immunity in the requirement of living cells to 
produce a continuous stimulus with concomitant and residual sensitivity of 
circulating leukocytes subject to an anamnestic secondary response. Lasting 
protection is seemingly afforded only by the presence of a carrier state 
following active infection with virulent A. marginale or the attenuated vacci
nal agent. 

Based upon the above observations, one could propose possible immuno
logic sequences in the development of protective immunity in anaplasmosis. 
An initial exposure of cattle to replicating A. mGlginale (virulent or attenuated 
organism) presents the host reticuloendothelial system with sufficient initial 
antigenic stimulus to induce a CMI response which may serve as the protec
tive mechanism in concert with the simultaneously induced humoral 
response. Continuous antigenic stimulation results from the perpetual low
level infection. Correlation of protection and CMI, as measured by the LMI 
test, implies the presence of an in vivo mechanism which is directed toward 
neutralization of the invading organism. Humoral antibody may serve as 
opsonins in promoting the phagocystosis of A. marginale-infected erythrocytes 
by macrophages which have been "stimulated" and are attracted to that 
particular area by Iymphokines released from sensitized lymphocytes. Reexpo
sure to A. marginale stimulates memory T lymphocytes to multiply and afford 
a magnified protective response due to the increased numbers of sensitized 
lymphocytes capable of specific response. 
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Immunologic Aspects of Anemia 

It has been known for many years that the severity of anemia in infected 
animals was not always proportional to intensity of parasitemia. Fixed and 
free-serum autohemagglutinins have been demonstrated in anaplasma
infected cattle and proposed that anemia might be, in part, of immunologic 
etiology. It was then shown that autohemagglutinins apparently contributed 
to the onset of erythrophagocytosis in the spleen and bone marrow of infected 
animals. Opsonins were found in the serum of infected cattle and by an in 
virro test demonstrated that these induce phagocytosis of normal bovine 
autologous and homologous erythrocytes. Further studies showed that the 
opsonins could be eluted from erythrocytes of infected animals before they 
were detected in the serum. The detection of opsonins in the erythrocytic 
eluate and serum preceded the appearance of parasites in the peripheral blood 
and the onset of anemia. Maximal opsonic titers coincided with the anemic 
crisis (Morris et al., 1971). These findings of an apparent role of immunologic 
elements in the pathogenesis of anemia in anaplasmosis are further streng
thened by more recent data in which cell-mediated cytotoxicity to 51Cr 
labeled autologous erythrocytes was demonstrated (Ristic, 1980b). 

An analysis of all immunologic data in anaplasmosis indicates that in the 
course of the disease, immune responses contributing to the development of 
anemia appear first to be followed by protective immune elements which 
become most pronounced after recovery of the acute phase of the disease. 
With the attenuated A. mQ/ginale vaccine, the latter protective immune 
responses are equally pronounced as with the virulent agent but the mild 
nature of the agent seems to instigate development of little, if any, anemia 
associated immune factors. Only transient and low levels of anti-erythrocyte 
cytotoxicity mediated by lymphocytes and humoral elements takes place 
following administration of the attenuated A. malginale (Ristic, 1980b). 

Immunization 

Prophylactic immunization against anaplasmosis used naturally occurring 
A naplasma species (premunization), laboratory-attenuated A. marginale of 
ovine origin, and inactivated A. marginale of bovine and ovine origin. 

Naturally occurring Anaplasma marginale and A. centrale 

Early use of field isolants of anaplasma for premunization consisted of inject
ing blood from known carriers into susceptible cattle. This procedure pre-
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sen ted a certain risk, since it was often necessary to control the initial 
infection with drugs so subsequent recovery and development of the carrier 
state could occur. A method for premunization using a small inocula to 
induce protection has also been reported but later results indicated that severe 
disease and mortality can result from even very small doses of A. margi
nale. 

Prior infection with A. centrale did not prevent infection with A. mmginale 
but reduced the severity of the superimposed disease. On this basis, Theiler 
(1910) developed the method of A. centrale vaccination which is still used in 
several countries. Variable resistance to A. marginale resulting from vaccina
tion with A. centrale was later described. Furthermore, it was observed in 
Australia that cattle inoculated with A. centrale (South African strain) devel
oped severe symptoms of the disease. Anaplasma marginate and A. centrale 
have more recently been compared on a clinical, hematological, and serologi
cal basis. Heterologous challenge in all cases produced a definite hematologi
cal reaction but A. centrale usually reduced the severity of a subsequent A. 
marginale challenge. 

Laborato/y attenuated Anaplasma marginale 

Detailed description of the development of the attenuated A. mmginale from 
the virulent Florida anaplasma isolant is reported elsewhere (Ristic, 1968). 
The basic methodology used for attenuation of the Florida isolant has been 
0) induction of an apparently accelerated rate of mutuation of the organism 
by exposure to irradiation; and (2) selection of an avirulent A. marginale strain 
by serial passage of irradiated organisms in splenectomized deer (two pas
sages) and sheep (138 passages). Lots of sheep blood-derived seed material of 
established immunogenicity, growth pattern, and safety were preserved by 
storage in liquid nitrogen. For vaccine production, the seed material is reacti
vated in splenectomized sheep, using four to five passages at 7- to 9-day 
intervals. The vaccine is dispensed in liquid nitrogen and inoculated intra
muscularly in 1- to 2-ml doses. The prepatent period in inoculated animals 
varies between 4 and 6 weeks after which the organism may be detected in 
approximately 0.5 to 8% of the peripheral blood erythrocytes. Vaccinated 
animals mount strong humoral and cell-mediated immune response (Fig. 6). 
A slight hematocrit decrease usually not exceeding 5 to 10% of the preino
culation value, generally occurs. These manifestations are transitory and are 
in evidence for 1 to 2 weeks. On challenge with the virulent agent, vaccinated 
animals are not clinically affected. 

A series of laboratory and field experiments conducted in the United States, 
Peru, Venezuela, Colombia, Mexico (Ristic and Carson, 1977), and Brazil 
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Fig. 6. Hematocrit, percentage of parasitemia, percentage of leukocyte migration inhibition (LMI), 
and results of capillary tube agglutination tests for an adult cow following vaccination with the 
attenuated A. marginate and challenged with virulent A. marginate. Note a prompt cell-m~diated 
immune response following vaccination as measured by the LMI test and clinical protection 
following challenge. 

(Novas, 1978) have shown that the immune response induced by this vaccine 
protects adult susceptible cattle against challenge with virulent endemic 
strains. 

Inactivated Anaplasma marginale of bovine and ovine origin 

Use of a vaccine containing killed anaplasma organisms has been described in 
Africa (McHurdy and Simpson, 1973) and the United States (Brock et al., 
1964). The United States vaccine presently used commercially, Anaplaz, * was 
prepared from blood of infected animals collected at the peak of parasitemia. 
Blood cells were washed, lysed, and lyophilized. The desiccated material was 
reconstituted with an oil adjuvant. Two doses of the vaccine were given 
subcutaneously at 4- to 19-week intervals. A degree of protection from the 
clinical signs of anaplasmosis has been reported to be afforded 2 weeks after 
the second injection. Vaccinated animals became carriers after field challenge. 
An annual booster injection is also recommended. Studies of the vaccine in 
our laboratory showed that on challenge, vaccinated animals developed lower 

* Ft. Dodge Laboratories, Ft. Dodge, IA. 
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parasitemia, however , the anemia was equally pronounced as that in non
vaccinated controls. Aside from its low protective effect, the greatest draw
back of this vaccine is induction of isoimmunization and erythrolysis due to 
the bovine blood group components which it contains (Dennis et al., 1970). 

A preparation similar to Anaplaz was developed in our laboratory using 
ovine erythrocytes infected with the attenuated A. marginate. The Anaplaz 
adjuvant has been used to reconstitute the lyophilized material and the 
aforementioned vaccination regimen followed. A degree of resistance to 
development of parasitemia has similarly been detected after challenge with 
virulent A. marginale. Cattle inoculated with this vaccine, however, did not 
develop isoimmunity to bovine erythrocytes. 

Very recently, a new method of vaccination against anaplasmosis using 
soluble organism-free cell culture derived A. marginale antigen was developed 
in our laboratory. The immunogen appears to be a surface coat antigen of the 
initial Anaplasma bodies. The antigen is apparently essential for attachment 
and entry of the organism into erythrocytes. Isoimmunization and other side 
effects caused by the Anaplaz are eliminated by this new procedure. 

Treatment 

Prior to the development of tetracyclines, many chemotherapeutic com
pounds, i.e., arsenicals, antimalarials, antimony derivatives and dyes have 
been employed in an effort to treat acute froms of anaplasmosis. Supportive 
therapy, including hematinics, electrolytes, and whole blood transfusions were 
similarly used as additives to chemotherapy. 

Two new compounds, Gloxazone t (alpha-ethoxyethylglyoxal dithiosemicar
bazone) and Imidocarb t-3,3'-bis (2-imidazolin-2-yl) carbanilide dihydrochloride 
or dipropionate), have been described as having a specific chemotherapeutic 
effect on anaplasma. These drugs, however, are not approved for commercial 
sale and consequently are available for experimental studies only. 

The tetracyclines, oxytetracycline, chlortetracycline, and tetracycline are the 
only effective drugs for treatment of bovine anaplasmosis. The tretracyclines 
can be used parentenilly and orally to treat both acute and latent infections. 
The application of these compounds on animals during the acute phase of the 
disease will retard and inhibit the cycle of development of the parasite and 
usually alleviate occurrence of severe parasitemic and anemic crisis, assuming 
the drugs were administered early in the course of the disease. In latent 

t Burroughs Wellcome Co., Research Triangle Park, NC. 
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Table 1. Successful treatment regimens, utilizing tetracycline drugs for elimination of Anaplasma 
marginale carrier status. 

Number 
Total drug (g) 

Drug Route oj daily 
Dosage. to eliminate 
mg/kg/day infection in a 400 kg 

treatments bovine animal 

Chlortetracycline Oral 41 2.2 36.1 
Chlortetracycline Oral 120 1.1 52.8 
Chlortetracycline Oral 60 3.3 79.2 
Chlortetracycline Oral 45 5.5 99.0 
Chlortetracycline Oral 60 5.5 132.0 
Chlortetracycline Oral 30-60 11.0 132.0-264.0 
Chlortetracycline IV 16 33.0 211.2 
Tetracycline IV or 1M 10 11.0 44.0 
Oxytetracycli ne IV or 1M 12-14 11.0 52.8-61.6 
Oxytetracycline IV 5 22.0 44.0 

Modified from Magonigle et al. (1975). 

infections, the dose of drugs and the number of treatments can be calculated 
to eliminate the organism completely (Magonigle ef at., 1975). 

Consistent elimination of latent infections by oral application of tetracy
clines on a herd basis is frequently difficult to attain because of differences in 
consumption of medicated feed by individual animals. It appears important 
that the drug be mixed with highly palatable feed supplement so all cattle 
obtain the needed medication by free-choice feeding. The feeding of high 
levels of chlortetracycline (11 mg/kg/day) is an effective method for reducing 
the incidence and transmission of bovine anaplasmosis (Table 1). Disappea
rance of specific antibodies from the serum of treated animals, as revealed by 
serologic tests, can be used as a means of determining that anaplasma has 
been eliminated from such an animal. Agglutinating antibodies in card agglu
tination (CT) and capillary tube agglutination (CA) tests subside faster than 
complement fixing (CF) antibodies following destruction of the organism by 
chemotherapy. 
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28. HEAR TW A TER DISEASE 

G. Uilenberg 

Abstract. Heartwater, or cowdriosis, is one of the main causes of death in imported 
and improved cattle in Africa south of the Sahara. It is an acute febrile disease of 
ruminants, associated with nervous, intestinal and pulmonary disorders, caused by the 
rickettsia Cowdria ruminantium, and transmitted by several species of Ab/yomma 
ticks. 

Local cattle in endemic regions have acquired considerable resistance through long 
natural selection. Endemic resistance withou t clinical disease is not attained in suscep
tible breeds. Only very young calves possess a considerable degree of age-resistance to 
the disease. Solid or partial protective immunity, lasting for several years, follows 
recovery. The nature of protective immunity is unknown. 

The course of the disease, the post-mortem lesions and the pathogenesis of heart
water are reviewed. Unequivocal diagnosis of heartwater is possible only by the 
microscopical demonstration of rickettsial colonies in endothelial cells of blood vessels, 
especially in the capillaries in smears of brain cortex. 

Acaricidal control of the vectors must be frequent and efficient if heartwater trans
mission is to be prevented. Immunization of cattle by infection and treatment is 
possible, but the method is rather unsatisfactory, unsuitable for application on a large 
scale, and far from optimally safe and effective. Attempts at attenuation of strains 
have failed. Tetracyclines are the best available drugs for treatment, but their action is 
slow and chemotherapy commonly fails if delayed until typical nervous systems have 
developed. 

Disease 

Heartwater is an acute rickettsial disease of ruminants in Africa south of the 
Sahara, It is caused by Cowdria ruminantium and transmitted by at least five 
species of Amblyomma ticks. The name is derived from the frequent occur
rence of hydropericardium. Other names are cowdriosis and, less specifically, 
malignant rickettsiosis of ruminants. It is the most important tick-borne 
disease of cattle in many regions and is relegated to second place only in 
areas where pathogenic theilerias occur. Since Cowdry (1925) first discovered 
the causal agent, several authors have reviewed the literature (Alexander, 
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Fig. 1. Cowdria ruminantum. Groups of organism of intermediate size in brain capillary. Giemsa 
staining method. X 2200. (Original.) 

1931; Curasson 1943; Haig 1955; Henning 1956; Neitz 1968; Andreasen 
1974; IIemobade 1976; Uilenberg 1971, 1977; and Ramisse and Uilenberg 
1971). 

Etiology 

Heartwater is caused by the rickettsia Cowdria ruminantium (Cowdry, 1925). It 
occurs in close-packed colonies in the endothelial cells of blood vessels in 
various organs (Fig. 1). The number of granules in one colony varies from 
less than 10 to several hundreds. The rickettsias in one group are usually of 
similar size, but the individual diameter varies from group to group from 
approximately 0.2,um to over 1.5 ,urn. Viewed with the light microscope, the 
smaller granules are coccoid, larger ones also occurring as rings, horseshoes, 
rods and as irregular masses. The differences in size and shape suggest the 
possibility of a growth cycle. Multiplication appears to be mainly by binary 
fission. There are suggestions that Cowdria may initially develop mainly in 
reticuloendothelial cells of the lymph nodes, before invading endothelial cells 
of the vessels, and the organism has been reported to occur in various other 
cell types, including macrophages, monocytes and cells of the renal tubules. 
Although animal inoculation shows that the organism also occurs in the 
blood, it cannot be detected microscopically in blood smears. Most workers 

346 



20°- __ ~-------------------------------~~---------20o 

2oQ------~~---~---~--__\____~~~--, -,' ,c' 

___ ~J 
Fig. 2. Approximate distribution of the five known vectors of heartwater disease in Africa as 
recorded by Morel (1969). (Adapted.) 

now seem to agree that it is associated with blood leukocytes, but there are 
conflicting experimental results; it has also been demonstrated to occur, 
although not consistently, in the plasma. 

Little work has been carried out on the distribution and cycle of C. 
ruminantium in the tick vector. Its presence has been demonstrated in the tick 
intestine. Eearly suggestions that it is inoculated by regurgitation from the 
alimentary canal are supported by recent work in South Africa, where saliva 
was found to be rarely infected and then only slightly so (Bezuidenhout, 
personal communication, 1979). 

Distribution 

Heartwater has been reported from many countries in Africa south of the 
Sahara, but in most areas little is known about the incidence of infection and 
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disease because of deficient diagnosis and because its existence often is 
recognized only after the introduction of particularly susceptible foreign 
breeds of ruminants. Large numbers of these were first introduced into South 
Africa, and for this reason the disease has been most extensively studied in 
this country. The potential, and possibily the actual distribution of heartwater, 
covers at least that of the tick vectors Amblyomma hebraeum, A. variegatum, 
A. pomposum, A. gemma, and A. lepidum; because of their various ecological 
requirements, these ticks occupy most of Africa South of the Sahara as well 
as Madagascar and other off-lying islands (Fig. 2). Amblyomma variegatum has 
been introduced into the Caribbean region (e.g., Guadalupe, Antigua, Puerto 
Rico) and cowdriosis has recently been demonstrated to occur on Guadalupe. 
Reports on its occurrence in southeastern Europe have not been confirmed. 
The assumption that it might be endemic in the Near East, as blackheaded 
" Persian" sheep proved to possess considerable resistance to heartwater 
when they were first introduced into South Africa (Alexander, 1931), may be 
based on a misunderstanding of the origin of this breed, which appears to be 
unknown in Iran (A. Rafyi, personal communication, 1977), but is common 
in the endemic regions of the Horn of Africa and East Africa. 

Susceptibility 

Apart from cattle, other domestic ruminants such as sheep, goats and Asian 
buffalo, are susceptible to infection and the disease is in fact as important for 
sheep and goats as it is for cattle. The susceptibility of the camel has been 
suspected, but not proved. Some species of African antelopes (as well as 
European fallow deer) have been shown to be susceptible to experimental 
infection; although the antelopes usually did not show clinical symptoms, 
natural fatal cases of the disease have been seen in springbuck and eland 
antelope. 

Animals other than ruminants are refractory or difficult to infect. The rick
ettsias may survive in laboratory rodents for as long as 3 months, but 
infection is latent and' can be demonstrated only by subinoculating ruminants. 
Serial passage in rodents of such latent infections has always failed, except for 
one instance in Madagascar where a large number of serial passages was 
achieved in cortisone-treated mice; this was possible only when intravenous 
subinoculation with blood was adopted (1.1. Ramisse, unpublished reports, 
1970-1973). Even then, the mice did not show any clinical sign of disease and 
the micro-organism could not be detected microscopically in their tissues. 
There are some reports of C. ruminantium clinically affecting various labora
tory animals, with microscopic detection of the organism in affected animals. 
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Evidence of the infection being that of C. ruminantium was not given, or was 
not quite convincing (Du Plessis and Kumm, 1971). Andreasen (1974) claims 
that the Malagasy strain, used by Ramisse, was pathogenic to congenitally 
athymic "nude" mice, and that he actually found the organism in such 
mice; so far it has not been possible to duplicate this work in our laboratory 
with a Nigerian and a South African strain. 

Epidemiology 

As far as is known, heartwater disease occurs in Africa only; thus the natural 
reservoir of the disease is undoubtedly to be found in wild African ruminants. 
Nevertheless, domestic ruminants alone suffice to maintain the disease at a 
high level of incidence, as is the case in Madagascar where wild ruminants do 
not occur. 

Experimentally, five species of Amblyomma were shown capable of trans
mitting C. ruminantium. The elephant tick, A. tholloni, has recently been 
shown in Zimbabwe to be an experimental vector. A few other African 
Amblyomma spp. occurring on wild ruminants have adapted themselves 
locally to domestic cattle and might prove to be vectors, extending even more 
the potential distribution of the disease; this is, for example, the case with A. 
as trion on the islands of Sao Thome and Principe, and A. cohaerens in parts of 
Ethiopia. Heartwater ,has recently also been transmitted in our laboratory by 
an American tick, Amblyomma maculatum (unpublished). 

Amblyomma spp. are three-host ticks. It is generally accepted that transmis
sion is transstadial only, so that unfed larvae are always free of infection. 
However, recent work at Onderstepoort has shown transovarial transmission 
in one conclusive experiment (J. D. Bezuidenhout, personal communication, 
1979). Transovarian transmission is probably infrequent. A larva feeding on 
an infective ruminant is able to transmit the disease not only in the next 
instar, the nymph, but is stilI infective in the adult stage, even if the nymphal 
feeding took place on a non-susceptible species of animal. On the other 
hand, as larvae commonly feed on non-susceptible animals, it is often the 
nymph that first acquires infection and in that case, only the adult transmits 
the disease. As is known in some other tick-borne diseases, infected ticks do 
not start to transmit the disease immediately upon attachment. They usually 
feed for a variable period of time before transmission occurs. This has prac
tical implications for the frequency of acaricidal treatment necessary to stop 
disease transmission in the case of babesiosis and theileriosis, where this 
pretransmission feeding period is commonly a matter of days, but this does 
not appear to be so in heartwater where the period is said to be less than 24 
hours (Neitz, 1968). 
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Artificial transmiSSion is possible by means of blood and tissues of sick 
animals. All authors agree that intravenous injection is necessary in order to 
achieve reliable transmission. The subcutaneous route of infection was suc
cessfully used only with brain tissue material derived from an infected animal 
(Ilemobade, 1976). Intravenous inoculation of brain tissue emulsion usually 
kills the animal by shock. 

Local cattle in endemic regions usually suffer little mortality, a considerable 
degree of innate resistance presumably having been acquired through long 
natural selection. Only a few reliable figures are available to that effect, 
howev,er. Although Neitz and Alexander (1945) found calves of the local 
Afrikander breed susceptible to heartwater, Bonsma (1944) reports that at one 
particular breeding station only 5 % of Afrikanders were lost to the disease 
before the age of 2! years, against 60% of European beef cattle. Henning 
(1956) and Uilenberg (1971) confirm the resistance to heartwater disease of 
cattle raised in endemic areas. While most indigenous cattle are zebu, the 
resistance is not linked to any particular breed. Foreign zebu, such as Brah
man and Sahiwal, and even African zebu breeds from heartwater-free areas, 
are highly susceptible; on the other hand, African Bos taurus cattie, such as 
the Ndama and similar breeds, maintain themselves successfully in heart
water regions without tick control, contrary to European breeds. 

Calves, even of highly susceptible stock, are relatively resistant to the 
disease for a 2- to 3-week period immediately after birth. This resistance is 
independent of the immune status of the dam. Most calves infected during 
this period recover, but as the majority are not infected until later after the 
age resistance is lost, a state of endemic stability without apparent disease 
(such as commonly occurs in babesiosis) does not exist. The infection rate in 
tick populations in the field is apparently so low that individual cattle com
monly escape infection for several months (Alexander, 1931; BOllSma, 1944) 
or even years if tick numbers are not excessive (Neitz and Alexander, 1945; 
Uilenberg, 1971). The reason for the low infection rate in the field may partly 
be the fact that the blood is infective for only a limited period, approximately 
from the time the fever reaction starts until one week to two months, most 
often two to three weeks after recovery. These results have been obtained 
from studies in small ruminants; no such information is available for cattle. 
Ilemobade (1976) found the blood of one calf positive on subinoculation 19 
days after spontaneous recovery, but negative on the 34th day; another calf 
was positive up to 40 days after treatment but negative at 55 and 72 days. 
Although reinfections may cause the blood to become temporarily infective 
again, at least in sheep (Neitz et al., 1947), there is no permanent carrier state, 
so that ticks have a limited opportunity of becoming infected. Another factor 
for the low infection rate undoubtedly is the fact that a large proportion of the 
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immature stages of Amblyomma feed on non-susceptible animals such as small 
mammals, birds, and even reptiles. 

Where the vector population is low, either by acaricidal treatment or by 
unfavorable ecological conditions, sporadic cases of heartwater may occur 
with long intervals of seeming absence of the disease. The fact that infection 
may be passed on from the larva through the nymphal stage, to the adult, 
combined with the longevity of Amblyomma ticks, explains that such long 
interepizootic intervals are possible. Ilemobade (1976) found that the infection 
is maintained in fasting adults for over IS months. The disease may also be 
carried over long distances and reintroduced into pastures by nymphs on 
birds, if infection was acquired in the larval stage. 

Heartwater occurs throughout the year, but its incidence may decrease 
during the dry season in countries with pronounced seasonal climatic 
changes, which influence the seasonal activity of the different stages of the 
vector. 

Clinical signs 

Few figures are available for the length of the incubation period in cattle 
following natural tick transmission. According to Neitz (1968) fever starts on 
the average 18 days after tick infestation. The incubation period to fever 
after artificial intravenous infection may vary from I to 3 weeks. The average 
incubation period may vary according to the tick strain, at least in small 
ruminants (Neitz ef al., 1947, and other authors), and possibly also in cattle 
(Uilenberg, 1971). After the onset of fever, a period of I to 9 days may elapse 
before definite clinical symptoms are seen; occasionally typical clinical signs 
are not preceded by fever. 

The course of infection varies from subclinical to peracute. Subclinical and 
mild forms are common in local indigenous cattle of all ages, in partially 
immune animals, in very young calves of all breeds, and occur in older 
animals of susceptible breeds. If symptoms.occur, they are slight and seldom 
noticed under field conditions although the animal is febrile. On close exam
ination, the respiration rate may be increased and the animal may be listless 
to some extent, but recovers within a few days. 

At the other extreme, peracute cases are fairly common in cattle of exotic 
breeds. An animal which appears to be normal, although its temperature may 
already be high, may suddenly collapse in convulsion and die. Auscultation 
before death would in most cases have revealed the existence of lung oedema 
and the presence of exudate in the bronchi. 

In most cases in susceptible cattle, heartwater is an acute febrile disease, 
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accompanied by nervous disorders and often intestinal and pulmonary disor
ders. It starts suddenly with a high fever (often over 41 DC), which is not 
usually noticed as feeding remains normal at first. After a variable number of 
days, nervous symptoms appear, ranging from a staggering, drunken gait, 
circling movements, abnormal postures and, more rarely, aggressiveness, to 
merely frequent twitching of the eyelids, frequent sticking out of the tongue, 
a haggard facial expression, or tremors of individual muscles, which can often 
be provoked by a sudden noise or by touching the animal. Pregnant cows 
may abort. Finally the animal may collapse in convulsions with pedalling 
movements of the limbs, and frequently nystagmus, opisthotonus and chew
ing movements of the mouth. Death follows, either during the first crisis of 
convulsions or in the course of a subsequent attack, of which there may be 
several. Profuse, fetid diarrhea is frequent, and is sometimes the only clinical 
sign; the feces may be haemorrhagic. A moist cough is often noticeable and 
on auscultation bronchial rales are frequently heard. When marked nervous 
and/ or intestinal symptoms have developed, recovery is rare and the animal 
usually dies within a few days. 

In subacute cases, symptoms are similar but less marked and the disease 
may last for over a week, then, either collapse and death ensue, or the animal 
gradually recovers. 

The mortality rate varies with the virulence of the strain and the suscepti
bility of the cattle. It is usually over 50% in exotic breeds, often far more, 
while it may be only some 5 %, sometimes less, in local breeds in endemic 
areas. It is low, less than 10 % in calves up to the age of 2 to 3 weeks 
irrespective of the breed. 

The differential diagnosis varies according to the symptoms. Nervous dis
orders may simulate diseases such as rabies, cerebral babesiosis, hypomagne
saemic tetany, tetanus or strychnine poisoning. Haemorrhagic diarrhea is also 
found in coccidiosis and, in combination with the high fever and sudden 
death in peracute cases, may make blood-smear examination for anthrax 
necessary. High fever is, of course, found in many contagious and vector
borne diseases such as foot-and-mouth disease, rinderpest, theileriosis, babe
siosis, anaplasmosis, trypanosomiasis, etc., but clinical and parasitological 
examination will usually reveal the specific lesions or the causal blood para
sites associated with these diseases. The history of the herd and knowledge of 
the local disease situation is important. 

Pathology 

Lesions at autopsy are quite variable. None of them are pathognomonic, but 
the association of frequently occurring post-mortem changes may justify a 
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tentative diagnosis of heartwater, especially if suspect symptoms were 
observed prior to death. The predominant lesions reportedly vary with the 
strain of Cowdria (Alexander, 1931). 

In peracute cases the most striking lesion usually is a very marked oedema 
of the lungs and the presence of froth in the trachea and the bronchi. These 
lesions are often so pronounced that they appear sufficient to explain death by 
asphyxia. 

Hydropericardium, hydrothorax and ascites are frequent lesions in acute 
heartwater, either occurring together or singly, but they are far from being 
always present or marked. The lungs are frequently oedematous and froth in 
the respiratory passages is common. The mediastinal and the perirenal tissues 
may be oedematous. The lymph nodes are commonly swollen. Petechiae and 
haemorrhages occur in and on various organs, such as the heart, lungs and 
the gastrointestinal tract. The mucous membrane of the abomasum often 
shows local hyperaemia and scattered petechiae; marked enteritis with pete
chiae and often larger intestinal haemorrhages is common; haemorrhages may 
be present even in the rectum, in which case the feces appear haemorrhagic. 
The liver is usually engorged and the gall bladder distended. The heart 
muscle and kidneys are degenerated. The brain does not usually show any 
striking macroscopical changes, apart from frequent congestion of the menin
geal vessels; petechiae and larger haemorrhages may be seen on the cut 
surface. Alexander (1931) and Henning (1956) state that splenomegaly is 
usually present, but in our experience it is rarely seen (Uilenberg, 1971); 
Andreasen (1974) never observed enlargement of the spleen, and Ilemobade 
(1976) found it in a minority of cases only. (Many of these observations refer 
to small ruminants.) 

The pathogenesis of heartwater is poorly understood. As stated above, 
marked lung oedema may in some cases be directly responsible for death by 
asphyxia. The histopathological changes in the brain do not appear to be 
constant and severe enough to consistently explain the nervous symptoms 
associated with the disease. An important terminal decrease of the arterial 
blood pressure may be one of the main factors causing death, and is asso
ciated with an important terminal fall in plasma volume. The latter is pre
sumably due to an increase in capillary permeability, leading to the transu
dates and oedema so often seen at autopsy; these accumulations of liquid 
frequently coagulate, indicating that molecules as large as fibrinogen are able 
to pass through the capillary wall. These findings, by South African workers, 
have been obtained in small ruminants. The occurrence of toxins has been 
offered as a possible explanation for some of the lesions in heartwater, but 
their presence has so far not been demonstrated. 
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Immune response 

Most of the knowledge on immunity has been acquired in artificially infected 
small ruminants. After recovery from infection induced by inoculation of 
blood, sheep acquire immunity to artificial or natural reinfection, irrespective 
of whether the clinical reaction was mild or severe. In some animals the 
immunity wanes after 6 months, but even then the reaction to challenge is 
usually subclinical and limited to fever; partial or solid immunity may last for 
as long as 5 years. 

Alexander (1931) states that in partially immune sheep a solid immunity is 
established after two or three reinfections. A temporary rickettsaemia may 
follow reinfection, even in sheep which show no febrile reaction (Neitz et al., 
1947). 

In cattle recovered from artificial infection, cases of clinical and fatal disease 
following reinfection appear to be more common (Neitz and Alexander, 1945; 
Haig, 1955). 

As has been stated above (Epidemiology), the immunity appears to be 
sterile. After a limited period during which the blood is still infective follow
ing recovery, the organism cannot be demonstrated any more by subinocula
tion of blood, or even by scrapings of the intima of blood vessels. Neverthe
less, the rickettsias have been found in the brain of goats dying of heartwater 
up to 9 weeks after tetracycline treatment although their blood was not 
infective (Ilemobade, 1976). 

There is no definite evidence of the occurrence of immunological differ
ences between strains (unless the mouse-adapted organism of du Plessis and 
Kumm (1971) is really Cowdria), and strains from Nigerian and South Africa 
have given complete cross-protection in recent experiments in goats (A.1. van 
Winkelhoff and G. Uilenberg, unpublished). Great differences in virulence do 
exist between strains (Neitz et al., 1947). 

Nothing is known concerning the nature of the immune response. Serum 
or large amounts of concentrated gammaglobulins from hyperimmunized 
animals, administered before, after, or simultaneously with infective blood 
have no influence on the course of the disease in sheep (Alexander, 1931; Du 
Plessis, 1970). This, together with negative results obtained with the indirect 
immunofluorescent antibody test, led the latter author to the conclusion that 
humoral antibodies do not playa role in immunity to heartwater. It maybe 
significant in this connection that I1emobade (1976) found a decreased level of 
gammaglobulins in serum of affected animals suggesting an impairment of 
the humoral response. Splenectomy has no influence in heartwater. 

It has not been possible to demonstrate the occurrence of passive immunity 
in calves, and the innate age resistance of very young calves is not associated 
with the immune status of the dam. 
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Laboratory aids to diagnosis 

There is no practical and specific method for the unequivocal diagnosis of 
heartwater disease in a living animal. Two procedures used in diagnosis 
include microscopic detection of the organism in the capillaries of the brain 
cortex obtained by biopsy, or subinoculating blood of affected animals intra
venously into a susceptible ruminant. Both methods obviously have no appli
cation in the field. Moreover, as reinfection of an immune animal may result 
in its blood being temporarily infective, a positive result of subinoculation 
does not necessarily prove that the donor suffered from the disease. A 
tentative diagnosis is often possible on the clinical signs and the history of the 
herd. The finding by several authors that the number of eosinophilic granu
locytes decreases considerably during the disease (at least in small ruminants), 
may be of some help. 

There are no serological tests for demonstrating present or past infection 
except for a recently developed capillary flocculation test using brain extract 
as antigen (Ilemobade, 1976). The period during which this test is positive is 
limited to a few weeks following recovery from the disease or after reinfec
tion. 

The organism can be demonstrated after death in brain smears. When 
handling brain material of an animal which has exhibited nervous symptoms, 
the possibility of rabies should always be kept in mind and due precautions 
taken. After opening the skull, a small fragment of grey matter (of the size of 
a match head), is snipped off the surface of the brain with curved scissors, 
placed on a slide, crushed with another slide, and while pressure is main
tained the slides are drawn over each other lengthwise, which results in two 
smears. After methanol fixation and Giemsa staining, areas containing many 
capillaries are located with a low magnification and individual capillaries are 
then searched with the oil immersion lens. An oil immersion lens with a 
magnification of 40 to 60 times is useful, as it allows fast scanning; the 100 
times lens is used in case of doubt. After some experience, it is easy to 
recognize the colonies of rickettsias (Fig. 1). Their color, after Giemsa stain
ing, varies from reddish purple to blue. They may be extremely scanty, 
especially in peracute cases, and the search may have to be long. Neverthe
less, if sufficient numbers of capillaries are examined, the result is regularly 
positive in experimentally infected animals (Uilenberg, 1971). Some strains 
consistently give more colonies in brain capillaries than others. 

Sampling the cerebral cortex necessitates opening the skull, often a tedious 
exercise, especially if proper instruments are not at hand in the field. 
Schreuder (1980) has developed a method whereby samples of the cortex of 
the cerebellum can be taken through the foramen magnum, after severing the 
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head from the neck through the occipital articulation. The cerebellum can be 
seen by lifting the dorsal meninges from the medulla oblongata with forceps, 
and superficial cerebellar tissue collected with a curette, or even an ordinary 
teaspoon, inserted between the medulla and the meninges. Smears are made 
in the same way as described for cerebral cortex. Schreuder found the cere
bellum to be positive in all cases where organisms were found in the cere
brum. There are conflicting reports in the literature, some authors finding less 
rickettsiae in the cerebellum, while others find more or as many as in the 
cerebrum. 

Cowdry (1925) stated that unless samples are taken soon after death, the 
organism loses its staining properties. This myth unfortunately persists and is 
one of the main causes of insufficient sampling in the field. It is now known 
that the organisms maintain their stainability in brain kept in the refrigerator 
for up to 3 weeks, in fixed or unfixed smears kept at room temperature for at 
least a month, and in brain material kept in a freezer for several months at 
least (Uilenberg, 1971). 

Prevention and control 

Disease transmission can be prevented by control of the vector. Amblyomma 
species are three-host ticks and each stage remains on the host for a relatively 
short period. Ticks of this genus are moreover less susceptible to most 
acaricides than, for instance, Boophilus. Immature stages are indiscriminate 
feeders and may be carried over long distances on birds and wild mammals; 
adults also parasitize wild and non-target domestic mammals. Frequent acar
icidal treatment is therefore necessary to prevent all disease transmission; as 
transmission may start within a day after attachment of the tick (see Epidem
iology), dipping or spraying would have to be carried out at least every 3 days 
if the acaricide used has, for instance, a reliable residual activity of 2 days. 
Nevertheless, effective weekly acaricidal treatment will often bring down the 
disease incidence to an acceptable level. Eradication of Amblyomma ticks is 
bound to fail because of alternative hosts, and management of tick control is 
substandard in many countries. The future of vector control has been made 
more gloomy by the recent discovery of arsenic, organochlorine, and organo
phosphate resistance in African Amblyomma vectors. 

As an aid to acaricidal control of the vector, a practical and effective 
method of immunization would be of the greatest importance. Many attempts 
have been made at adapting the organism to laboratory animals or to in vitro 
culture, in the hope of attenuating it. All have failed so far. Even after 100 
serial passages in cortisone-treated mice (which succeeded only after the 
intravenous route of infection was adopted), no attenuation was achieved and 
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the virulence of the organism was also unchanged after more than a hundred 
serial passages in local Malagasy sheep (J.J. Ramisse, unpublished reports, 
1970-1974). All attempts at serial in vitro culturing have failed. So far the only 
method of immunization is infection and treatment: infective blood is inocu
lated intravenously and chemotherapeutic treatment is administered to abort 
or treat the reaction. 

As the degree of immunity does not depend on the severity of the reaction, 
and as immunological differences between strains have not been convincingly 
demonstrated, mild sheep-derived strains can be used as immunogen. Merino 
sheep, which usually have predictable and regular reactions, are most often 
used as donors. The risk of transmitting cattle diseases is also less with blood 
from sheep than from cattle. The donor should be free of infections, such as 
blue-tongue. The blood of the donor is collected into an anticoagulant on the 
3rd or 4th day of a definite temperature reaction, or earlier if nervous 
symptoms develop. Animals to be immunized are inoculated intravenously 
with 5 to 10 ml of this blood. Apart from very young calves, as outlined 
below, it is absolutely necessary to take the rectal temperature daily (early in 
the morning before it is affected by the heat of the day), and to apply 
treatment as soon as the fever reaction begins. Pregnant cows should not be 
immunized. Although sheep may be immunized safely by treating a set 
number of days after the infection, the procedure is more difficult in cattle, 
where the incubation period is more variable, and where treatment applied 
during the incubation period merely prolongs it (Uilenberg, 1971). Tempera
tures should be taken from the 7th to the 30th day after inoculation. As soon 
as a definite temperature rise occurs, specific tetracycline treatment must be 
applied (see below); treatment should be repeated the next day, and if the 
hyperthermia continues, should be given daily until the temperature has 
returned to normal. Because relapses after treatment are frequent, the temper
ature should be monitored for at least a further 2 weeks after the last 
treatment. Blood parasites such as Babesia, Anaplasma and Epelythrozoon may 
complicate matters, and if at all possible, blood smears should be examined at 
the first rise of temperature, and also if hyperthermia continues in spite of 
treatment; specific treatment against blood parasites is then applied as 
required. 

The mortality in artificially infected young calves (less than 3 weeks) is 
within the range of only 5 %. Neitz and Alexander (1945) used this knowledge 
to immunize such calves without monitoring the temperature and treating 
them. The infection and treatment method, as indicated for older cattle, 
however, should be used for highly susceptible valuable pure-bred calves. 

The immunizing strain can be maintained at low temperatures (in dry ice, 
in freezer at - 70°C or below, or in liquid nitrogen). Infective blood, to which 

357 



an anticoagulant and a cryoprotectant have been added, is frozen rapidly; 
glycerol is unsuitable as cryoprotectant but dimethyl sulphoxide (DMSO) has 
been used with success at a concentration of 10%; there are conflicting 
reports on the necessity of adding a cryoprotectant. The strain may also be 
maintained in deepfrozen brain emulsion (Ilemobade and Blotkamp, 1978); 
using DMSO as a cryoprotectant, such material is fairly regularly infective 
when injected by the subcutaneous route (personal observations, 1976-1980). 
The most reliable material appears to be supernatant of homogenized 
engorged infective ticks, frozen with 10% DMSO, which is consistently and 
highly infective when inoculated intravenously (J. D. Bezuidenhout, personal 
communication, 1979, confirmed by observations in our laboratory). In the 
absence of deepfreezing facilities, strains may be preserved in Amblyomma 
ticks where they remain viable for long periods; alternating passages between 
the tick and ruminants are far cheaper than frequent serial passages in 
ruminants only. 

The donor blood should be transported on ice to the field, where it must be 
used as quickly as possible, preferably less than 12 and not more than 24 hours 
after bleeding the donor. Alternatively, the reacting donor may be taken alive 
to the site of immunization and bled on the spot. Infective blood may also be 
deep-frozen and issued to the field in dry ice or liquid nitrogen whenever 
required, but as the minimum volume used for immunization purposes is 
5 ml, spacious deep-freezing facilities are necessary. 

Losses due to the immunizing infection are not negligible. In older cattle 
immunized by the infection and treatment method, peracute cases, animals 
dying without having shown a temperature reaction, cases with exceptionally 
long incubation periods, and failure of treatment are all responsible for losses 
of some 5 %, in spite of close supervision (Fick and Schuss, 1952). In short, it 
is a rather unsatisfactory method, unsuitable for application on a large scale, 
reasonably safe only under close supervision, and far from optimally effective. 
It is the only one existing so far, however, and susceptible cattle cannot be 
raised in endemic areas without it, if tick control is not excellent. 

Antibiotics of the tetracycline group are active in curing heartwater in an 
early stage. Oxytetracycline, chlortetracycline and n-pyrrolidinomethyl tetracy
cline have all been found effective. Dosage should not be less than 5 to 
10 mg/kg. Two treatments, on consecutive days, give better results than only 
one (Ilemobade, 1976). Suspension formulations, administered intramuscular
ly, have given better results in small ruminants than soluble ones, presuma
bly because their action may be more durable, but as the course of the disease 
is usually rapid, it may be advisible to start with an intravenous injection of a 
soluble preparation, especially if clinical symptoms already exist. The action of 
tetracyclines on heartwater is slow in any case and treatment is often ineffec-
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tive when nervous or intestinal symptoms are apparent; as most cases in the 
field are not discovered until this stage, the results of chemotherapy are 
disappointing. The fact that the action of tetracyclines on Cowdria is not 
impressive, is illustrated by the finding that oral administration of oxytetracy
cline during 3 weeks at a dosage rate of approximately 10 mg/kg daily does 
not reliably eliminate the organisms in young calves, if administration is 
started 7 days after infection (Uilenberg, 1971). 

Sulphonamides also possess some chemotherapeutic activity against heart
water, but even less than the tetracyclines, so that they have now been 
abandoned. An experimental drug, a dithiosemicarbazone, (Gloxazone®), has 
been shown to be active, possibly more so than the tetracyclines, but because 
of toxicity problems may not be released on the market. It is possible that 
long-acting preparations of tetracyclines, which have been used successfully in 
immunization against theileriosis and the treatment of anaplasmosis, may 
prove useful in the treatment of heartwater. 

Because of the present unsatisfactory state of immunization and treatment, 
introduction of susceptible exotic breeds into heartwater areas must be strong
ly advised against unless strict, efficient acaricidal control can be guaran
teed. 
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29. BOVINE PETECHIAL FEVER 

D.R. Snodgrass 

Abstract. Bovine petechial fever, caused by Ehrfichia ondiri, occurs sporadically in 
highland areas of Kenya, particularly affecting exotic breeds of cattle. There is a 
marked spatial restriction on disease occurrence, often to areas as small as part of a 
paddock, and usually associated with forest edge or scrub. Ehrfichia ondiri can be 
harbored by bushbuck and possibly other wild ruminants, and may be transmitted by 
an arthropod vector. 

The disease is clinically marked by fever and widespread petechiation of mucous 
membranes. At necropsy, edema and lymphoid hyperplasia are evident in addition to 
widespread hemorrhages. Diagnosis depends on demonstration of E. ondiri, either by 
examination of Giemsa-stained blood smears, or by inoculation of tissues to suscepti
ble sheep. 

It may be possible to protect valuable animals by artificial infection followed by 
treatment with a dithiosemicarbazone. Generally, control depends on keeping cattle 
away from known infected areas, and clearing undergrowth and scrub. 

Synonyms: ondiriitis, ondiri disease, BPF. 

Etiology 

The causative agent is a rickettsia-like organism Ehrlichia (Cytoecetes) ondiri 
(Haig and Danskin, 1962). The organism initially mUltiplies in the spleen, and 
subsequently, during clinical reaction, it parasitizes the circulating granulo
cytes and monocytes (Snodgrass, 1975). Ehrlichia ondiri can be observed in 
blood smears as small bodies (0.4 11m), larger bodies 0-2 11m), groups of small 
and large bodies, and groups or morulae of small bodies, all staining blue with 
Giemsa (Krauss et al., 1972). (They occur in cytoplasmic vacuoles, and are 
most commonly seen in neutrophils (Fig. 1). 
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Fig. 1. Ehrlichia ondiri (arrowed) in cytoplasma of a) neutrophil and b) eosinophil, in Giemsa
stained blood smear from steer infected with bovine petechial fever. 

Distribution 

Bovine petechial fever (BPF) has been confirmed only from Kenya in areas of 
more than 1500 m altitude, which includes a large part of the most productive 
land in Kenya. In an epidemiological survey of sites where BPF has been 
confirmed, considerable variations in ecological type from humid to semi-arid 
were found (Walker et al., 1974). The vegetation common to all sites was 
thick bush or understory cover giving heavy shade. Wild ruminants, particu
larly bush buck and duiker, probably occurred in all sites, even in the Nairobi 
peri-urban area. 

Bovine petechial fever has also been reported but not confirmed from areas 
of northern Tanzania with ecological similarities to the BPF zone of Kenya. 

Epidemiology 

Bovine petechial fever occurs usually in imported breeds of adult cattle; the 
Sahiwal may be most susceptible. The most striking epidemiological charac
teristic is the strictly localized occurrence of BPF, often in areas as small as 
part of one paddock, and usually associated with forest edge or scrub. The 
disease occurs sporadically and cattle can contract BPF within 1 to 2 weeks of 
being introduced to pasture unstocked for 2 years. Heavy losses may occur 
when farmers are compelled by drought to move animals from clean to 
infected areas. The spatial restriction and sporadic nature of the disease have 
led to the suggestion that an arthropod/wild mammal cycle exists. 
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It has recently been shown that bush buck (Tragelaphus scriptus) can harbor 
E. ondiri in an endemic area, and that the organism can multiply after 
experimental infection in cattle, sheep, goats, bushbuck, impala (Aepyceros 
melampus), Thomson's gazelle (Gazella thomsonii), and wildebeest (Conno
chaetes taurinus) (Snodgrass et al., 1975). Thus, bushbuck in an enzootic area 
constitute a reservoir of E. ondiri, and other species of wild ruminants are 
potential reservoirs. 

Most cattle and sheep have been shown to develop latent infections with E. 
ondiri after a primary reaction (Snodgrass, 1975). This would facilitate trans
mission by an arthopod vector, but extensive efforts over many years have 
failed to incriminate ticks of the genera Rhipicephalus, Amblyomma, Boophilus 
and Haemaphysalis, biting insects of the genera Stomoxys, Culex, Anopheles 
and Simulium, and trombiculid mites (Kenya, 1937; Kenya, 1957; Walker et 
al., 1974). 

Clinical Signs 

The incubation period following experimental infection ranges from 4 to 14 
days, and in the field, cases have been observed within 10 days of moving 

Fig. 2. 'Poached egg eye' from acutely-ill and subsequently fatal case of bovine petechial fever. 
There is marked conjunctival edema and hemorrhage, with excessive lachrymation. 
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cattle onto infected areas (Haig, 1966). The severity ranges from inapparent to 
fatal, and it is probable that many field cases are undetected or show merely 
as a fall in milk yield. The onset of 'symptoms is marked by fever and a drop 
in milk yield, which usually coincides with the appearance of patent parasi
temia. This is followed on the second or third day by weakness, apathy, and a 
staring coat. Hemorrhages on mucous membranes also became evident at this 
stage, and can be observed on vulvo-vagina, conjunctiva, labial surface of the 
gums and ventral surface of the tongue. They first appear as petechiae, which 
enlarge over several days and then regress. On occasion, mucosal membranes 
are also congested, particular in the fatal cases. A characteristic lesion of BPF 
sometimes seen is 'poached egg eye" consisting of edema and hemorrhage of 
the conjunctiva (Fig. 2). The mortality varies from 10 to 20 % and usually 
occurs in the first few days of illness. 

Pathology 

The appearance of BPF cases at necropsy is characterized by hemorrhage, 
edema and lymphoid hyperplasia (Piercy, 1953 ~ Danskin and Burdin, 1963 ~ 

Plowright, 1962). The hemorrhages are often large and are present extensively 
throughout the body. There is usually subcutaneous and intramuscular hem
orrhage. The heart shows subepicardial fluid. Mucosal hemorrhages in the 
respiratory tract, urinary bladder and gall bladder, and mucosal and serosal 
hemorrhages in the alimentary tract give rise to free blood and tarry feces. 

Edema is also widely present, often in subcutaneous and intramuscular 
tissues. Lung edema is particularly marked and may be the immediate cause 
of death. 

Lymph nodes are often enlarged, with cortical and subcapsular petechiae, 
edema and hyperplasia. The spleen and liver may be enlarged and show 
petechiae. 

Histologically, little significance other than petechiation has been observed, 
with the exception of the hyperplasia of the larger lymphoid cells. Ehrlichia 
ondiri may be seen in spleen cells and liver Kupffer cells. 

Hematological changes are characteristic and consist of an absence of eosi
nophils, marked fall in lymphocyte counts followed by an equally pronounced 
drop in neutrophil levels. 

Diagnosis 

Ehrfichia ondiri has not been isolated in vitro, so diagnosis of BPF cannot be 
made by isolation of the organisms or by demonstration of a serological 
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response to it. The clinical and necropsy findings, although dramatic, are not 
pathognomonic. Bovine petechial fever may be confused with bracken and 
arsenic poisoning, hemorrhagic septicemia, heartwater, acute trypanosomiasis 
and acute theileriasis. In an area where BPF is known to be enzootic, a 
history of movement to rough grazing, coupled with clinical and necropsy 
examinations, may be sufficient to lead to a presumptive diagnosis of BPF. In 
areas where BPF has not previously occurred, however, diagnosis rests on the 
demonstration of E. ondiri. 

This may be done directly by the observation of E.ondiri in Giemsa-stained 
blood or spleen smears, where it may be seen in granulocytes and monocytes 
or in spleen cells. However, severe illness and petechiae do not develop until 
the second or third day of febrile and parasitemic reaction, by which time 
visible parasitemia may be low or absent. Direct observation of E. ondiri may 
not succeed. As an alternative diagnostic method, tissue suspensions from the 
suspected case may be inoculated intravenously into susceptible cattle or 
sheep. The tissues with the highest titers of E. ondiri are spleen and lung 
although from a non-fatal case, blood is satisfactory. Giemsa-stained blood 
smears from the recipient animal should be examined daily for 10 days to 
determine the presence of E. ondiri in the granulocytes and monocytes. 
Because some isolates of E. ondiri do not cause febrile reactions on first 
passage in sheep or cattle, it is not sufficient to rely on blood-sampling only 
in the event of a febrile reaction. 

Prevention and Control 

Recovered animals are resistant to clinical reinfection for several years, but 
probablY carry latent infections of E. ondiri. Similarly, wild ruminants may 
also act as reservoir hosts. Preventing spreading of infection to susceptible 
cattle depends on avoiding contact with the unknown vector, which in turn 
necessitates keeping cattle away from known infected areas. Where possible, 
clearing of the undergrowth and scrub should be carried out. 

Tetracyclines have been shown to abort clinical reactions if given during 
the incubation period, or on the first day of clinical reaction. However, 
dithiosemicarbazone (Gloxazone, Wellcome), as a single intravenous injection 
at 5 mg/kg (Snodgrass, 1976), was found to be more effective than tetracy
cline. After experimental infection and subsequent treatment with the dithio
semicarbazone, cattle were shown to be immune. This would appear to be a 
feasible method of introducing valuable cattle to areas where BPF is 
endemic. 
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30. DERMA TOPHILOSIS 

Allan C. Pier 

Abstract. Dermatophilosis is an infectious, contagious disease of the skin of cattle and 
other animals caused by the aerobic actinomycete, Dermatophilus congolensis. Derma
tophilosis is typified by an exudative dermatitis with suppuration, superficial epidermal 
necrosis, acanthosis and the build-up of scabs along entrapped hairs over the infected 
skin surface. The causative organism, an obligate parasite, has been cultured only from 
lesion materials; it has a multimorphic life cycle including a motile (flagellate) zoos
pore form, a branching filamentous form and a multiplanar septate form. The infection 
is transmitted by direct contact or by insect, arachnid and inanimate vectors. Moisture 
on the skin enhances transmissibility and causes exacerbation of existing lesions. The 
disease is most prominent in temperate to tropical climates during the rainy season. 
Diagnosis depends on microscopic demonstration of typical multiplanar septate forms 
in Giemsa-stained smears of exudate or cultural isolation by special techniques 
described. Serologic and fluorescent antibody applications are also described. The 
infection may be treated successfully by a number of bacteriocidal solutions including 
copper sulfate and by antibiotic injections including dihydrostreptomycin. Control of 
flies and other vectors and keeping animals dry are important considerations in 
controlling dermatophilosis in cattle. Some evidence exists indicating that an actively 
acquired immunity may be induced through experimental vaccination. The disease is 
economically important through reduced productivity of affected cattle and residual 
hide damage. Dermatophilosis is transmissible to man and is considered to be a 
zoonotic disease. 

Etiology 

The causative agent is an aerobic (facultative) actinomycete of the family 
Dermatophilaceae (Buchanan and Gibbons, 1976). There is but a single spe
cies in the genus, Dermatophilus congo/ensis (Gordon, 1964). The organism is 
strongly Gram positive, nonacid-fast, and has a multi-phasic life cycle which 
is depicted in Fig. 1. Presumably, the infectious form of the organism is the 
flagellate, motile zoospore (Richard et al., 1976) (Fig. 1 a) that is released from 
mature multi planar septate forms (Fig. 1 f and g) found in infectious crusts 
and exudates. This zoospore germinates (Fig. 1 b), produces a branched fila-
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mentous structure (Fig. Ic) which invades hair follicles, sweat glands and 
other epidermal structures, then enlarges and develops multiplanar septations 
in infectious exudates (Fig. I d-D. Dermatophilus congolensis is highly proteo
lytic and regularly produces urease, hydrolyses casein, liquefies gelatin and 
coagulated serum (Cottral, 1978). These proteolytic abilities of the organism 
are considered important in the pathogenesis of dermatophilosis. Dermatophi
Ius congolensis appears to be an obligate parasite; to date it has been isolated 
only from lesion materials and has not been found living freely in the 
environment of infected animals. 

Distribution 

Dermatophilosis occurs throughout the tropical to temperate regions of the 
world. Major economic losses associated with infections of cattle, sheep, 
goats, and horses have been reported from Africa, Australia, and New Zeal
and, Europe, The Middle East, North, Central and South America (Lloyd and 
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Sellers, 1976). Numerous species of animals have been reported to harbor 
natural infection including most domestic and wild ruminants, horses and 
other Equidae, dogs, fox, rabbits, raccoons, zoo-housed polar bears, seals, and 
certain species of monkeys (Richard and Shotts, 1976). While infections of 
both pigs and a cat have been reported, they were not conclusively confirmed 
by culture and apparently such infections are infrequent. Man is readily 
infected and dermatophilosis is considered a zoonotic disease (Dean et al., 
1961; Pier, 1979). Perpetuation of infection in endemic areas during dry and 
winter seasons by wild animal populations is considered likely. 

Epidemiology 

Infection results from transfer of infectious material by direct or mechanical 
transmission from contaminated brush, fence posts, halters, clippers, etc. and 
by arthropod vectors including flies and ticks (Richard and Pier, 1966). Skin 
abrasions may enhance transmission but are not a necessary precursor to 
infection. Extensive outbreaks have followed clipping excess hair from the 
udders of dairy cows or in bands of sheep after shearing with clippers that 
were contaminated from passing through infectious crusts entrapped in the 

Fig. 2. Dermarophilus congolensis in stained smear of emulsified scab. Note multiplanar septations 
of mature form and filamentous branches. Giemsa stain, X 900. 
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hair or wool. Concurrent infections of sheep with D. congolensis and the virus 
of contagious ecthyma has been observ.ed as has infection in cattle with 
herpes mammillitis virus and sea lions with pox virus. It is not known which 
agent infected first or whether infection was simultaneous but the several 
viral agents as well as D. congo lens is are capable of primary pathogenicity. 

Moisture enhances transmission of infection and major outbreaks in indi
vidual herds or in a geographic area are usually relatable to rainfall or some 
other exposure to water. Motile zoospores of D. congolensis are released from 
the mature, multiplanar septate forms in exudative crusts (Figs If and 2) 

when the crusts become wet. The zoospores swarm from existing lesions and 
establish new foci of infection or enlarge existing lesions in concentric waves. 
Direct contact with infected animals, mechanical transfer by flies feeding on 
moist exudates and transferring to fresh moist sites or other mechanical 
transfer readily transmits infection to other animals. Lesions often appear first 
on body areas where water exposure and retention are greatest (e.g. back, 
axillae, folds on flexor surfaces of joints, etc.). Young animals (i.e. birth to 
yearlings) appear to be most susceptible; presumably some immunity to 
routine exposure is acquired by older animals in endemic areas. As the rainy 
season wanes and flies abate, the rate of new cases generally recedes. Existing 
lesions become quiescent due to failure of new zoospore release at the skin 
surface, the exudative crusts are pushed out on the entrapped, growing hairs 
and eventually are removed or drop off. If rainfall occurs after a period of 
quiescence, new zoospore release causes exacerbation of the lesion, additional 
exudation and the accrual of thick, laminated exudative crusts. 

The source of new infection in a herd of domestic animals presumably is 
from direct or indirect contact with infectious lesion material. Whether this 
exposure results from direct or indirect contact (e.g. via ticks or flies) with 
infected members of the herd, with infected wild animals (e.g. deer, rabbit, 
fox, raccoon, etc.) or from surviving elements in fallen exudative crusts is not 
known. How long D. congolensis remains viable in exudative crusts on the 
ground is not known, but it is known that D. congolensis unprotected by 
exudative material does not survive in soil (Roberts, 1970). 

Clinical Signs 

The initial lesion of dermatophilosis is a discrete focus of exudative dermatitis 
with erosion, suppuration and the formation of an exudative crust. The crust 
forms at the base of the hair and entraps it. Often the disease is first 
discovered by running a hand over the infected area and feeling bumps 
beneath the hair coat. In acute dermatophilosis, during periods of excessive 
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Fig. 3. Bovine dermatophilosis. Note widespread scattered lesions over the surface of the back 
and confluent lesions about the tail head. 

rainfall, the exudative crust is usually thin, approximating 2-4 mm; individual 
foci of infection are scattered over extensive areas of the body (Fig. 3) or may 
coalesce to form large confluent lesions. When climatic conditions are favor
able, this form of dermatophilosis may transmit readily to other animals, until 
nearly all young animals in the herd are clinically involved (Pier et al., 1963). 
There is a purulent exudate below the crusts; the superficial cornified layers 
of the epidermis are eroded and removal of the crust reveals a moist, 
inflamed area of granulosa cells. Systemic signs of illness are usually absent 
or limited to a febrile response in moderate cases; milk production may drop 
in affected dairy cattle. With extensive acute involvement, secondary bacterial 
invaders may cause a fatal termination, presumably from endotoxemia (Kelley 
et al., 1964). 

A more chronic form of the disease occurs when moisture is less abundant. 
In this form, deep encrustations one to several centimeters thick, build up 
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Fig. 4. Exudative crust and entrapped hair from chronic lesion of bovine dermatophilosis. Note 
laminations. 

along tufts of entrapped hair. The crusts "grow" as successive moisturizing 
releases a new mass of zoospores which results in a new exacerbation of the 
lesion; as the lesion dries, inflammation wanes and the crust is pushed away 
from the skin by new hair growth. The crusts on such chronic lesions are 
often laminated as a result of the intermittent cycle of lesion activity (Fig. 4). 
Such activity is often seen in temperate zones where snow fall provides 
periodic moisturizing of the lesions. Examination of cattle 2 or more weeks in 
the wake of a herd epizootic often reveals only a few areas of encrustation on 
the distal ends of the hairs that resemble caked mud. These remnant crusts 
are often found in protected areas such as the axilla or inguinal region. 

Pathology 

The pathologic changes associated with dermatophilosis are largely confined 
to the epidermis with some reactive cellular infiltration of underlying dermal 
areas (Oduye, 1976). The organism, or those forms that are recognizable in 
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histologic sections such as filaments and mature multiplanar septate forms, is 
seen chiefly in the upper levels of the epidermis and hair follicles. Filaments 
are seen in cornified epithelium, between laminae of exudative crusts and 
occasionally in the lower strata of the epidermis but only rarely do they 
penetrate below the epidermis and then only through breaks in the stratum 
germinativum. Affected epidermis remains largely intact, becomes acanthotic 
and is covered with laminated crusts composed of cornified epithelial cells, 
leukocytic debris, filaments and mature packets of D. congolensis. There is a 
marked neutrophilic infiltration of affected epidermis and development of 
microabcesses in the epidermis near hair follicles. Cellular infiltration of 
underlying dermal areas is largely lymphocytic and histocytic. The neutro
philic infiltration of the epidermis begins very soon after experimental infec
tion and by 24 hours has caused separation of the epidermis from the 
underlying dermis. New epidermis regenerates by 36 hours and laminar layers 
of old epidermis, neutrophilic leukocytes, cellular debris and new epidermis 
are evident by 48 hours. Barring exacerbation, scabs of primary lesions begin 
sloughing 3 days after experimental infection; the degree of acanthosis 
increases through 7 days then recedes. 

Immune Response 

Infection by D. congolensis elicits a variable serologic response depending 
apparently on the severity and duration of infection. Detectable antibody has 
been shown in serums of experimentally and naturally infected animals by gel 
diffusion precipitin, passive hemagglutination and agglutination tests (Pulliam 
et af., 1967; Richard et al., 1976). These reactions appear to be highly specific 
for D. congolensis but detectable titers may not result from a mild primary 
infection. In a limited survey, precipitins were detected in 39 % of serums 
from 64 cattle in eight Iowa herds (Richard et al., 1976) and positive serologic 
responses have been shown to persist in cattle for 8 through 18 months 
(longest period tested) following recovery from natural infection (Pulliam et 
al., 1967). Whether this serologic reactivity imparts enhanced resistance to 
re-infection, however, is problematic. Laboratory animals, particularly rabbits, 
can be readily reinfected despite the presence of appreciable levels of circulat
ing antibody. In nature, reinfection undoubtedly occurs although younger 
animals appear more susceptible, perhaps due to some level of acquired 
immunity in animals 2 years and older. While acquired antibody levels may 
not withstand experimental reinoculations, they may be helpful in clearing 
the few zoospores introduced by ticks or flies. It is also possible that an 
acquired immunity is independent of antibody levels but associated with cell 

373 



mediated immune reactions. Limited experimental vaccination trials in Zebu 
cattle indicate some level of vaccine protection is obtained (Provost et al., 
1976). 

Laboratory Aids to Diagnosis 

The most universally used diagnostic technique for dermatophilosis is micro
scopic examination of Giemsa stained smears of exudative crusts. Specimens 
removed from infected animals are emulsified in sterile saline solution on a 
microscope slide, air dried, fixed in absolute methanol and stained with 
Giemsa's stain. The smear is then examined diligently for mature, multipla
nar septate bodies as shown in Figs If and 2. In very old lesions, typical 
definitive forms may not be present but aggregations of coccoid elements 
suggest the possible involvement of D. congolensis. This possibility can be 
confirmed in the diagnostic laboratory by staining the scab emulsion with 
specific fluorescent antibody (Pier et af., 1964). Because of their distinctive 
morphology, demonstration of typical forms in a stained smear constitutes a 
strong presumptive diagnosis; there are, however, other organisms that may 
sometimes resemble D. congolensis in tissue. For this reason positive confir
mation by fluorescent antibody or cultural isolation is recommended where 
the infection is suspected in new geographic locales or in new animal 
hosts. 

Cultural isolation can be accomplished occasionally with ease but some
times requires the use of special techniques to separate D. congolensis from 
more robust contaminants. A highly efTective technique utilizes membrane 
filtration of scab emulsions (Pier et al., 1964). Clinical specimens of exudative 
material are emulsified in sterile saline solution in a TenBroeck tissue grinder 
and the suspension allowed to stand undisturbed in the grinder tube at room 
temperature for 1 to 2 hours. Zoospores are liberated and congregate in the 
upper levels of the suspension and the more heavily contaminated materials 
settle to the bottom. One to two milliliters of the upper supernate is aspirated 
into a syringe which is then passed through a syringe-adapted 1.2.um pore 
size membrane filter. A loopful or drop of the filtrate which contains zoos
pores is streaked for isolation on an enriched medium containing whole blood 
(e.g. BHI-blood agar) and incubated aerobically for 48 to 120 hours at 37°C. 
Colonies of D. congofensis appear as small, smooth to granular, opaque, buff 
colored adherent colonies that are sunken into the surface of the medium. A 
narrow zone of hemolysis is usually present. Isolation may also be enhanced 
by applying emulsified clinical materials to shaved and moistened areas of 
rabbit skin; if exudative crusts appear these can be examined microscopically 
or culturally as above. 
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Prevention and Control 

Present information indicates that D. congolensis is an obligate parasite of 
animals and man; free living forms in nature have not been found. Thus, a 
large part of prevention and control of dermatophilosis is associated with 
curtailing exposure to infectious sources. Flies and ticks are known to spread 
infection from animal to animal; control of these arthropod vectors is helpful, 
especially during warm wet weather when the moistened exudate materials 
are most infectious and the moist skin of recipient animals is most receptive 
(Richard and Pier, 1966). Similarly, removal of crusts shed from infected 
cattle, disinfecting stanchions, stables, corral fences, clippers, etc., with phe
nolic or quaternary ammonia bacteriocides or copper sulfate solution dimin
ishes exposure of new cattle to infection. The course of infection on individ
ual animals is shortened and the possibilities of dissemination are diminished 
when infected animals are protected from rain or other external water appli
cations. Isolation and stabling such animals may be most helpful from the 
standpoints of keeping them dry, away from uninfected animals, and estab
lishing fly control. 

The subject of immunoprophylaxis remains to be definitively explored. 
Currently, preliminary information indicates that bacterins, prepared from 
killed whole cells are at least partially effective in curtailing epizootics (Pro
vost et al., 1976). 

Dermatophilus congolensis is susceptible to a number of antibiotics. The 
problem is in delivering the antibiotic in effective concentrations to the site of 
active infection, i.e. the skin surface below exudative crusts. Intramuscular 
dihydrostreptomycin at the rate of 10 mg/kg as a single dose or repeated at 3 
to 5 day intervals is highly effective when animals are kept dry. Topical 
applications of astringent antibacterial solutions such as copper sulfate, gen
tian violet, etc., may also be helpful in hastening recovery of early acute 
processes and diminish the effect of secondary bacterial invaders (Blancou, 
1976). Human attendants of infected animals should remember that D. con
golensis is a zoonotic agent that causes a severe pustular dermatitis of man; 
appropriate care and decontamination of arms, hands, and clothing should be 
observed after handling affected livestock. 

375 



References 

Blancou JM: Treatment of infection by Dermatophilus congolensis with particular refer
ence to the disease in cattle. In: Dermatophilus Infection in Animals and Man, pp 
246-259. Loyd DH and Sellers KC, eds. New York: Academic Press, 1976. 

Buchanan RE, Gibbons NE (eds): Bergey's Manual of Determinative Bacteriology, 8th 
edn. Baltimore: Williams & Wilkins, 1974. 

Cottral GE (ed): Manual of Standardized Methods for Veterinary Microbiology, pp 
559-561. New York: Cornell Univ. Press, 1978. 

Dean OJ, Gordon MA, Severinghaus CW, Kroll ET, Reilly JR: Streptothricosis: A 
new zoonotic disease. N Y St J Med 61:1283-1287,1961. 

Gordon MA: The Genus Dermatophilus. J Bacteriol 88: 509-522, 1964. 
Kelley DC, Huston KA, Imes GO, Weide KD: Cutaneous streptothricosis in Kansas 

cattle. Vet Med 59:73-78+175-178,1964. 
Lloyd DH, Sellers KC (eds): Dermatophilus Infection in Animals and Man, pp IX-XI 

and 274-291. New York: Academic Press, 1976. 
Oduye 00: Histopathological changes in natural and experimental Dermatophifus 

congofensis. In: Dermatophilus Infection in Animals and Man, pp 172-181. Loyd DH 
and Sellers KC, eds. New York: Academic Press, 1976. 

Pier AC: Actinomycetes. In: Handbook Series in Zoonoses, Steele JH, ed. Sect. A: 
Bacterial Rickettsiae and Mycotic Diseases, Vol I, pp 17-30, Boca Raton: CRC 
Press, 1979. 

Pier AC, Neal FC, Cysewski Sl: Cutaneous streptothricosis in Iowa cattle. 1 Am Vet 
Med Assoc 142: 995-1000, 1963. 

Pier AC, Richard lL, Farrell EF: Fluorescent antibody and cultural techniques in 
cutaneous streptothricosis. Am 1 Vet Res 25: 1014-1020, 1964. 

Provost A, Touade MP, Guillaume M, Peleton H, Damson F: Vaccination trials 
against bovine dermatophilosis in southern Chad. In: Dermatophi/us Infection in 
Animals and Man, pp 260-268. Loyd DH and Sellers EC, eds. New York: Academ
ic Press, 1976. 

Pulliam JD, Kelley DC, Coles EH: Studies of natural and experimental cutaneous 
streptothricosis infections in cattle. Am J Vet Res 28:447-455, 1967. 

Richard JL, Pier AC: Transmission of Dermatophifus congofensis by Stomoxys cafcitrans 
and Musca domestica. Am 1 Vet Res 27:419-423,1966. 

Richard JL, Ritchie AE, Pier AC: Electron microscopic anatomy of motile-phase and 
germinating cells of Dermatophifus congofensis. 1 Gen Microbiol 49: 23-29, 1967. 

Richard lL, Shotts EB: Wildlife reservoirs of dermatophilosis. In: Wildlife Diseases, 
pp 205-214. New York: P~enum, 1976. 

Richard JL, Thurston JR, Pier AC: Comparison of antigens of Dermatophi/us congo
fensis isolates and their use in serolgoical tests in experimental and natural infec
tions. In: Dermatophifus Infection in Animals and Man, pp 216-227. Loyd DH and 
Sellers KC, eds. New York: Academic Press, 1976. 

Roberts OS: Dermatophifus congo/ensis, a zoopathogenic actinomycete with a motile 
infective stage. In: The Actinomycetales, pp 265-271. Prauser lena H, ed. Verlag, 
lena, 1970. 

376 



31. COCCIDIOSIS 

John V. Ernst and Gerald W. Benz 

Abstract. Coccidiosis in cattle is caused by protozoan parasites of the genus Eimeria. 
Numerous species of coccidia have been described from cattle, but only Eimeria bovis 
and Eimeria zuemii produce the severe clinical disease. Coccidiosis is found wherever 
cattle are present. The disease occurs most often in calves less than a year old, but 
may also occur in older cattle. Cattle become infected by oral ingestion of sporulated 
oocysts contained in fecal-contaminated feed or water. The severity of the disease 
varies from mild when only a slight diarrhea is present, to acute when the calf may 
die. Typical signs of coccidiosis include bloody diarrhea, straining during defecation 
(tenesmus), dehydration, rough hair coat, lack of appetite (anorexia), weakness, listless
ness, and emaciation; sometimes convulsive seizures occur. Lesions of coccidiosis are 
caused by the sexual stages and include destruction of the epithelial mucosa in the 
large intestine. Diagnosis of coccidiosis is made on the basis of clinical signs, presence 
of oocysts of the pathogenic species in the feces, and history of the individual calf and 
herd. Several available drugs are effective for prophylaxis, but are not efficacious once 
signs of infection are present. The disease can often be prevented by proper sanitation 
and management of the calves. 

Disease 

Coccidiosis as a distinct clinical disease of cattle was first described by F. A. 
Ztirn in 1878 (Becker, 1934). Ztirn observed coccidian intracellular stages in 
sections of intestine from a calf that had died of enteritis. The tissue had been 
sent to him by a Swiss veterinarian named Prager, whose letter describing the 
signs and lesions in the stricken animal appeared in Ztirn's account. The 
disease encountered was given the name rote Ruhr (" red dysentery"). Unfor
tunately Ztirn did not give a detailed description of the parasitic stages he saw 
and hence present-day investigators cannot distinguish that species from the 
other species which are now recognized from cattle. Eimeria zuernii is appar
ently the most common cause of rote Ruhr in Switzerland and may have been 
the species that Ztirn saw. 
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Bovine coccidiosis has been given several common or colloquial names in 
addition to rote Ruhr; these include scours, bloody scours, hemorrhagic enter
itis, dysentery, and bloody diarrhea. The most precise name for this disease is 
bovine eimeriosis, since all coccidial organisms of cattle belong to the genus 
Eimeria. However, bovine coccidiosis is the most commonly used name and 
is preferred by most investigators. 

The terms coccidia and coccidiosis are used in this chapter in the most 
restricted meaning. Coccidia are protozoan parasites that belong to the family 
Eimeriidae. Coccidiosis is the disease caused by the coccidia. Much recent 
work has shown that the organisms Toxoplasma, Sarcocystis, and Besnoitia are 
closely related to the coccidia, but the diseases they cause are not discussed 
here. Futhermore, a taxonomic classification for the coccidia is beyond the 
scope of this chapter. 

The coccidia that belong to the genus Eimeria usually infect only host 
animals that belong to a single genus. There are, however, exceptions to this 
rigid host specificity, and most investigators recognize that the same Eimeria 
species infect the bovine genera Bos and Bubalis, although some species are 
little known and have only been described once from one or the other of 
these genera. The term" cattle" as used throughout this chapter is meant to 
include the ox (Bos taurus), the zebu (Bos indicus) , and the water buffalo or 
carabaos (Bubalus bUbalis). Little or no information is available about the 
coccidia of other species of cattle found throughout the world. Most of the 
experimental work on bovine coccidiosis has been done on the ox, Bos 
taurus. 

Etiology 

The number of species of coccidia that occur in cattle is open to question, but 
most reviewers accept 19 to 22 (Davies et al., 1963; Levine and Ivens, 1970; 
Pellerdy, 1974). Most coccidian species of cattle are known only from the 
oocyst stage, and several have been described only once from a single loca
tion. Some of the descriptions are so poor that the validity of the species is 
questionable. No attempt will be made here to discuss each species of coccidia 
that has been described from cattle because this chapter deals mainly with the 
disease bovine coccidiosis, and only two species, Eimeria bovis and Eimeria 
zuernii, have been implicated in clinical cases of the disease, although Eimeria 
alabamensis, Eimeria auburnensis, and Eimeria e/lipsoida/is have been reported 
to cause diarrhea when large numbers of sporulated oocysts are given to 
experimental calves. Descriptions of the species of coccidia of cattle, along 
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with drawings of the oocysts, and discussions about validity of the species can 
be found in the reviews by Levine and Ivens (1970) and Pellerdy (1974). An 
additional spieces, Eimeria kosti, was described as an abomasal coccidium 
from a cow from Sudan after these reviews were published (Elibihari and 
Hussein, 1974). 

A diagrammatic representation of a generalized life cycle of an Eimeria 
species is shown in Fig. 1. The infective stage of the coccidia is the sporulated 
oocyst. When the sporulated oocysts (1) are ingested by the host, the sporo
zoites (2) escape from the sporocysts and then the oocysts and enter host 
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Fig. 1. Diagrammatic drawing of a typical coccidian life cycle. Numbered stages are described in 
the text. (Adapted from Vetterling, \966.) 
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cells, usually intestinal epithelial cells, to form trophozoites (3). The tropho
zoite nucleus then begins to divide and a schizont is formed (4). Growth of the 
schizont is accompanied by further nuclear division, and elongate merozoites, 
each containing a nucleus, develop within the schizont (5). The process of 
schizont growth and merozoite formation is termed schizogony. When 
mature, the merozoites escape from the schizont (6), penetrate another host 
epithelial cell, and begin another generation of schizogony (7, 8). Schizogony 
continues for a specific number of generations, depending on the coccidial 
species. Eventually merozoites initiate the sexual cycle, termed gametogony. 
A merozoite of the last schizogonous generation (9, 14) penetrates a new host 
epithelial cell and becomes a female cell, a macrogamont (15), or a male cell, 
a microgamont (10); these processes are termed macrogametogony and micro
gametogony, respectively. During microgametogony, the nucleus divides 
many times (11). Each nucleus then elongates, cytoplasm forms around each 
nucleus, and two flagella develop. This flagellated, motile organism is a 
mature male cell, a microgamete. The mature microgamont containing the 
microgametes is called a microgametocyte (12). Unlike the nucleus of the 
microgamont, the nucleus of the macrogamont does not divide. The uninu
cleate macrogamont grows and when mature is called a macrogamete (16). 
When mature, the microgametocyte ruptures and releases the motile micro
gametes into the intestinal lumen (13). A microgamete finds and enters the 
host cell containing the macrogamete and fertilizes it, resulting in the forma
tion of a zygote (17). A resistant wall develops around the zygote to form an 
oocyst. The host cell containing the oocyst ruptures, and the oocyst (18) is 
passed from the host in the feces into the external environment. At the 
proper temperature and humidity, the cytoplasm (the sporont) of the oocyst 
contracts into a ball (19) and then dvides ( a process termed sporulation) into 
four sporoblasts (20). Each sporoblast elongates and becomes a sporocyst, and 
two sporozoites develop within each sporocyst (1). This process of sporozoite 
formation is known as sporogony. The stages occurring within the host are 
known collectively as the endogenous stages, and the stages outside of the 
host are known collectively as the exogenous stages. 

The life cycle of E. bovis has been studied more intensively than that of any 
other species of bovine coccidia (Hammond, 1973). The mature first-genera
tion schizonts are located in the central lacteals of the villi in the lower part of 
the small intestine. They are about 300 ~lm in diameter, and each contains 
about 120,000 merozoites at maturity. These first-generation schizonts require 
about 15 days to mature. The second-generation schizonts are found in 
epithelial cells of the crypts of the cecum and upper colon. They are about 
10 Llm in diameter and contain about 30 merozoites. The second-generation 
schizonts require only 1.5 to 2 days to reach maturity. Macrogamonts and 
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microgamonts are found in the same location and at the same time as the 
second-generation schizonts. The sexual stages, especially the macrogamonts, 
are much more numerous than the second-generation schizonts in the 
infected tissues. Oocysts of E. bovis are first found in the feces on the 17th 
day after sporulated oocysts are ingested by the calf. The pathologic changes 
and signs seen in E. bovis infections are associated with the development and 
maturation of the sexual stages of the life cycle. 

Coccidiosis due to E. zuernii is difficult to reproduce experimentally in 
cattle, and the complete life cycle of this species has only recently been 
reported (Stockdale, 1976). The endogenous life cycle of E. zuernii is similar to 
that of E. bovis in many respects. Mature first-generation schizonts of E. 
zuernii are also large, up to 234 11m, and contain numerous merozoites. They 
are in connective tissue cells of the small intestine. These schizonts are 
mature by the 16th day after inoculation of sporulated oocysts. Second
generation schizonts are located mainly in the surface epithelium of the 
cecum and colon, also on the 16th day after inoculation, and are about 19 
by 15 11m. Macrogamonts and microgamonts are present in the same area as 
the second-generation schizonts, although not in great numbers, on the 16th 
day after inoculation. Stockdale (1976) reported that the second-generation 
schizonts and the sexual stages of E. zuernii occurred only in the cecum and 
proximal colon of experimentally infected calves. Davis and Bowman (1957) 
reported that the sexual stages of E. zuernii occurred in the lower small 
intestine, cecum, colon, and rectum in their experimentally infected calves. 
Most case reports of E. zuernii coccidiosis state that the sexual stages and 
oocysts are found in the cecum, throughout the colon, and in the rectum of 
the infected animals. Further experimental work is reeded on the life cycle of 
E. zuernii to clearly define the location of the endogenous stages. 

Descriptions of the known life-cycle stages of the other species have been 
compiled by Levine and Ivens (1970). Little has been added to the literature 
on life-cycle stages of the bovine coccidia since the publication of their 
monograph, probably because experimental infections in calves with many of 
the species are difficult to produce. 

Distribution 

Bovine coccidiosis has been reported from many parts of the world. The disease 
occurs in tropical, subtropical, and temperate regions, and it cannot be une
quivocally stated to be more important in one geographical region than in 
another. Some investigators believe that the disease is more important in the 
cooler temperate region, but this is probably because the disease has been 
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more intensively studied in this region. In the tropical countries, other dis
eases of cattle have received more attention and study. Coccidiosis is probably 
a problem wherever cattle are raised. 

Many surveys for coccidia of cattle have been done throughout the world. 
Reviews by Becker (1934), Orlov (1956), Davies, Joyner, and Kendall (1963), 
Levine and Ivens (1970), and Pellerdy (1974), among others, list the countries 
in which each species has been found. 

Bovine coccidiosis is not a reportable disease in most countries, so informa
tion about the incidence of the disease and the losses it causes is difficult to 
secure. Coccidiosis has been listed as the third most important parasitic 
disease in cattle in the United States (Swales et at., 1948), and Foster (1949) 
estimated that bovine coccidiosis in the United States was responsible for the 
loss of $10 million annually. Bovine coccidiosis is reported as a "minor 
disease" by the Canada Department of Agriculture, and Niilo (1970) esti
mated that it causes a loss of $ 3.8 million annually in that country. Fitzgerald 
(1972) stated that bovine coccidiosis accounted for an annual loss of at least 
$l/calf less than 1 year old. He estimated that this loss amounted to $47 
million in the United States and $472 million worldwide. 

Epidemiology 

Cattle become infected with coccidia by ingesting oocysts along with their 
feed or water or by licking contaminated material, often the bodies of other 
cattle. Only sporulated oocysts are infective. Since all Eimeria oocysts are 
passed from cattle in the unsporulated stage, proper climatic conditions must 
be present for sporulation to occur. However, little is known about the factors 
necessary for proper sporulation of cattle coccidian oocysts except that mois
ture and oxygen are necessary. The occysts apparently sporulate in a range of 
temperatures from 15 to 30°C. Temperatures above 30 °C kill the oocysts in a 
relatively short time. Temperatures below freezing also kill the oocysts, but 
not as quickly as high temperatures. Cold temperatures above freezing pre
vent sporulation but do not kill the oocysts unless exposure lasts many 
months. 

Bovine coccidiosis is usually considered to be a clinical problem primarily in 
calves less than 1 year of age, although older cattle can be affected also. 
Animals with subclinical infections, regardless of age, may be the source of 
infection. Disease outbreaks are most likely to occur wherever there is an 
aggregation of young stock under conditions permitting the accumulation and 
sporulation of large numbers of oocysts. Because of the tremendous reproduc
tive potential of the parasite, continued successive transmission of the para-
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sites from one animal to another results in the dissemination of large num
bers of oocysts to contaminate the environment. Hammond (1973) estimated 
that ingestion of a single sporulated oocyst of E. bovis by a calf could result in 
the passage of 12 million unsporulated oocysts. Over a period of time, enough 
oocysts become present in the environment so that cattle ingesting them 
develop clinical coccidiosis. The feeding of 100,000 sporulated oocysts to a 
3-week-old calf frequently results in a fatal infection. 

Older cattle can also be severely stricken with coccidiosis, usually when they 
are stressed by factors such as crowding, changes of feed, severe weather, 
castration, and dehorning. An outbreak of coccidiosis may occur 18 to 30 
days after cattle have been shipped to a feedlot. 

Clinical Signs 

The severity of coccidiosis in cattle is directly related to the severity of 
damage to the intestinal epithelium in the host, which in turn depends on the 
number of sporulated oocysts of pathogenic species ingested by the animal. 
The ingestion of a few oocysts produces few or no apparent signs, except that 

Fig. 2. Calf with clinical coccidiosis. (USDA Regional Parasite Research Laboratory file photo
graph.) 
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the feces may be less formed than normal. In mild cases, the calves have 
signs that include diarrhea, weakness, and loss of appetite (anorexia). Streaks 
of blood may be present in the feces. In acute cases, the feces are very fluid 
and are bloody. The feces may also contain strands of mucus and pieces of 
intestinal mucosa. During this acute stage of the disease, the calves may 
become emaciated, dehydrated, weak, and listless. They may have rough 
coats, drooping ears, and sunken eyes (Fig. 2). They often have severe 
straining while trying to defecate (tenesmus). The tail, hindquarters, and 
lower part of the body may be soiled with feces, and these areas often become 
denuded of hair. The fluid, bloody feces usually have an extremely foul odor. 
In this generally weakened condition, a calf may defecate without attempting 
to stand up. 

The acute phase of the disease with severe diarrhea lasts for 3 to 5 days. 
Calves that succumb to the disease usually die 4 to 10 days after the acute 
phase has begun. Secondary infections, especially pneumonia, are common 
during the acute phase of the disease. Dehydration is another common 
sequelae. Calves that do not succumb recover slowly. The feces return to 
normal within a week after the acute phase has passed, but calves often 
require about 2 weeks to regain their strength and several weeks to regain 
their lost weight. 

Some calves exhibit a central nervous system (CNS) disorder during coccid
ial infections. The CNS disturbance may be mild, with only minor muscular 
incoordination and twitching plus occasional circling and loss of balance. 
Often the CNS signs are more severe; the animals may have convulsive 
seizures or periods of body rigidity alternating with periods of relaxation. 
Although most reported cases have involved E. zuernii, the pathogenesis of 
this CNS disorder associated with coccidiosis is not well documented. One 
theory suggests that this syndrome is related to an electrolyte imbalance 
caused by severe losses of fluids following intestinal mucosa destruction, 
which results in cerebral edema and the subsequent signs. Another theory 
suggests that the CNS signs are caused by a toxemia reSUlting from the 
presence of the coccidia. 

Pathology 

Mature first-generation schizonts of E. bovis are visible grossly in the ileum at 
the tips of the villi, whereas those of E. zuernii occur in the ileum near the 
muscularis mucosa and are not visible grossly. Schizonts cause few if any 
gross lesions except perhaps for a slight hyperemia of the mucosa. Microscop
ically, the cytoplasm of the host cell containing a mature schizont of E. bovis 
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or E. zuernii is stretched into a thin covering layer. The host-cell nucleus is 
enlarged and the nucleolus is prominent. Schizonts of E. bovis are often sur
rounded by a thin multicellular envelope outside the host cell, and E. zuernii 
schizonts are often surrounded by one or more layers of lymphocytes. Large 
numbers of eosinophils are sometimes present in the lamina propria in asso
ciation with E. bovis. Adjacent mesenteric lymph nodes are often enlarged but 
rarely contain coccidial stages. 

Second-generation schizonts of E. bovis and E. zuernii in the cecum and 
colon apparently have little or no pathologic effect until they mature. The 
infected host cell then enlarges and the host-cell nucleus becomes indented 
because of the mass of the schizont. Little inflammatory reaction occurs, 
except that the lamina propria may have increased numbers of neutrophils, 
lymphocytes and macrophages. 

The sexual stages of E. bovis and E. zuernii cause extensive lesions. Where
as E. bovis affects primarily the mucosa of the cecum and proximal large 
intestine, E. zuernii affects the cecum as well as the entire large intestine, 
including the rectum. Affected epithelial host cells lose their columnar shape, 
and destruction is in the surface epithelium as well as in the crypts. Some 
crypts become distended with oocysts and inflammatory debris. Hemorrhage 
is often extensive. In the lumen, numerous oocysts are usually present along 
with erythrocytes, leucocytes, strands of fibrin, and necrotic debris. The 
lamina propria contains numerous plasma cells, lymphocytes, neutrophils and 
eosinophils. Capillaries of the lamina propria may be directly exposed to the 
lumen in areas where the epithelial layer has sloughed. 

The prominent gross lesions in the mucosa of the cecum and large intestine 
of severely affected calves include extensive hemorrhage and sloughing of 
epithelium. Feces are semiliquid and bloody in the early stages of such 
infections, but later they become formed masses of sloughed mucosa, blood 
cells, fibrin, and oocysts. These coagulated masses may resemble a pseudo
membrane. Large areas of mucosa are destroyed in severe infections. The 
serosal surface of the cecum and large intestine is often reddened opposite the 
affected mucosal areas but otherwise appears anemic. Adjacent lymph nodes 
are often edematous and enlarged. Serous atrophy of the mesenteric fat 
frequently occurs. The other abdominal organs have few if any specific gross 
changes. 

Immune Response 

Little is known about the immune response to most species of cattle coccidia. 
Immunity to E. bovis has been most extensively studied, mainly because 
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experimental infections of E. bovis can be produced consistently in calves. A 
single oral dose of about 100000 sporulated E. bovis oocysts stimulates a 
fairly strong resistance to reinfection in calves. Resistance is not complete as 
evidenced by the production of some oocysts from a challenge inoculation, 
but the number of oocysts produced is very much reduced and clinical signs 
are absent. Resistance of older cattle to experimental infections of E. bovis and 
E. zuernii is well established and is probably attributable to immunity devel
oped from prior infections with the coccidia; keeping calves free of coccidia is 
almost impossible. 

Controversy exists as to whether the host's immune response to coccidia is 
related to humoral or cellular factors, or both. Although humoral antibodies 
to E. bovis have been demonstrated in calves (Andersen et al., 1965), inocu
lation of susceptible calves with blood cells or serum from immune calves did 
not produce any noticeable protection against infection, as measured by 
oocyst production and clinical signs (Senger et al., 1959; Fitzgerald, 1964). 

Cellular factors may also be involved in coccidial immunity in calves. An 
antigen prepared from unsporulated occysts of E. bovis was used to demon
strate delyaed hypersensitivity (a type of cell-mediated immunity) in calves 
infected with E. bovis. Delayed hypersensitivity to the oocyst antigen was 
transferred to previously nonreactive calves by inoculation of either lympho
cytes or transfer factor (a product made from lymphocytes). Partial immunity 
to E. bovis infections, as measured by reductions in the number of oocysts 
passed and the deaths due to coccidiosis, was demonstrated in calves treated 
with transfer factor (Klesius et al., 1975; Klesi us and Kristensen, 1977). 

Laboratory Aids to Diagnosis 

With a certain amount of practice, coccidial oocysts of cattle can be identified 
to species. The sporulated oocyst is especially useful in differential diagnosis 
because it has many more morphological characters than the unsporulated 
oocyst. A routine laboratory procedure for the sporulation of oocysts is to mix 
feces containing oocysts in about two volumes of 2.5% potassium dichromate 
solution and place the mixture in a thin layer in a petri dish with the top left 
ajar. The mixture is maintained at about 20°C and gently stirred daily; after 
several days, with the exact time depending on the species, the oocysts will 
be sporulated. This process is time-consuming, however, and most investiga
tors identify the species on the basis of the unsporulated oocyst. A calibrated 
ocular micrometer is needed in either case to measure the oocysts. The 
measurements for the sporulated oocysts given in the reviews of Levine and 
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Ivens (1970) and Pellerdy (1974) can also be applied to the unsporulated 
oocysts, because there are no significant differences in size. 

In addition to size, other features useful in identification of unsporulated 
oocysts include the shape, the color and texture of the oocyst wall, and the 
presence or absence of a micropyle. Photomicrographs and drawings of unspo
rulated and sporulated oocysts from cattle can be found in the reports of 
Christensen (1941), Lee and Armour (1959), Joyner et al. (1966), and Levine 
and Ivens (1970). Photomicrographs of unsporulated oocyts of E. bovis and E. 
zuernii are presented in Fig. 3. 

The simplest and fastest method of examining feces for oocysts is a direct 
fecal smear. In this procedure a small amount of feces is placed on a glass 
slide and mixed with a drop of water. A coverslip is placed on the mixture 
and the fecal suspension is examined microscopically. Although this tech
nique is fast and requires little equipment, oocysts may not be found because 
of the small amount of feces examined. 

Most investigators use one of a variety of flotation techniques that concen
trate the oocysts in the feces. Many solutions can be used as the flotation 
medium, including zinc sulfate, magnesium sulfate, sodium nitrate, sodium 
chloride, and sucrose. Sheather's sugar solution has the advantage that the 
solution evaporates rather slowly and does not distort the oocysts as some salt 

Fig. 3. Photomicrographs of unsporulated oocysts. (a) Eimeria bovis (b) Eimeria zuernii. 1800 X . 
(Original.) 

387 



solutions do. It is prepared by adding 500 g of sucrose to 320 ml of water. 
This· mixture is boiled gently, with frequent stirring, until the solution is 
clear. The solution is allowed to cool and 6.5 g of melted phenol is added as a 
preservative. 

A simple technique to concentrate oocysts by flotation is as- follows: 
1. Mix about 2 to 3 g of feces in about 113 test tube of water. 
2. Place a piece of cheesecloth or gauze over a 15-ml centrifuge tube and 

pour the fecal mixture through the cheesecloth into the centrifuge tube. 
3. Fill the centrifuge tube to the top with Sheather's sugar solution. 
4. Place a coverslip on the top of the centrifuge tube so that the liquid 

touches the coverslip. 
5. Wait 5 minutes. 
6. Centrifuge at about 400 g for 5 minutes. 
7. Remove the coverslip from the tube, place it on a microscope slide, and 

examine the sample for oocysts with a microscope at 100 X . 

There are many modifications of this technique. One that does not require 
centrifugation of the sample is to add 3 g of feces to about 30 ml of flotation 
solution in a beaker or paper cup, mix well, strain through a single layer of 
gauze into a vial, place a coverslip on the vial so that it contacts the liquid, 
wait about 10 minutes, remove the coverslip and place it on a slide, and 
examine the sample as above. 

Oocyst counts are important in some areas of research on coccidia, such as 
studies on the effects of drugs on the parasites, but are not extensively used 
in clinical diagnosis. Oocyst counts are also used in field surveys to determine 
the intensity of coccidial infections in cattle. A technique often used for 
counting oocysts is a modification of the well-known McMaster technique 
and is as follows: 
1. Place 15 g of feces in 135 ml of water and mix well, preferably with an 

electric mixer. 
2. Add 1 ml of the above solution to 2 ml of Sheather's sugar solution in a 

small vial and mix well. 
3. Fill a McMaster chamber with the feces-sugar solution mixture. (McMas

ter slides are available commercially, and instructions for their construc
tion are given by Whitlock [1948].) 

4. Allow the preparation to stand for at least 5 minutes to allow the oocysts 
to rise to the top of the chamber. 

5. Count the oocysts in the ruled area of the chamber and multiply the 
number of oocysts by 200 to give the number of oocysts/g of feces. 
(Note: Commercial McMaster slides have two chambers on each slide, so 
if both chambers are used for the same sample, the total number of 
oocysts is multiplied by 100.) 
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Care must be taken in assessing the significance of the number of oocysts 
of a pathogenic species present in th~ feces and their relationship to disease. 
A count of 5000 oocysts/ g of feces is considered high enough by some 
investigato.rs to warrant the judgment that the animal has the disease. Other 
investigators have routinely found 10 000 E. bovis oocysts/ g of feces in pas
tured calves without visible signs of coccidiosis. In some acute E. zuernii 
infections, clinical signs are present before the infection becomes patent 
(before oocysts may be found in the feces). A diagnosis of coccidiosis must be 
based on the presence of signs, the presence of oocysts of E. bovis or E. 
zuernii in the feces, and the appropriateness of the clinical history of the 
individual calf and herd. A diagnosis of clinical coccidiosis should not be 
based merely on the presence of large numbers of oocysts, especially if they 
are of the other, apparently nonpathogenic species that are frequently encoun
tered in feces of young calves. 

Microscopic examination of scrapings and stained sections of intestinal 
tissues are also used in the diagnosis of coccidiosis at necropsy. Either living 
or fixed life-cycle stages can be identified in infected tissue. The pathogenic 
endogenous stages of both E. bovis and E. zuernii occur in the cecum and 
large intestine, in which areas that have gross coccidial lesions (see Pathology) 
should be examined microscopically. Eimeria zuernii usually produces lesions 
in the entire large intestine from the cecum to the rectum, whereas E. bovis 
lesions are usually confined to the cecum and upper part of the colon. In 
scrapings of infected tissue, oocysts of the two species can be easily differen
tiated, since those of E. zuernii are usually subspherical and those of E. bovis 
are usually ovoid. Also., many E. zuernii schizonts are present in the mucosa 
and are easily abservable along with the sexual stages and oocysts, whereas 
with E. bovis sexual stages and aacysts are apparent but schizonts are few and 
not readily apparent because of their small size. 

Large schizonts faund in scrapings and tissue sections from the small 
intestine may be those of E. bovis, E. zuernii, or E. auburnensis. In additian, 
the mature microgametocyte af E. auburnensis, which accurs in the same 
lacation, is large and may be misidentifified as a schizont. These stages are 
easily confused and are not readily identifiable to species except by an expert. 
First-generatian schizonts of E. bovis protrude from the tips of the villi into 
the lumen and may be seen grossly at necrapsy as white, pinpoint dots an the 
surface of the epithelium; crushing one of these in saline releases many 
motile merozaites, visible on micrascopic examination. The mature first
generation schizont af E. zuernii, and the mature first-generation schizont and 
the mature microgametacyte of E. auburnensis, are located deeper in the 
tissue and are not visible grossly. 
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Prevention and Control 

Because coccidia are transmitted by fecal contamination, and animals become 
infected by ingesting sporulated occysts in contaminated feed or water or by 
licking other contaminated animals or material, sanitation and isolation are 
important in preventing coccidiosis. 

Dairy calves should be isolated soon after birth and kept separately in 
individual stalls or pens. Before use, stalls or pens should be thoroughly 
cleaned, preferably with high-pressure steam, and allowed to dry completely. 
Any water left standing in the stall or pen becomes a good environment for 
sporulation of oocysts. Then pens should be cleaned daily and old bedding 
should be replaced at regular intervals, before it becomes heavily soiled with 
feces. Buckets and other utensils used to feed and water calves should be 
marked and used for individual calves. After use, they should be washed with 
hot water and detergent and rinsed thoroughly with hot water. Feed and 
water containers should be placed high enough in the stalls to prevent fecal 
contamination. 

Calves that cannot be isolated in individual stalls or pens should be segre
gated by age in large holding pens; younger calves should never be penned 
with older calves. Pens should be kept clean and dry and care should be 
exercised so that feces are not carried from one pen to another. 

Fig. 4. Feedlot cattle with signs of coccidiosis, including tenesmus and feces-stained hindquarters. 
(Photograph courtesy of Dr. Robert Pierson, Colorado State University, Fort Collins, Colo
rado.) 
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Pastures or ranges for birth and rearing of beef calves should be clean and 
well drained. Overstocking and crowding should be avoided. Wet areas 
around feeding places should be filled in or drained. Feeding sites should be 
changed regularly. 

Caution should be exercised in moving cattle to feedlots. The stress of 
moving and feedlot entry procedures frequently triggers outbreaks of clinical 
coccidiosis. The feedlots should be well drained and cleaned as often as 
possible. In feedlots where coccidiosis is a persistent problem because of 
heavy contamination with coccidial oocysts, the surface layer of soil should be 
removed and replaced with small gravel. Figure 4 shows feedlot cattle with 
typical signs of coccidiosis, including tenesmus and feces-stained hindquart
ers. 

Calves with clinical signs of coccidiosis should be isolated to prevent 
contamination of other calves. The remaining apparently healthy calves in the 
pen should also be treated for coccidiosis because some of them are probably 
in the early stages, or prepatent period, of the disease. 

The difficulty with treatment of clinical coccidiosis is that the signs of the 
disease do not become evident until the disease is far advanced, the parasite 
has already passed through the part of the development cycle in which the 
available drugs are effective, and the digestive tract is already severely dam
aged. In some cases, medical treatment is to no avail when signs are present, 
and the infected calf either dies or recovers on its own. This is the reason that 
so many home remedies have been reported to be successful in the treatment 
of bovine coccidiosis. Treatment of the infected animal at the first sign of 
clinical coccidiosis with an anticoccidial drug at a therapeutic level will stop 
development of the coccidia that have not completed their cycle. In addition 
to using the anticoccidial drug, using electrolytes to control dehydration and 
antibiotics to control secondary infections helps in severe cases of coccidio
sis. 

Several drugs have been shown to be effective in the treatment of bovine 
coccidiosis. The sulfonamides probably have been used most widely in the 
past and are still extensively used today in many parts of the world. Among 
the sulfonamides that have been used effectively against bovine coccidiosis 
are sulfaguanidine, sulfamethazine, sulfabromomethazine, sulfamerazine, and 
sulfaquinoxaline. Recently, other drugs have been developed that are highly 
effective against bovine coccidiosis; these include amprolium, decoquinate, 
and monensin. These drugs are used for both therapeutic and prophylactic 
treatments. All drugs used for treatment of bovine coccidiosis should be used 
only in accordance with the manufacturer's direction or as prescribed by a 
veterinarian. 
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32. EAST COAST FEVER * 

A.D. Irvin and M.P. Cunningham 

Abstract. East Coast fever (ECF) is a tick-borne disease of cattle occurring in large 
areas of East and Central Africa. It is currently the major constraint to development of 
the livestock industries in the countries affected. The disease is caused by Theileria 
parva which is transmitted by the ixodid tick Rhipicephalus appendiculatus. The para
site undergoes a complex life cycle in both the vector and the bovine host, and the 
pathogenic stage, the macroschizont, occurs in bovine lymphoid cells. In susceptible 
cattle there is high mortality as a result of lymphoid cell destruction. Animals which 
recover from infection have a long-lasting immunity to homologous challenge, but 
may be susceptible to challenge with other strains, particularly those of buffalo 
origin. 

Control of the disease is essentially by acaricidal control of vector ticks, but immu
nization and chemotherapy, both of which are still in the experimental stages, show 
encouraging developments and should soon make an important impact in limiting or 
even eradicating the disease. 

Introduction 

East Coast fever (ECF) is a tick-borne protozoal disease of cattle caused by 
Theileria parva. Apart from cattle the only species known to be susceptible are 
the closely-related buffaloes Syncerus caJJer and Bubalus bubalis. The disease 
occurs across a large area of east and central Africa, particularly in Uganda, 
Kenya, Tanzania, Rwanda, Burundi, Zambia, Zaire and Malawi. It has been 
estimated that one animal dies approximately every minute from ECF; this 
represents an annual loss of around fifty million dollars. This figure does not 
take account of indirect losses from reduced productivity nor of the vast sums 
of money expended on disease prevention, particularly tick control. The 
overall economic loss may therefore be ten or even more times higher than 
the above figure; this represents an enormous and unacceptable drain on the 
resources of developing countries. The current chapter emphasises the biolog-

* ILRAD Publication No. 96. 
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ical and practical aspects of ECF as it occurs in the field. Further details of 
the disease can be obtained from recent reviews by Barnett (1977), and 
Purnell (1977). 

Classification 

Theilerial parasites are placed in the sub-phylum Sporozoa (Apicomplexa). 
Many taxonomists then split the sub-phylum into parasites with a proven 
sexual cycle (malaria, coccidia etc.) and those without (piroplasms). Since, 
however, it has recently been shown that a sexual cycle almost certainly does 
occur in piroplasms, the separating of them from the main body of the 
Sporozoa seems no longer tenable. A more satisfactory classification for T. 
parva in the light of recent knowledge is as follows: 

Phylum Protozoa 
Sub-phylum Sporozoa (Apicomplexa) 
Class Teleospora 
Sub-class Coccidia 
Order 
Sub-order 
Family 
Genus 

Eucoccida 
Piroplasmorina 
Theileriidae 
Theileria 

Species parva 
Other genera of the Theileriidae have been described including Gonderia, 

Haematoxenus and Cytauxzoon, but the current tendency is to drop these 
names as more details of life cycles become revealed and, although Cytaux
zoon may survive, theilerial parasites may eventually all be classified under 
the genus Theileria. 

Life cycle 

In the bovine host 

The life cycle of T. parva is shown in Fig. 1. Some of the stages still remain 
to be elucidated, but the recent evaluation of the sexual cycle by Schein and 
his colleagues (Schein et al., 1977) has resolved the largest area of confu
sion. 

Sporozoites from infected ticks are injected into cattle during the course of 
normal tick feeding. If ticks feed on a susceptible animal there is an occult 
phase of about 5 days before parasites can be detected in the local drainage 
lymph node adjacent to the site of tick bite. It is not known what happens 
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Fig. 1. Life cycle of Theileria parva. 

SCHIZOGONY 

1. Sporozoites injected with saliva into bo
vine host when infected tick feeds. 

2. Sporozoite invades lymphocyte. 
3. Transformation of lymphocyte to lympho

blast is induced by the parasite which dif
ferentiates into a macroschizont in the cell 
cytoplasm. 

4. Macroschizont grows as disease progresses 
(A verage size 4.8,um). 

5. Macroschizont infected cell divides, ma
croschizont nuclear particles become al
igned along the spindle. 

6. Two infected daughter cells are formed. 
7. Macroschizont-infected cell degenerates 

releasing free macroschizont. 
8. Free macro schizont may be able to invade 

an uninfected lymphoid cell. 
9. Macroschizont differentiates to a micros

chizont. 
10. Microschizont-infected cell ruptures rel

easing micromerozoites (1-1.5 ,u m). 
11. Micromerozoites invade erythrocytes to 

form piroplasms (3-5 ,um). 

GAMETOGONY 

12. Piroplasm-infected blood taken into tick 
gut as tick feeds. 

"-.. 

~ 
\ 5 

13. Erythrocytes lyse; micro- and macroga
monts develop from piroplasm ring 
forms. 

14. Formation of male micro- and female 
macrogametes. 

15. Anisogamy and zygote formation. 
16. Zygote invades gut cell and undergoes 

differentiation to akinete (19 ,um). 
17. Motile kinete breaks out from gut cell. 
18. Free kinetes in tick hemolymph. 

SPOROGONY 

19. Kinete invades salivary gland acinar cell 
(usually type III acinus). 

20. Kinete rounds up. 
21. Parasite nuclear division and formation of 

sporont (primary fission body). 
22. Invagination of sporont and formation of 

buds. Futher development is delayed until 
tick starts to feed in its next instar. 

23. Primary sporoblasts develop from sporont 
buds to form cytomeres (secondary fission 
stage) Hypertrophy of host cell and cell 
nucleus. 

24. Division of primary sporoblasts to secon
dmy sporoblasts (tertiary fission stage) and 
formation of sporozoites (1-1.5 ,u m) which 
are released into salivary duct. Host cell 
and nucleus degenerate, parasite residual 
bodies remain. 
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during these 5 days but it is likely that sporozoites very rapidly enter target 
lymphoid cells, and thus escape the phagocytic, lytic and immunological 
defences of the host. Infected (and possibly uninfected) lymphocytes trans
form to lymphoblasts, with larger and less dense nuclei and increased cyto
plasm. There is rapid proliferation of these cells and growth of macroschi
zonts. Expansion of this infected lymphoblast population is mainly by divi
sion of infected cells. This division appears to be stimulated by the presence 
of the parasite, which itself divides in synchrony with the host cell to produce 
two infected daughter cells. Invasion of uninfected lymphoid cells by free 
macroschizonts probably also occurs. The mechanism of the last mode of 
infection is not clear but may be through membrane fusion of cells in close 
apposition. 

A proportion of macroschizonts differentiate to microschizonts from about 
day 14 after tick attachment. The mechanism of differentiation is not known. 
Microschizont-infected cells rupture to release micromerozoites which invade 
erythrocytes and differentiate to piroplasms. Piroplasm-infected erythrocytes 
are then available to infect ticks feeding on the blood of the infected animal. 
Piroplasms of T. parva only rarely appear to divide within erythrocytes, in 
contrast to T. mutans and Babesia spp. 

In the tick 

The normal vector of ECF is the ixodid tick Rhipicephalus appendiculatus .. this 
is a 3-host tick: the three instars (larva, nymph and adult) all feeding on 
separate hosts. Transmission of ECF is transstadial: a larva which becomes 
infected by feeding on a parasitemic cow can transmit infection as a nymph, 
and a nymph which becomes infected can transmit infection as an adult. 
There appears to be no trans-ovarial transmission (as occurs in Babesia infec
tions), nor can ticks infected as larvae transmit infection as adults, since there 
is no carryover of infection from the nymph. 

Nymphs feeding on an infected cow take piroplasm-infected erythrocytes 
into their gut. Erythrocytes lyse releasing the piroplasms; many of these are 
digested but a proportion of the ring forms differentiate into macro- and 
microgametes. Fusion by a process of anisogamy is assumed to occur to 
produce a zygote about 6 days after nymphal repletion; this invades a cell in 
the gut wall and during the course of the tick moult develops to form a 
motile kinete which is released into the tick hemolymph. Kinetes invade the 
tick salivary glands and undergo differentiation to sporonts. Further develop
ment is delayed until the now-adult tick begins feeding on a new host. Rapid 
parasite development then occurs, as shown in Fig. 1, and after about 3 days 
of feeding, mature sporozoites develop which are released in the saliva. Peak 
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sporozoite production is reached by day 5 but sporozoite release may persist 
throughout the feeding period of the ticks (normally about 10 days for 
females; males may feed intermittently over a much longer period). 

Epidemiology 

Effect of climate 

East Coast fever is confined to areas where the vector tick R. appendiculatus 
occurs, and the incidence and occurrence of infection is closely linked with 
the size and activity of the tick population. Rhipicephalus appendiculatus 
occurs from sea level to altitudes over 7000 ft provided that there is adequate 
vegetation and a rainfall in excess of 20 inches a year. In many ECF endemic 
areas rainfall is markedly seasonal; tick activity follows the onset of rain and 
this in turn results in outbreaks of ECF. During the dry seasons tick activity 
is minimal and the number of ECF cases falls accordingly. In other areas 
where there is more constant rainfall, for example around Lake Victoria, in 
highland areas, or along parts of the coast, tick activity may be continuous 
and ECF can occur at any time. 

In areas where there is constant challenge, cattle are continually exposed to 
infection from birth. If challenge is severe there can be high mortality in 
young animals. Surviving cattle, however, become immunized and are fully 
resistant to subsequent challenge and are able to thrive in such areas. On the 
other hand, in areas where challenge is seasonal or where survival of R. 
appendiculatus is marginal, exposure of cattle to infection may be very irreg
ular and, in immunized animals, immunity may wane. This means that when 
the challenge rises, at the onset of the rains for example, cattle losses can be 
enormous because of the presence of young animals not previously exposed 
and of a proportion of older animals with reduced immunity. The same type 
of increased challenge can occur when stock owners are forced, in times of 
drought, to move out of marginal areas to graze their stock in wetter endemic 
areas. Similarly, in times of prolonged and heavy rain, areas that are normally 
marginal for R. appendiculatus may become ecologically suitable for the tick 
with disastrous effects on cattle. 

Cattle 

Cattle in many endemic areas show a high degree of resistance to ECF; much 
of this is acquired as a result of challenge, but there is good evidence that 
genetic selection of resistant stock can occur and there are instances where 
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progeny of a particular sire or dam have shown high innate resistance to ECF. 
Unfortunately this finding has not been exploited nor have the genetic factors 
responsible for resistance been determined, although hemoglobin type may be 
one such factor. One genetic feature which seems clear however is that cattle 
of Bas indicus type (Zebu) are naturally more resistant than Bas taurus type 
(European breeds). Much of the evidence for this strain difference is circum
stantial and experimental proof is scanty. Bas indicus populations as a whole 
may have an innate resistance to ECF or African populations may have been 
naturally selected for resistance to the disease. At this stage the mechanism is 
not known. Similarly circumstantial evidence suggests that young animals may 
be naturally more resistant than older animals, but again properly-designed 
experiments have to be conducted to confirm or refute this. 

From a practical point of view, the introduction of susceptible cattle into an 
ECF -endemic area will result in a high death rate irrespective of age or breed. 
In Bas taurus cattle morbidity and mortality rates can approach 100%. In Bas 
indicus these figures may be lower, but losses will nonetheless be severe. 

Parasite species and strains 

The causative agent of ECF is classically T. parva, but in the field the 
presence of other theileria I parasites can complicate the picture. The two 
commonest species isolated are T. lawrencei and T. mutans. Theileria lawrencei 
occurs naturally in buffalo (Syncerus caffer). There is a high morbidity rate but 
mortality rate is not known; however, surviving animals frequently become 
carriers of the parasite and experimental work has shown that they can 
continually infect ticks for at least 3 years. The vector is R. appendiculatus 
and consequently in areas where cattle and buffalo populations overlap there 
is every opportunity for cattle to become infected. In cattle, T. lawrencei 
causes high mortality, but macroschizont-infected cells are few and piroplasm 
production scanty. This means that infection cannot readily be transmitted to 
ticks from cattle, but only maintained by buffalo in which piroplasms are 
constantly circulating. If however T. lawrencei is passaged through cattle, as 
has been done experimentally, it quickly reverts to a parasite indistinguishable 
from T. parva, which causes a syndrome indistinguishable from ECF. The 
obvious inference from this is that T. parva is a cattle-adapted variant of T. 
lawrencei which causes high mortality in an abnormal host but only low 
mortality in the natural host. In view of this apparent conspecificity it would 
seem rational to adopt the recently suggested nomenclature of T. parva parva . 
for the cattle parasite and T. parva lawrencei for the buffalo one. 

When African buffalo are infected experimentally with T. parva, either of 
cattle origin or transformed from buffalo, they undergo mild or inapparent 
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infections. This is in contrast to the Asiatic or water buffalo (Bubalus bubalis) 
which usually dies - a factor which has prevented the exploitation of these 
animals in Africa. 

Theileria mutans occurs widely in both cattle and African buffalo. The 
reported vectors are Amblyomma variegatum, A. cohaerens and A. gemma. The 
parasite is normally apathogenic, but pathogenic strains have been encoun
tered in a number of countries. The parasite divides in the erythrocytes and 
can cause an anemic syndrome which may be fatal. An asymptomatic T. 
mutans carrier state is common in both cattle and buffalo. 

Theileria parva parva, T. parva lawrencei and T. mutans frequently occur 
together in the field, making a complex clinical syndrome which would be 
diagnosed as ECF, but which could not be controlled effectively until the 
complexities were unravelled. An example of such a situation has been 
described at Aitong in Kenya (Irvin et al., 1972). 

In addition to the buffalo (Syncerus caffer) a number of other wild animal 
species have been implicated in the epidemiology of ECF; they include eland 
(Taurotragus OIYX), bushbuck (Tragelaphus scriptus), kongoni (Alce/aphus buse
laphus), wildebeeste (Connochaetes taurinus), waterbuck (Kobus eflipsiptymnus) 
and others. Much of the evidence is speculative or circumstantial but a 
number of facts have been established: a parasite, T. taurotragi isolated from 
eland, can be transmitted to cattle and cause a mild theilerial syndrome; most 
African antelopes and other Bovidae harbour piroplasms in their blood indis
tinguishable from T. pm'va, but attempts to transmit these experimentally to 
cattle have largely failed; tick populations, including those of R. appendicula
tus, can be maintained by wild Bovidae in the absence of cattle. 

The occurrence, in the same area, of different theilerial species can result in 
a complex field syndrome, but perhaps even more important from the practi
cal view point is that different immunogenic strains of T. parva exist in 
different areas. A strain from one area may not therefore cross protect with a 
strain from another area. This makes the question of control by vaccination 
much more difficult, since a multiplicity of strains may be required to protect 
cattle which are moved from one area to another. 

Vectors 

The normal vector of T. parva is R. appendiculatus and it seems likely that 
the disease cannot be maintained in areas from which this tick is absent. 
However, other species including R. evertsi, R. pulcheflus, R. carnivoralis, R. 
compositus, R. jeanneli, R. pravus, R. simus, Hyalomma truncatum and H. 
dromedarii, have been shown capable of transmitting infection experimentally 
but, with the possible exception of R. evertsi, they probably play no significant 
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role in the epidemiology of the disease since, in most cases, the nature of 
their life cycles precludes their acting as vectors of ECF. 

The survival of R. appendiculatus in the pasture is determined very much 
by climatic and other ecological factors, but it has been shown that infected 
ticks have survived in suitable areas left fallow for nearly two years. At the 
end of this time they were still able to infect cattle. Under less favorable 
conditions, survival of infected ticks is of the order of a few months. 

The infection rate in ticks in endemic areas is usually low; there is a high 
percentage of immune animals which will cleanse infected ticks, and at any 
one time only a small number of animals will have piroplasms circulating in 
their blood. Infection rates in ticks are then of the order of 1 to 2 %. This 
means that for a susceptible animal to become infected with ECF it must be 
subjected to a high tick challenge. 

However in areas where there are many susceptible cattle, infection rates in 
ticks can become much higher once ECF becomes established, since there 
will then be a high proportion of parasitemic animals and a much greater 
opportunity for ticks to acquire infection. This in turn means that susceptible 
animals can become infected with ECF after infestation with only a few 
ticks. 

Clinical signs 

The clinical signs vary according to the level of challenge and range from 
inapparent or mild to severe and fatal infections. The prepatent period and 
severity of reaction are directly proportional to the quantum of sporozoites 
injected by the ticks. However, there is a minimum prepatent period of about 
5 days which is not quantum dependent, and even in the face of massive 
experimental challenge this time cannot be reduced. Further factors that 
modify the course of the disease are the susceptibility of the host, the 
duration of time over which ticks emit sporozoites, and the different strains 
and species of theilerial parasites encountered by the host. 

In uncomplicated T. parva infection in susceptible animals the first clinical 
signs usually occur about 2 days after the appearance of macroschizonts in the 
lymph nodes draining the site of tick attachment (i.e. between days 7 and 10). 
The parotid lymph nodes are usually the first ones affected since they are 
adjacent to the ears which are the preferred sites of feeding for R. appendicu
latus. Swelling of the nodes occurs and the animal becomes pyrexic with a 
temperature in excess of 39.5 0c. Pyrexia continues throughout the course of 
infection and may exceed 42°C. Lymph node swelling becomes pronounced 
and generalized, and peripheral nodes, particularly the parotids, prescapulars 
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and precrurals, become prominently enlarged. Anorexia develops and the 
animal rapidly loses condition; lacrimation and nasal discharge may occur. 
Terminal diarrhea and dyspnea are,common symptoms and the animal nor
mally becomes recumbent. Just before death there is usually a sharp fall in 
temperature and severe dyspnea with massive pulmonary exudate which 
pours from the nostrils. The animal normally dies as a result of asphyxiation 
resulting from edema of the lungs. Death can occur within 14 days of initial 
infection, but more commonly occurs after 18 to 24 days. The mortality rate 
in fully susceptible animals approaches 100%. Animals which survive beyond 
4 weeks normally recover, but some field strains can produce chronic debili
tating infections which may ultimately be fatal. 

Occasionally nervous symptoms are seen, usually in partially immune ani
mals subjected to massive challenge. The condition known as "Turning 
Sickness" is characterized in the severe form by rapid turning, dizziness and 
collapse. In the less severe form, animals circle slowly and frequently press 
their heads against walls or trees. Both forms are fatal. The etiology of the 
condition is uncertain but there is a good correlation between the presence of 
macroschizonts in cerebral tissues and clinical and histopathological find
mgs. 

In partially immune animals or those subjected to continuous low level 
challenge, the disease takes a more chronic course, and animals frequently 
recover. Lymph node enlargement is the most prominent feature, but there is 
usually intermittent pyrexia, anorexia and loss of condition. This syndrome is 
commonly seen in calves in endemic areas. The effects of constant ECF 
challenge, frequently coupled with chronic malnutrition, helminthiasis and 
other conditions, result in severely retarded animals which only rarely achieve 
their production potential if they recover. The mortality rate of calves in such 
areas is related to the severity of challenge but may, in extreme cases, reach 
50%. 

Pathology 

Severity of pathological lesions varies according to the course of the disease, 
but the most constant lesion is depletion of lymphoid tissues, due to destruc
tion of lymphoid cells. Initially there is hypertrophy and hyperplasia of lymph 
nodes, but terminally there is usually lymph node edema, some hemorrhage 
and cellular necrosis. Macroschizonts are first seen about 5 days after infec
tion in lymph nodes draining the site of tick attachment; 2 to 3 days later 
there is generalised lymphoid cell infection, macroschizonts being detectable 
in most lymphoid organs as well as peripheral blood lymphocytes. This 
infection increases for about 5 to 7 days, then there is also an increase in 
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extracellular macroschizonts but this is usually followed terminally by a 
marked fall in detectable macroschizonts. Microschizonts are usually seen 
from about day 11 onwards and piroplasms appear shortly afterwards. Piro
plasm parasitemia can be very variable but normally reaches about 30% to 
40%; however it may even exceed 70% or fail to reach 5%. Parasitemia 
levels vary with different strains of T. parva. 

In circulating blood there is a progressive fall in total leukocytes, often to 
less than 1000/mm3. Granulocytes and polymorphs fall as well as lymphoid 
cells. Erythrocyte counts, packed cell volume and hemoglobin levels are 
frequently unchanged, but terminal anemia may occur with some strains. 

The most striking lesion seen at post mortem examination is massive 
pulmonary edema, hyperemia and emphysema. The alveoli, bronchi and 
trachea become filled with frothy pulmonary exudate. There may also be 
some pleural and pericardial exudate. Hemorrhages are commonly seen on 
the serosal and mucosal surfaces of many organs including the pleura, viscera, 
spleen, heart, kidneys, bladder and under the tongue. Hemorrhages on the 

Fig. 2. T. pGI'Va-infected lymph node, composite picture show intra- and extra-cellular macro
schizonts, microschizonts and piroplasms. 
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mucosal surface of the abomasum frequently ulcerate. In protracted cases 
ulcers are also seen in areas where Peyer's patches have been depleted of 
lymphoid cells. The cortex of the kidneys is frequently congested and pseudo 
infarcts of lymphoid tissue may be seen as raised white areas on the kidney 
surface. Changes in the spleen can be very variable; in texture it is usually 
friable or mushy; in appearance it can be shriveled but, in common with the 
liver, is often enlarged. Post mortem degeneration is very rapid. 

The post mortem features can vary according to the course of the disease 
and also with the strain of parasite with which the animal was infected. 

Diagnosis should be based on the detection of macroschizonts in lymph 
node biopsy or impression smears (Fig. 2). In the absence of facilities for such 
examinations, the clinical and post mortem findings coupled with the pre
sence of the vector tick should be sufficient to make an accurate diagnosis. 
Diagnostic serology can be valuable where appropriate facilities are available, 
the indirect fluorescent antibody test being the most reliable. 

Immunity 

Cattle which have recovered from ECF are strongly immune to homologous 
challenge, but may be partially or totally susceptible to challenge with a 
different strain. Recovered cattle show a sterile immunity which lasts for 
more than 3 years, even in the absence of re-infection. This immunity does 
not appear to be reduced by stress but there is some waning of immunity 
with time since, when animals of long-standing immunity are subjected to 
homologous challenge, a number will show mild febrile and parasitemic 
responses. Such responses are rare in animals recently immunized. The dura
tion of immunity under field conditions is difficult to study because of the 
frequent exposure to challenge and hence constant boosting of immunity. 

The nature of the immunity has not yet been fully determined but the 
main mechanism seems to be cell mediated. An autologous mixed lympho
cyte reaction is generated in vitro and in vivo by the host against macroschi
zont-infected cells. Stimulation, in vitro of lymphocytes from immune animals 
by autologous infected cell lines, results in generation of cytotoxic lympho
cytes. The specificity of this latter reaction and the mechanisms of other 
cell-mediated immune responses have yet to be elucidated. 

Following infection, animals show a high titre of antibodies to both macros
chizont and piroplasm antigens. Titres reach a peak 4 to 6 weeks after 
infection and may persist for 6 months or more. Titres to piroplasm antigen 
usually wane first. There may be no correlation between the level of antibod
ies and the degree of resistance to ECF, since animals which have become 
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serologically negative may be totally resistant to infection. There is no evi
dence that passively transferred antibodies, either from colostrum or from the 
sera of recovered animals, confer any protection against challenge. 

Serology plays a useful role in identifying animals which have been recently 
exposed to infection, and it can be helpful in species differentiation. The 
indirect fluorescent antibody (IF A) test is the most widely used. The comple
ment fixation (CF), capillary tube agglutination (CA) and indirect hemagglu
tination (IHA) tests have also been used but appear to be less reliable. 
Recently, promising results have been obtained using the enzyme-linked 
immunosorbent assay (ELISA) test, if these are confirmed, the test could 
supersede the IFA test since it is more specific and more easily quantified. 

Another advance of great potential is the raising of monoclonal antibodies 
against individual theilerial antigens using" Hybridoma" techniques. Immu
noglobulin-secreting myeloma cells are fused with mouse spleen cells primed 
with theilerial antigens, the resultant hybrid cells are cloned; clones of cells 
secreting appropriate monospecific antibodies are isolated. These clones can 
then be grown up in bulk, either in mice or in culture, with large quantities of 
antibody being obtained. Using such antibodies it is possible to determine, 
with great precision, the different antigenic components of different parasite 
strains and ultimately it may be possible to identify and isolate the specific 
antigens required to induce protective immunity. 

Cross immunity between different strains of T. parva parva and T. parva 
lawrence; is very variable and may be totally absent; animals resistant to one 
strain may, for example, be fully susceptible to heterologous challenge. This is 
particularly true of animals immunized against T. parva parva; these may 
frequently be susceptible if challenged with strains of T. parva lawrencei, 
although the reverse does not usually apply. Under field conditions, exposure 
to T. parva lawrence; normally occurs when cattle are grazed in areas fre
quented by buffalo. Under these conditions breakdowns of immunity can 
readily occur, partly because of lack of cross protection between T. parva 
parva and T. parva lawrencei and partly because the antigenic nature of T. 
parva lawrence; harbored by buffalo seems to change with time. Cattle immu
nized against a strain of T. parva lawrence; isolated from a buffalo may be 
fully susceptible to challenge with a strain isolated from the same buffalo 
several months later, even though fully resistant to challenge with the original 
strain. In other words buffalo can produce antigenically different organisms at 
different times, and have even been shown to produce antigenically distinct 
organisms at the same time. The nature of the antigenic change or drift is not 
known. 

This situation obviously complicates any potential vaccine program in areas 
where buffalo and cattle overlap. Fortunately a similar situation does not 
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appear to prevail where only strains of T. parva parva are concerned since, in 
contrast to buffalo, cattle recovered from infection appear to have a sterile 
immunity and do not continually circulate piroplasms in their blood. The 
carrier state in buffalo appears to be maintained by continuous slow division 
of macroschizonts and possibly also of piroplasms. Piroplasms may however, 
circulate in cattle which are exposed to continual or repeated challenge, 
particularly if they are only partially immune. This situation may be common 
in calves in an endemic area. 

Laboratory studies 

Many of the laboratory studies conducted with T. parva are not of direct 
relevance to the theme of this chapter, but there are a number which should 
be described since they represent significant advances in the study of the 
disease and have a direct bearing on practical issues. 

Macroschizont-infected Iymphoblastoid cells taken from infected cattle can 
be grown and maintained in continuous suspension culture. This achievement 
was first reported by Malmquist et al. (1970) and recent developments have 
been summarized by Brown (1979). The most important of these has been the 
in vitro transformation of bovine lymphocytes by sporozoites of T. parva and 
the isolation of macroschizont-infected cell lines (Brown et al., 1973). With 
such a system it is possible to study very effectively the immunological 
relationship between syngeneic infected and uninfected lymphoid cells, hav
ing on one hand an infected cell line and on the other the uninfected 
syngeneic donor animal. Macroschizont-infected cell lines are an important 
source of theilerial antigen for serology, they have provided a valuable tool for 
drug screening, and they may have an application in vaccination against ECF. 
This last potential has yet to be realised since problems have been encoun
tered with the large number of cells needed, the variable response induced 
and conflict between histocompatibility antigens on cells of the donor and 
recipient animals. No effective method has yet been developed to obtain free 
viable macroschizonts for potential vaccine material free of the complications 
described. 

Another important advance has been the development of a means to 
produce stabilates of theilerial sporozoites which can be cryopreserved, which 
when injected, will reproducibly infect cattle over long periods of time and 
which can be titrated down to fractions of a tick-equivalent dose. This 
development enabled workers to confirm that ECF reactions in cattle were 
sporozoite quantum dependent rather than strain dependent. This work has 
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been reviewed in detail by Purnell (1977). At present the only reliable way to 
quantitate infective sporozoites is by titration of stabilate material in cattle. 
The in vitro transformation of lymphoid cells is beginning to be used as a 
means of titrating sporozoite material, but this has yet to be correlated with 
infectivity for cattle. Another approach to this problem has been to try and 
develop a laboratory model for ECF, and although some success has been 
achieved in establishing macroschizont-infected cells in athymic nude mice 
(for review see Irvin, 1977), sporozoites of Theileria will not infect any of the 
wide range of laboratory animals so far tested. 

Control 

There are four main ways that ECF can be controlled: by vector control, by 
cattle control, by immunization and by chemotherapy. All have a part to play 
and, irrespective of the efficacy of one or other method, effective control will 
only be achieved by efficient integration of all four methods. 

Vector contra! 

In theory the most effective way to control ECF is by elimination of ticks. It 
may be possible to achieve this aim under exceptional circumstances of 
geographical isolation, but in most areas tick eradication is impractical. The 
best that can be achieved is to prevent ticks feeding on cattle by constantly 
treating the cattle with acaricides. The most common ones in current use are 
organochloride and organophosphorus compounds. The,method of application 
varies according to the facilities available and the resources of the farmer. The 
system most applicable to the small farmer is the use of a hand pump and 
spray to treat all animals individually, paying particular attention to predelic
tion sites of tick attachment. This method is inexpensive and can be very 
effective, provided the farmer has some knowledge of tick behavior. Where 
small numbers of animals are involved, hand dressing predeliction sites of 
tick attachment (particularly the ears) with acaricidal grease can be a valuable 
adjunct to spraying. 

Where larger numbers of cattle are involved the use of a spray race or a 
dipping tank is essential. The former is expensive to install and maintain but 
running costs are relatively low. The latter is also expensive to construct, 
maintenance costs are lower but constant monitoring is essential to ensure 
the dip is maintained at correct strength. The choice between spray races and 
dips is governed by many factors including the availability of materials and 
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labour, maintenance facilities, availability of water, availability of power to 
run a spray race, the number of animals to be dipped and the finances 
available. Once a system has been chosen, the effectiveness of an acaricidal 
programme will depend on the vigilance and conscientiousness of the opera
tor. The commonest fault is use of under-strength acaricide; this may be 
because of a misguided attempt by the farmer to economize or, particularly in 
the case of dips, because of dilution by rain, replenishment of water level 
without replenishment of acaricide and degradation of acaricide with time and 
organic debris. Constant monitoring of acaricide dips and washes is essential 
to ensure that the correct strength is maintained. If the concentration of 
acaricide falls not only will tick control be less effective, but there is a very 
real danger that ticks will develop acaricide resistance and populations of ticks 
will emerge that are resistant to acaricide even when it is used at normal 
strength. More details of measures to control ticks with acaricides are given 
elsewhere (Wellcome Research Organisation, 1976). 

In an ECF-endemic area acaricide treatment of cattle may need to be 
carried out twice a week. This obviously involves considerable cost and 
furthermore populations of fully susceptible cattle are thus established. This 
means that should acaricidal control break down for any reason losses from 
ECF can be enormous. Acaricide treatment should also include control of 
ticks on other livestock and exclusion by fencing of wild animal populations 
which can act as tick reservoirs. 

Cattle constantly exposed to ticks acquire resistance to infestation. Some 
breeds or individuals have a greater potential for developing resistance than 
others. Resistant animals can play an important role in reducing tick popula
tions on pastures and, if the animals are also ECF-resistant they can cleanse 
ticks of infection. Attempts are being made to induce tick immunity artificial
ly in cattle and to exploit this potentially important means of control. 

Cattle control 

In most countries, where ECF is endemic, legislation has been drawn up 
which incorporates policies to control ticks, restrict animal movement, imple
ment quarantine restrictions and impose slaughtering of infected cattle. The 
legislation, however, is not always implemented or enforced and may there
fore be ineffective. In Rhodesia and South Africa legislation was enforced and 
ECF eradicated, but the cost and effort were enormous. It is doubtful if 
similar means could be applied in other countries where the disease is 
endemic, partly because of cost and partly because the epidemiological situa
tion may be more complex. 

Even in the absence of legislation, the farmer can do much to control ECF 
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by sensible management and cattle control, coupled with acaricidal control of 
ticks. Proper fencing will prevent access of nomadic cattle and game to his 
farm and will isolate areas particularly suited to ticks. Grass burning, rota
tional grazing of pasture and alternately using land for pastures and crops, will 
help to avoid build up of ticks and infection. Grazing of pastures with sheep, 
goats or immune cattle can reduce or even eliminate infected ticks. Newly
acquired cattle should be quarantined. If an outbreak occurs it may be 
possible to contain it by slaughtering infected cattle; prohibiting movement of 
animals, people, hay and grass from infected areas; and establishing a buffer 
zone, free of animals, between infected and clean areas. 

Immunization 

Many methods of immunization against ECF have been tried. Until recent 
years these were either ineffective or else too severe in that many animals 
died. Immunization procedures are still in the experimental stage but the 
advent of T. parva stabilates, which meant that single controlled infections 
could be administered to cattle, provided the means for a series of new 
approaches to immunization. These have been summarized by Cunningham 
(1977). The most successful method has been termed "infection and treat
ment" (Radley et al., 1975). Animals are infected with a normally-lethal dose 
of stabilate on day 0 and the ensuing infection is then controlled with 
oxytetracycline drugs for 5 days. The animals thus treated undergo mild or 
inapparent infection and are subsequently fully resistant to homologous chal
lenge. In practice it has been found that a cocktail of stabilates (two T. parva 
parva strains and one T. parva lawrencei) given to cattle on day 0 followed by 
a single injection of a long-acting oxytetracycline formulation confer a high 
degree of protection against a wide range of T. parva parva strains encoun
tered in the field (Uilenberg et al., 1977). Protection against different strains 
of T. parva lawrencei is harder to achieve and, at present, it is difficult to 
envisage effective immunological control of this infection in areas where 
cattle are exposed to contact with buffalo. 

For an animal to mount an effective immunity against ECF it seems to be 
necessary for the parasite to become established within the host and to be 
presented on a syngeneic background. This poses problems of controlling the 
ensuing infection. The infection and treatment method goes a long way to 
achieving this, but other methods of immunization have also been sought. 
The problems of developing a cell culture vaccine have already been dis
cussed. The use of killed parasite preparations has been disappointing and the 
possibilities of developing an attenuated sporozoite vaccine are just now being 
explored. 
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Chemotherapy 

Oxytetracycline is effective in controlling ECF if given at the same time as 
infection, but is only slightly effective against clinical disease and then only 
when used in massive doses. Certain anti-malarial compounds, notably chlor
oquine, can be effective against the non-pathogenic piroplasm stages, but only 
recently have compounds been found which are effective against the pathog
enic macroschizonts. Studies in vitro showed that the anti-folates, aminopterin 
and methotrexate, and the hydroxy napthoquinone, menoctone, selectively 
killed macroschizonts. Studies with menoctone and derivatives have now 
been extended to the in vivo situation (McHardy ef al., 1976), and the 
compounds have been shown to be highly effective against clinical ECF. 
Much work remains to be done before a suitable agent is commercially 
available, but there is now every hope that an ECF-specific therapy may soon 
be developed. 
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33. THEILERIA INFECTIONS OTHER THAN 
EAST COAST FEVER 

G. Uilenberg 

Abstract. Cattle are infected by at least five species of Theileria other than T. parva, of 
which T. annulata, the cause of Mediterranean or tropical theileriosis, is by far the 
most important as a disease problem. Other species are of low pathogenicity (T. 
mutans, T. taurotragi) or avirulent (T. velifera) and cause benign theileriosis while 
other yet unidentified, mostly non pathogenic theilerias occur on all continents and are 
possibly related to the T. sergenti/T. orientalis group of the far eastern USSR, the 
agents of East Asian theileriosis. Hyalomma ticks are the vectors of T. annulata while 
mainly Amblyomma, Rhipicephalus and Haemaphysalis spp. are involved in the trans
mission of other species of the organism. 

Imported European breeds are far more susceptible to Mediterranean theileriosis 
than local cattle in endemic regions, which may live with the disease in a state of 
endemic stability. 

Mediterranean theileriosis is an acute febrile disease in susceptible cattle, with a 
mortality rate which may reach 70%. Involvement of lymphoid tissue is caused by 
invasion by the schizontic stage, anemia is associated with the erythrocytic piroplasm 
stage. The course, the post-mortem lesions and the pathogenesis of the various 
theilerial infections are reviewed. 

Recovery from infection by all species concerned is followed by the piroplasm carrier 
state, but persistence of the parasite is not necessary for immunity, which may last 
several years. Humoral antibodies are unimportant in protection and immunity is 
likely to be cell-mediated. 

Presumptive diagnosis on clinical signs and post mortem lesions require parasitolog
ical confirmation based on demonstrating schizonts and/or a high parasitemia. In 
addition to morphological characteristics, serological techniques are necessary for spe
cies differentiation. 

Intensive short-interval acaricidal treatment prevents transmission of theileriosis but 
there are numerous problems associated with tick control, and effective methods of 
immunization and treatment are required. Immunization against T. annulata is carried 
out in some countries, using attenuated schizonts grown in cell culture. Sporozoite 
vaccine promises to be even more effective. The occurrence of immunologically 
different strains is a complicating factor in immunization. Certain antimalarial drugs 
affect the erythrocytic stage of Theileria, while the only schizonticidal drug on the 
market is the recent coccidiostat halofuginone. 
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Disease 

Theileriosis in cattle is caused by several species of the tick-borne protozoan 
genus Theileria. Two of these are responsible for some of the most important 
bovine tick-borne diseases in the tropics. Theileria annulata causes Mediterra
nean or tropical theileriosis. Neither of these names is appropriate as the 
disease is not limited to the Mediterranean basin or to the tropics. The second 
name is more confusing as more kinds of theileriosis occur in the tropics than 
in the Mediterranean area. The second species, T. parva with biological 
subspecies causing East Coast fever, January disease, and corridor disease in 
Africa, is dealt with in another chapter. Mention should also be made of East 
Asian theileriosis, caused by T. sergenti, an important pathogen on the littoral 
of the eastern USSR according to Russian workers. Clinical theileriosis 
reported in imported cattle in tropical and subtropical countries of eastern 
Asia might be due to this or to a related species. Infections due to other 
species of Theileria in the tropics have often been grouped under the name of 
benign bovine theileriosis, which in some cases is somewhat of a misnomer. 
Some progress has recently been made in unravelling the confused taxonomy 
of bovine theilerias, and for clarity's sake this will have to be dealt with at some 
length. 

The accent in this chapter will be on T. annulata which is by far the most 
important cause of Theileria infections other than those due to T. parva. As 
the field is so large, it is impossible in the present context to quote all 
relevant literature references. The most recent general reviews of theileriosis 
are those by Barnett (1968,1977), while the review by Neitz (1957) is also still 
of value in many respects, and that by Sergent et al. (1945) still gives a useful 
account of Mediterranean theileriosis. Proceedings of a 1976 conference at 
Edinburgh (edited by Wilde, 1978) also contain much recent information. 

Etiology 

Theilerias are tick-transmitted Sporozoa, with extraerythrocytic schizonts 
occurring in the mammalian host, most commonly in lymphocytes, in addi
tion to erythrocytic stages (piroplasms) which do not produce pigment. Spor
ozoites are injected into the host with tick saliva. The infection induces a 
transformation of lymphocytes into lymphoblasts in the lymphatic glands and 
stimulates mitosis of these cells. The first stage discovered so far in the 
mammal is the macroschizont in the cytoplasm of Iymphoblasts (Fig. 1). 
During the mitotic division of infected Iymphoblasts, the schizont situates 
itself in the dividing plane and is torn into two halves, resulting in two 
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Fif!,. J. Macroschizonts of T. annulata in lymph gland smear. Giemsa staining method. 
x 1650. 

infected Iymphoblasts; an infected lymphocytic cell line is thus established. In 
addition to this method of multiplication, some transfer of schizont material 
to uninfected lymphocytes undoubtedly also occurs and this appears to be 
more frequent in T. annulata than in T. pal'va infection. The next stage is the 
microschizont which develops directly from the macroschizont by nuclear 
mUltiplication; it contains numerous small, dense nuclei which on disintegra
tion of the schizont become merozoites and enter red cells where they become 
piroplasms (Fig. 2). These multiply again by division into four, with the 
formation of a Maltese cross. In some species schizonts are few, and multi
plication is effected mainly by division of the piroplasms (for instance, T. 
mutans), in others both schizogony and division of piroplasms contribute 
materially to piroplasm numbers (T. annulata), while in T. pal'va most piro
plasms originate directly from the numerous schizonts and do not themselves 
divide to a great extent. 

Transmission is transstadial. The cycle in the tick appears to include sexual 
development in the gut, with formation of macro- and microgametes and 
zygotes; the latter change into kinetes which move through the hemolymph 
to the salivary glands where cytomeres and sporoblasts are formed. These 
remain dormant until, after moulting, the next tick stage starts to feed; 
intense multiplication results in the formation of large numbers of infective 
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Fig. 2. Piroplasms of T. parva in blood smear. Giemsa staining method. x 1400. 

sporozoites in the acinus cells of the salivary glands. Recent work on the 
cycle in the vector has mainly been carried out by Schein and co-workers in 
Berlin. 

The various species of Theileria are distinguished by differences in the 
morphology of both piroplasms and schizonts, serological differences (the 
indirect fluorescent antibody (IF A) test being the main one used), differences 
in vector species and differences in pathogenicity; knowledge of biochemical 
differences is still virtually nonexistent. The shape of the piroplasms varies 
from round and oval to elongate, rod and comma shaped, but the percentages 
of these different forms are to some extent variable and cannot be considered 
as a reliable criterion for the distinction of species, although in combination 
with other characters they may be of some help. In some species a bar-like 
structure and/or an oval or rectangular body consisting of crystalloid hemo
globin-derived material occurs in the cytoplasm of the infected red cells (Fig. 
3); for further details of these structures, the reader is referred to Van Vor
stenbosch et af. (1978) and Young et al. (1978a). The schizonts of a few 
species have not yet been discovered, while T. mutans is distinguished by its 
large macroschizonts, containing relatively few large nuclei. 

Until recently only three or four species were generally accepted, but it has 
become apparent that the taxonomy of bovine Theileriae is far more compli
cated than was recognized, and it should be realized that bovine theilerias in 
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Fig. 3. Theileria sp. (England) in blood smear. Note associated bar as thin line and crystalloid 
body as dark oblong patch (arrows). Giemsa staining method. X 1600. 

many parts of the world have not yet been properly examined as to their 
relationship with characterized species and strains. 

Apart from T. parva reviewed in another chapter, we recognize the follow
ing species and groups of strains in cattle: 

Theileria annulata. Pathogenic, causing Mediterranean or tropical theilerio
sis. Both schizonts and piroplasms are numerous in clinical cases. The schi
zonts are indistinguishable from those of T. parva while piroplasms are 
predominantly round and oval in shape (as opposed to T. parva, with nume
rous comma- and rod-shaped forms). Piroplasms are not associated with 
intraerythrocytic bar structures or crystalloid bodies. Hyalomma spp. are vec
tors. Theileria annulata occurs in Africa, Asia and Europe. 

Theileria mutans. Although infection usually is subclinical or benign, clini
cal and even fatal disease has been reported. Macroschizonts are scanty, large 
with large nuclei (Young et al., 1978b). Piroplasms are numerous in clinical 
cases; oval and round forms are common, but elongated and rod-shaped 
organisms with a long nucleus also occur in significant proportions. They are 
not associated with bars or crystalloid bodies in the erythrocyte cytoplasm. 
Amblyomma spp. are vectors. Theileria mutans occurs in Africa and is not a 
cosmopolitan parasite as was believed until recently. 

Theileria ?taurotragi. Infection is usually subclinical or mild, however, a low 
mortality rate may occur. Both macroschizonts and piroplasms are normally 
scanty and are not numerous even in clinical cases. Macroschizonts are quite 
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similar to those of T. parva, but piroplasms are predominantly round and 
oval. There are no associated intra-erythrocytic bars or crystalloid bodies in 
cattle. This African species, the name of which is still tentative, confused in 
the past with T. mutans on one hand and with mild T. parva on the other, is 
probably derived from a Theileria of African eland antelope (Taurotragus OIYX), 
infective to cattle (Grootenhuis et al., in press). Furthermore, Grootenhuis 
(1979) who also summarizes the literature on the subject, makes a good case 
for the identity of this eland Theileria with the eland parasite described as 
Cytauxzoon taurotragi. * 

Theileria vel{fera. Non-pathogenic. Schizonts have not yet been described. 
Piroplasms are usually scanty, but even in the rare cases with a high parasi
temia, infection is subclinical. Piroplasms are predominantly rod-shaped and, 
except for the smallest forms, are associated with a distinct rectangular 
crystalloid body, appearing to arise laterally from the parasite; there is no bar 
structure. Theileria vel{fera is transmitted by Amblyomma spp. and occurs in 
Africa. 

Theileria sergenti. Reportedly pathogenic, although experimental infections 
were less severe than field cases (Markov, 1962). The cause of East Asian 
theileriosis. In clinical cases schizonts are reportedly numerous although they 
do not appedr to have been properly described, and piroplasm parasitemia is 
high. Piroplasms are predominantly rod-shaped and often very long. It is as 
yet unknown whether they are associated with bars or crystalloid bodies. 
Theileria sergenti has been assigned by most western workers to either T. 
annulata or to T. mutans but there are clear-cut morphological, serological and 
vector differences with T. annulata (Markov, 1962), while T. mutans has now 
been shown to be strictly an African species. Theileria sergenti is transmitted 
by Haemaphysalis spp. It occurs on the littoral of eastern USSR and probably 
elsewhere, but the identity of species associated with clinical disease in 
European breeds of cattle in other Asian countries remains to be settled. 
Japanese bovine theilerias are now commonly called T. sergenti but they do 
not appear to be very pathogenic by themselves (Ishihara, 1968) and, so far, 
the occurrence of schizonts has not been reported. 

Finally, there is a group of normally non-pathogenic parasites in Australia, 
Asia, Europe, northern Africa and America, all being called T. mutans. Their 
status as yet is uncertain, as is that of inadequately described parasites in the 
eastern USSR, called T. orientalis, of which the validity is in doubt. It was 
originally described as non-pathogenic, but according to Gamaleev (1973), it 
may cause chronic disease with progressive anemia. Schizonts have not been 

* The genus Cytauxzoon has been separated from Theileria by some workers on the basis of the 
type of host-cell parasitized by schizonts and the morphology of the latter. 
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reliably observed in infections caused by any of these parasites. Piroplasms 
are usually scanty (except in splenectomized animals). 

Distribution 

Theileria annulata, associated with its Hyalomma vectors, is known to occur 
in Portugal, Spain, Italy, the Balkan countries, Bulgaria and Greece in partic
ular, Turkey, southern Russia and central Asia, the Near and Middle East, 
Pakistan and India, while in Africa its distribution is limited to the northern 
littoral, Morocco, Algeria, Tunisia and Libya, except in north-eastern Africa 
where it reaches down through Egypt to at least as far south as the 13th 
parallel in the Sudan and is reported from Erythrea. 

Theileria mutans and T. vel{fera are present in most of Africa south of the 
Sahara, wherever their Amblyomma vectors occur, and T. mutans is suspected 
of occurring on some Caribbean islands where African A. variegatum has been 
introduced. 

Theileria ?taurotragi is probably spread throughout the area of distribution 
of the vector Rhipicephalus appendiculatus, eastern, central and southern Afri
ca. 

Theileria sergenti and, if valid, T. orientalis, occur on the East Asian littoral, 
but may well have a wider distribution (see above), while as yet nameless 
theilerias, usually non-pathogenic, are known from all continents, Australia, 
Asia, northern Africa, Europa and, more rarely, North and South America. 
Clinical theileriosis is unknown in the Americas. Apart from American 
strains, all these parasites appear to be associated mainly with Haemaphysalis 
spp. 

Epidemiology 

Transmission of theileriosis in the field is only by means of ticks. Survival of 
Theileria species in the tick is transstadial but not transovarial. The infection 
does not pass through the egg to the next generation, thus unfed larvae are 
always free of the agent. In two-host ticks, in which the larva and nymph 
feed on one individual animal, only the adult can be infective. In three-host 
species, the larva can acquire the agent and transmit it as nymph, but the 
nymph frees itself of infection while feeding, consequently, the subsequent 
adult is not infective. However, a nymph acquiring the parasite from a 
positive animal can transmit it in the adult stage. Transmission does not 
normally being immediately when the infective tick attaches for feeding; 
parasites in the salivary glands mature to the infective sporozoite stage only 
after the tick has started to feed. This usually results in a safe pretransmission 
feeding period, which may last for 2 to 4 days and has obvious potential 
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implications for the frequency of acaricidal treatment aimed at preventing 
disease transmission. However, high temperatures to which ticks are exposed 
while on the host appear to be a major stimulus for sporozoite maturation 
(Samish, 1977), thus the pretransmission feeding period may be very short or 
nonexistent during very hot weather. 

Theileria annulata is transmitted by ticks of the genus Hyalomma. Taxon
omy in this genus was for a long time extremely confused, but most authors 
now follow the concepts of Hoogstraal, Kaiser, and co-workers. The major 
vector role appears to be played by the three-host H. anatolicum anatolicum 
(formerly H. excavatum) and the two-host H. detritum. The former is widely 
distributed in Eurasian and African areas where T. annulata occurs. Hya
lomma detritum is limited to warm regions from China to northwest Africa. 
Hyalomma asiaticum is also a vector in southern Asia. Hyalomma lusitanicum 
has been suspected to playa role in western Mediterranean countries. Trans
mission has been achieved experimentally with several other species but these 
are unlikely to be important vectors in nature since their immature forms 
normally feed on small mammals and birds. Among the latter species are H. 
dromedarii, H. anatolicum excavatum (formerly H. anatolicum), and subspecies 
of H. marginatum. Hyalomma scupense, a one-host species, can also transmit 
Theileria experimentally, through the transfer of unfed adults, fed as nymphs 
on parasitemic animals, to susceptible hosts. 

The epidemiology of Mediterranean theileriosis varies according to the 
climate and the vector species. In subtropical regions the disease has a 
pronounced seasonal character, the great majority of cases occurring in sum
mer when adult ticks are most active. Seasonality may be less pronounced in 
some tropical countries where ticks are active to some extent the year 
around. 

Recovered cattle remain healthy carriers of the parasite, and cattle alone are 
sufficient as a reservoir for the infection of ticks. Nevertheless, Asian water 
buffalo can be infected and generally have mild infections, so that in areas 
where they are common they may well be important additional reservoirs for 
the disease in cattle. Sheep are refractory, while fatal infection has been 
reported in American bison in a zoological garden, and the yak has also been 
reported as susceptible. The original host of T. annulata is unknown, but 
should be looked for among Asian ruminants such as the water buffalo or 
wild species of cattle. 

Local cattle in areas where the disease is endemic are on the whole far less 
susceptible than imported stock. It is not quite clear whether animals of the 
same local breed but from theileriosis-free areas are also genetically more 
resistant, or whether the lower susceptibility of populations in endemic areas 
is solely due to natural genetic selection by local disease pressure. Breeds from 
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western Europe are highly susceptible, especially dairy cattle, while zebus in 
general may be less so and, on the whole, Mediterranean theileriosis becomes 
a major disease problem when European breeds are imported to replace or 
upgrade the local resistant zebu. 

Calves appear to be more resistant than adult cattle, but whether this is 
solely or even partly due to maternal antibodies which have been demon
strated in the colostrum of immune dams is uncertain. 

Differences in the virulence of individual strains of T. annulata and immu
nological responses of the host may influence the clinical picture of the 
disease. 

Theileria mutans is transmitted by at least four species of African Amblyom
ma: A. variegatum, A. cohaerens, A. hebraeum and A. gemma, all three-host 
ticks. The epidemiology has hardly been studied. Calves in endemic regions 
are all infected early in life and remain life-long carriers. Fatal cases in East 
Africa have been seen in older animals which had not been exposed to 
infection, and it appears that some strains are more pathogenic than others. 
The African buffalo (Syncerus caffer) is almost certainly the original host of T. 
mutans as it is of T. parva. 

Theileria ?taurotragi is transmitted by Rhipicephalus appendiculatus, a three
host tick which is also the vector of T. parva. Eland strains of this theileria 
have also been experimentally transmitted by R. pulchellus, a dry area tick in 
eastern Africa, so the potential distribution of the parasite extends outside R. 
appendiculatus areas. The eland antelope is probably its original host. 

Theileria velifera is transmitted by at least three species of African Amblyo
ma: A. variegatum, A. lepidum and A. hebraeum. Infected animals remain 
carriers, probably for life. The African buffalo is almost certainly the original 
host. As it is not a disease problem, there is no need for further consideration 
of this species. 

Theileri sergenti is transmitted by H. longicornis, while H. japonica and H. 
concinna are the vectors of T. orientalis in the east of the USSR, according to 
Gamaleev (1973). Nonpathogenic theilerias in western Europe are transmitted 
by H. punctata. 

Experimental mechanical transmission with blood is easy with most species 
of Theileria except for bovine strains of T. parva where large numbers of 
schizonts have to be present in the inoculum to ensure infection. Mechanical 
transmission of theileriosis does not play a role in the field. Intra-uterine 
transmission has been observed, but it is an exceptional occurrence. 

Clinical Signs 

The incubation period (between tick attachment and onset of fever) of Medi
terranean theileriosis is on the average 2 weeks with extremes of 8 and 30 
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days, according to Sergent et al. (1945), while shorter periods were reported by 
Gill et al. (1977). Incubation periods of some 10 to 15 days are common for 
most Theileria species, but longer periods may be encountered and Zolotarev 
(1956) reports 35 days as the average for T. sergenti. 

Mechanically transmitted T. annulata may on occasion become clinically 
apparent only after several months but on the average the incubation period 
is only slightly longer than after tick-transmitted infection. Intravenous infec
tion with blood is, as a general rule, followed by a shorter prepatent period 
than subcutaneous infection. 

The severity of Mediterranean theileriosis depends on the susceptibility of 
the animal and the virulence of the strain. It is also dose dependent, the more 
sporozoites injected by ticks, the more severe is the disease on the 
average, and this is probably true for Theileria infections in general. 

In typical acute T. annulata infection, as is commonly seen in European 
dairy cattle, the disease starts with high fever and swelling of the superficial 
lymph glands. This is preceded by swelling of the regional lymph gland 
draining the area where the infective ticks are feeding but this is overlooked 
in the field. General symptoms associated with febrile infectious diseases soon 
follow: listlessness, accelerated pulse and respiration rate, while the eyelids 
are often swollen and lachrymation is commonly seen. Milk production drops 
suddenly, rumen movements stop, and constipation is common but may be 
followed by diarrhea. Abortion may occur. The appetite may remain normal 
in the early stages. Anemia dominates the picture at the last and icterus may 
also occur; cutaneous nodules are sometimes present. In fatal infections the 
animal dies in an emaciated state after having remained recumbent for a 
variable number of days, often in hypothermia. Death usually occurs one to 
two weeks after the onset of clinical signs but in hyperacute cases the animal 
may die as early as 3 days after the first obvious symptoms are noticed. 

In cattle that will recover, symptoms are less marked and gradually wane 
from one to several weeks after their first appearance but it may take a long 
time before a full recovery takes place. Cases are on record where the disease 
has suddenly flared up again after several weeks or even months, with rapid 
death. In local cattle, especially young calves, symptoms are often so slight 
that the infection passes unnoticed. The mortality rate by T. annulata in 
susceptible adult European dairy cattle is usually at least 70 % of the infected 
animals. 

Depending on the history of the herd and the disease situation in the 
region, a probable diagnosis of Mediterranean theileriosis is often possible on 
the basis of clinical signs. Differential diagnosis should take into account 
other diseases associated with general febrile symptoms and anemia. 

Theileria mutans infection also starts with fever and swelling of the super-
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ficiai lymph glands, often limited to the local draining one. Fever, usually 
moderate, lasts for a short time, often only one day. Anemia becomes appar
ent in some cases a few weeks after the onset of fever, but the slight 
symptoms are usually inapparent under field conditions, even in European 
breeds of cattle. Some strains appear to be more pathogenic and may cause 
fatal infection associated with severe anemia and icterus but it is unlikely that 
even such strains cause serious problems in endemic areas where calves are 
exposed to infection early in life. Clinical diagnosis of T. mutans infection is 
virtually impossible; laboratory examination of blood smears is necessary to 
differentiate the condition from other causes of anemia (babesiosis, anaplas
mosis, trypanosomiasis, etc.), while serological techniques are needed to dis
tinguish between this and other species of Theileria. If characteristic schizonts 
are found in lymph or blood smears, specific diagnosis is virtually assured. 

Little is known concerning the symptomatology of T. ?taurotragi infections. 
Kenyan and Tanzanian strains have consistently caused subclinical infections, 
mild fever and pronounced swelling of the local draining lymph glands being 
the only symptoms. Rhodesian strains, however, have sometimes caused 
alarming clinical signs in experimental animals in our laboratory although all 
have recovered; animals showed listlessness, swollen eyelids, lachrymation 
and accelerated respiration. Here again, clinical diagnosis is very difficult, and 
differentiation from T. parva (with which it shares the morphology of the 
macroschizont) and from T. mutans (which it resembles in its usually low 
pathogenicity) is possible only in the laboratory. 

According to Markov (1962), typical T. sergenti infection in the field is an 
acute disease with symptoms which are comparable to those reported for T. 
annulata but the experimental disease was less severe. The mortality rate may 
be high, according to Zolotarev (1956). Theileria orientalis, usually considered 
to be non-pathogenic, is reported by Gamaleev (1973) as causing chronic 
debilitating infection. 

A cerebral form of theileriosis has been described as "turning sickness", 
associated with T. parva, T. annulata and T. mutans, or more likely T. 
?taurotragi. Various lesions have been reported in the brain, hemorrhages, 
perivascular encephalitis, necrosis, and the condition may be associated with 
the presence of schizont-infected lymphoblasts in the brain capillaries. This 
form sometimes occurs in immune animals, possibly associated with stress. 

Pathology 

Not all aspects of the pathogenesis of theileriosis are well understood. It is 
related on one hand to the schizontic stage and its effect on the reticuloen-
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dothelial system and on the other hand to the piroplasm stage affecting the 
erythrocytes. The existence of toxins has been postulated in an effort to 
explain some of the phenomena. 

The infection has an unexplained mitogenic effect on the lymphocytes, 
starting with hyperplasia of the local lymph gland draining the area where the 
infecting ticks feed. Transformation of lymphocytes into lymphoblasts and 
intensive mitosis begins even before schizonts are detected. The hyperplasia, 
followed by the presence of schizonts, spreads to other lymph nodes and 
lymphoid organs, mainly in T. annulata infections, less so in other species. 
An unexplained fact is that while leukopenia is characteristic of T. parva 
infection, the number of circulating leukocytes increases in Mediterranean 
theileriosis. Local hyperplasia due to disseminated infected lymphoblasts gives 
rise to lesions in the kidneys, liver, and occasionally in the skin. 

A reduction in erythrocyte number occurs during parasitemic crisis. This 
appears to be due to removal of the infected erythrocytes by phagocytosis 
rather than desctruction by the parasite. It has also been suggested that an 
autoimmune mechanism might contribute to anemia. Bilirubinemia and bili
rubinuria associated with icterus are also observed. 

In Mediterranean theileriosis, both the schizontic and the piroplasm stages 
contribute to pathogenesis, while in T. mutans pathogenesis is almost solely 
due to the erythrocytic stage. Curiously, in east coast fever where parasitemia 

Fig. 4. Abomasal ulcers in a fatal T. annulata infection. 
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is commonly extremely high, anemia is not usually an important feature of 
the pathogenesis. 

Lesions at autopsy in Mediterranean theileriosis vary, depending to a large 
extent on the duration of the disease. The carcass is usually emaciated, 
anemic and often icteric, except in hyperacute cases. Classical lesions are 
pronounced hypertrophy of the spleen and lymph nodes, hemorrhages on and 
in the heart, in the skin, the pleura, the peritoneum, various mucosae and 
elsewhere, walled ulcers with a necrotic center in the abomasum (Fig. 3), and 
whitish or red foci at the surface of the renal cortex and sometimes the liver. 
Ulcers may also occur in the intestine and there may be hemorrhagic gas
troenteritis. The liver is enlarged and the gall bladder distended. Lung oede
ma is frequent and froth may be present in the respiratory passages. All these 
lesions are not always present, especially not in hyperacute cases. 

Animals which have died of T. mutans infection show a severe anemia, 
often icterus and brown urine, while the spleen and liver may be enlarged. 

Symptoms in T. sergenti infection as reported by Markov (1962) are ema
ciation, anemia, icterus, splenomegaly, hypertrophy of the lymph glands, 
hemorrhages in serous and mucous surfaces, and ulcers in the abomasum. 

Little work has been carried out on the microscopical pathology of theiler
iosis. Interested readers are referred to Gill et al. (1977). 

Immune Response 

Recovery from natural infection is followed by solid immunity to the homo
logous strain. The duration of immunity is not well known and it may start 
to wane gradually after 2 or more years. The nature of the immunity has not 
yet been satisfactorily elucidated. Although high titers of antibodies, detecta
ble by various serological techniques, are often present shortly after recovery, 
these antibodies appear to play little if any role in protection, and immunity 
persists even after they have become undetectable. Immunity is therefore 
presumed to be cell mediated, and some indications of this have been 
reported. 

Except for classical cattle-adapted strains of T. parva, recovery from Thei
leria infection is followed by the carrier state, which is often life-long. Piro
plasms are present in the blood although there may be so few that they are 
difficult to detect microscopically; a parasitemic relapse of most species can be 
induced by splenectomy. Whether schizonts also persist is uncertain. 

Laboratory Aids to Diagnosis 

Although the case history, clinical signs and lesions are often indicative of 
theileriosis, a definite diagnosis is possible by laboratory methods only. 
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Thin smears of blood and of samples obtained by needle biopsy of enlarged 
superficial lymph nodes are stained by the Giemsa method and examined 
microscopically. Interpretation of the results is not always easy, and it is 
important to know which species of Theileria may be encountered in the area. 
If schizonts are found in the lymph node material and in blood smears, the 
diagnosis of theileriosis is confirmed. If a low piroplasm parasitemia is found 
in the absence of schizonts, however, a diagnosis of theileriosis is not justified 
as the animal is likely to be a healthy recovered carrier. On post mortem 
examination, schizonts may be found in most organs including the spleen and 
the liver. 

Aside from direct recognition of the organism in stained smears, serologic 
diagnosis may be used as an auxiliary method. Most frequently used is the 
indirect fluorescent antibody (IF A) test. The antigen for this test is derived 
from the blood of acutely infected animals or schizont-infected lymphocyte 
cultures. A peak antibody titer in the IFA test is manifested shortly before 
death or at early recovery from the acute stage of infection. Other serologic 
tests for theileriosis are the complement fixation test, a capillary agglutination 
test and the indirect hemagglutination test, however, their reliability is not 
always proven. Antigens are species-specific, although some cross-reactivity 
sometimes occurs. The high antibody titers in recently recovered animals 
decline and often disappear after a variable number of months, thus random 
serological surveys are not a good indicator of the number of immune ani
mals in a population. 

Prevention and Control 

Under natural conditions, theileriosis is transmitted by ticks only. There is no 
hope of eradicating the vectors over large regions because they are two- and 
three-host tick species which remain on the host for relatively short periods. 
Various wild and domestic animals constitute the vector's reservoir hosts with 
immature stages often feeding on small wild animals. Emerging acaricide 
resistance is a further complicating factor, consequently, effective short-inter
val dipping of cattle is recommended for prevention of disease transmission. 
In situations where tick life is maintained by wild and untreated domestic 
animals or by uncontrolled stray cattle, the required safe frequency of treat
ment with most acaricides is twice a week. On well-managed fenced farms 
without significant wild life, weekly dipping will give good results once the 
tick population has been practically eliminated. 

It should be remembered that in situations where local cattle live in a state 
of endemic stability with Theileria spp., intensive tick control is unnecessary, 
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uneconomical and even harmful as it will disturb the stable situation, not 
only as far as theileriosis is concerned, but also for other tick-borne infections 
as babesiosis and anaplasmosis. Control should be limited to preventing 
harmful direct effects of excessive tick numbers. 

In some countries imported cattle are kept in stables under conditions of 
zero-grazing to avoid all contact with ticks. This method of control is labo
rious, expensive and of little help to the small farmer. Moreover, ticks are 
sometimes brought in with fodder. In some subtropical regions Hyalomma 
vectors of Mediterranean theileriosis behave as barn ticks by engorging and 
hibernating in cracks of walls. Improvement of masonry and spraying acari
cides on the walls should be advised in this case. 

Strains of Rhipicephalus and Amblyomma spp. resistant to arsenicals, orga
nochlorine and organophosphate have been found in countries where acarici
dal control has been carried out intensively (usually because of the presence 
of T. pat·va). 

Drug resistance. in Hyalomma and Haemaphysalis is still rare. Should acari
cide resistance problems become unmanageable, alternative tick control meth
ods such as those used against Boophilus ticks promise little success for the 
control of multi-host tick vectors. 

Immunization methods against T. annulata are thoroughly reviewed by 
Pipano (1974, 1977a., 1977b). Formerly, blood vaccines containing schizonts of 
a mild mechanically transmitted strain of T. annulata which had lost the 
capability of producing erythrocytic forms, were used with some success 
against Mediterranean theileriosis (Sergent et al., 1945). This method is now 
replaced by the use of live schizonts grown in lymphocyte cell culture, 
attenuated by prolonged in vitro passage. Attenuated schizonts do not produce 
erythrocytic forms so that immunization does not produce reservoirs of infec
tion for ticks. There have been no indications of reversal to virulence. Calves 
and beef cattle immunized with attenuated schizonts withstand tick-borne 
challenge, but highly susceptible dairy cattle may react clinically although 
rarely fatally, and pregnant animals may abort. Immunity induced by schi
zonts protects against schizonts of the homologous strain but only partially 
against sporozoites. Experiments on the infection and treatment method of 
immunization developed for T. parva using sporozoites obtained from prefed 
ticks and simultaneous tetracycline treatment (see chapter on East Coast 
fever), have also been undertaken for T. annulata with promising results (Gill 
et at., 1978). 

Immunization with attenuated schizonts is at present carried out on a 
significant scale only in a few countries. In Israel the vaccine is used in the 
form of small pellets frozen in liquid nitrogen. The vaccine organism will 
remain alive for 3 days at 4°C. Because of a possible immunologic difference 
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between various isolants of T. annulata, it is advisable to use local strains for 
production of vaccine. 

If T. mutans is a problem, it is possible to immunize animals with blood 
from a carrier of a mild strain. 

Up to very recently, there was no specific drug on the market for the 
treatment of Mediterranean theileriosis. The future has now become consid
erably brighter since it was found that a recent coccidiostat, halofuginone, 
cures clinical cases of Mediterranean theileriosis, East Coast Fever, corridor 
disease as well as T. mutans infection (Schein and Voigt, 1979; G. Uilenberg 
et al., unpublished). The drug appears to be mainly schizonticidal and is 
curative in doses of 1 to 2 mg/kg, administered orally, as a commercially 
available premix (Stenorol®), containing 0.6 % of the active ingredient. It is 
active on schizonts in cell culture in concentrations as low as 0.02 ppm. The 
toxic safety margin appears to be unfortunately rather narrow. Another drug, 
a hydroxy napthoquinone (Menoctone), is also curative in East Coast Fever 
and Mediterranean theileriosis, but has been found to be unsuitable for 
marketing and the search for related compounds is on. 

The use of tetracyclines is limited to the infection and treatment method of 
immunization, where they effectively suppress the development of clinical 
disease if administered simultaneously with and for a short further period 
following the administration of a controlled dose of sporozoites. 

Some antimalarial aminoquinoline compounds, such as primaquine and 
pamaquine, are active against the erythrocytic forms of various theilerial 
species (see Neitz, 1957). 
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34. BESNOITIOSIS AND GLOBIDIOSIS 

R.D. Bigalke 

A: BESNOITIOSIS 

Abstract. Bovine besnoitiosis, previously known as globidiosis, is a disease which is 
fairly widespread in Africa but not limited to that continent in its distribution. It is 
caused by the protozoan parasite Besnoitia besnoiti of which cattle are the intermediate 
and felids the final hosts. Clinically affected animals pass through an acute, febrile, 
anasarca stage and a chronic scleroderma stage of the disease. The mortality rate is 
low but affected animals suffer a severe loss of productivity and bulls are frequently 
rendered permanently infertile. Clinically inapparent cases are common. A significant 
aspect of the pathogenesis of the disease is the destruction of endothelial cells by the 
proliferating obligate intracellular endozoites. The large, thick-walled cysts are pathog
nomonic. Recovered animals are immune to reinfection. In some countries cattle are 
immunized by inoculation with a live vaccine consisting of a blue wildebeest (antelope) 
strain of B. besnoiti grown in cell culture. 

Disease 

Bovine besnoitiosis of cattle was previously known as bovine globidiosis, 
globidiose cutanee du boeuf and sarcosporidiose cutanee chez bovins (Pols, 
1960). Colloquial descriptive names such as olifantsvelsiekte (Afrikaans) or 
elephant skin disease, and anasarque du bceuf or elephantiasis du bceuf (Pols, 
1960) have been coined in countries where the disease is or was well 
known. 

Bovine besnoitiosis is either a severe but usually non-fatal disease of cattle 
or a mild disease caused by the protozoan parasite Besnoitia besnoiti. The 
severe form of the disease is characterized by fever, anasarca, inappetence, 
hyperemia of the skin and muzzle and orchitis in the early acute stage, which 
is associated with proliferation of parasites in endothelial cells of blood vessels 
in superficially situated tissues. This is followed by a chronic stage, character
ized by scleroderma, hyperkeratosis, alopecia, loss of necrotic epidermis and 
atrophy and induration of the testes of bulls. This stage is associated with the 
development of cysts in the same tissues where the initial proliferation occur
red. 
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Description and Life Cycle 

Besnoitia besnoiti, synonyms Sarcocystis besnoiti and Globidium besnoiti (Maro
tel, 1912), is both morphologically and in its developmental cycle similar to 
Toxoplasma gondii. Both protozoan parasites are coccidian in nature and have 
been classified in either the family Toxoplasmatidae (Frenkel, 1974) or Eimer
iidae (Levine, 1977) of the class Sporozoa. 

Based on observations made on other Besnoitia spp. (reviewed by Dubey, 
1977, and Rommel, 1978) and a single, as yet unconfirmed, investigation on 
B. besnoiti (Peteshev, 1974), it is reasonable to assume that cattle contract 
besnoitiosis by ingestion of mature isosporan-type oocysts shed in the feces of 
members of the cat family. Peteshev showed that both domestic cats and a 
wild cat, Felis Iybica, shed such oocysts after ingestion of cyst-containing 
tissues. 

The sporozoites which emerge from the oocysts enter the circulation and 
multiply by endodyogeny in endothelial cells of blood vessels, particularly in 
the dermis, subcutis, fascia and upper respiratory tract (Basson et al., 1970; 
Rommel, 1978). Merozoite-like endozoites (= tachyzoites) (Fig. 1; Table 1) 
emerge from damaged cells to re-invade adjacent or more distant cells to 
produce further endozoites. This cycle of development is superseded by cyst 
formation. 

Fig. 1. Endozoites (= tachyzoites) of Besnoitia besnoiti in a blood smear prepared from an 
experimentally infected steer on the 5th day of the febrile response (8th day post-infection). 
X 1200. 
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Cyst formation commences approximately 1 week after the initial cycle of 
proliferation (Basson et al., 1970) when activated, hypertrophic cystozoite
containing histiocytic cells, in or in close association with blood vessel walls, 
become detectable in the same sites where the endozoites were formed (Table 
1). The merozoite-like cystozoites (= bradyzoites) multiply by endodyogeny 
(Rommel, 1978) in vacuoles of the markedly enlarging host cells with hyper
plastic and hypertrophic nuclei. The characteristic thick-walled cysts (Fig. 2) 
reach a size of up to about 400 jJ.m and contain approximately 200 000 
cystozoites each, which are similar to endozoites in appearance (Table 1). Cyst 
formation is remarkably synchronous and there is no evidence that cysto
zoites from disintegrating cysts give rise to further cysts or endozoites in the 
same animal (Pols, 1960; Bigalke, 1968). 

The developmental cycle of B. besnoiti in the carnivorous (final) host has 
not been studied in detail but it is probably similar to that of other Besnoitia 
spp. (reviewed by Dubey, 1977, and Rommel, 1978). Following the ingestion 
of cyst-containing tissues, the liberated organisms presumably enter the gut 
wall in which a typical coccidian life cycle of schizogony followed by game
togony occurs with the production of unsporulated oocysts (Peteshev, 1974) 
which are passed into the environment with the feces (Table 1). Sporogony 
follows on the ground with the development of infective isosporan-type 
oocysts awaiting ingestion by the intermediate (bovine) host. 

Fig. 2. Mature cysts of Besnoitia besnoiti in the stratum papillare of the dermis of the skin of a 
naturally infected bull. X 75 
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Distribution 

The current distribution of bovine besnoitiosis is summarized in Table 2. 
Although the disease was originally recorded in southern France, it now 
seems to be more important in Africa where it is widespread, and notably so 
in the Republic of South Africa where it presents a definite economic prob
lem. Distribution of the disease suggests preference for a less temperate, even 
subtropical, climate. In South Africa the majority of fresh cases occur during 
the warmer, moister months of the year. Considerable research has also been 
devoted to the disease in southern Russia, Israel and South Korea, where it is 
also of economic importance. 

Epidemiology 

The epidemiology of bovine besnoitiosis awaits further elucidation, particu
larly as regards the role played by the carnivorous host. 

Susceptibility of Cattle and Incidence 

All breeds of cattle seem to be susceptible to besnoitiosis and in South Africa 
most cases occur in the Africander, a Bas indicus breed, which is the com
monest breed in the enzootic region. For unknown reasons infections are 
rarely encountered in calves under 6 months of age. The highest incidence of 
infection was detected in the 18-month to 6-year-old animals on a farm 
where the disease was prevalent. Comparatively few animals, though, develop 
the typical clinical signs of the disease. Out of a total of 5018 head surveyed 
by scrutiny of the scleral conjunctiva for cysts, 427 (8.5%) were infected, of 
which 74 (17.3 % of infected animals and 1.5 % of the total number examined) 
showed typical clinical signs of chronic infection (Bigalke, 1968). 

Carriers 

There is good experimental and circumstantial field evidence that chronically 
infected cattle harboring large numbers of cysts serve as carriers of the disease 
(Bigalke, 1968). Although a variety of laboratory rodents such as rabbits, 
gerbils, hamsters and mice, and sheep, goats and black wildebeest have been 
found to be susceptible to artificial infection with bovine strains of B. besnaiti 
(Pols, 1960; Bigalke, 1968, and unpublished observations; Dubey, 1977), no 
naturally infected hosts other than cattle have been found. Strains of Besnaitia 
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isolated from two species of antelope (blue wildebeest and impala), though 
antigenically closely related to bovine strains of B. besnoiti, were viscerotropic 
rather than dermatotropic in bovine and rabbit hosts, and relatively apathog
enic (Bigalke et al., 1967). Consequently, it seems most unlikely that antel
opes infected with the above-mentioned strains would serve as carriers for the 
typical bovine disease. The relationship of the Besnoitia sp. found in goats 
(Bwangamoi, 1967; Cheema and Toofanian, 1979) and B. tarandi of reindeer 
(Dubey, 1977) to B. besnoiti has not been determined. 

Mechanical transmission of bovine besnoitiosis from chronically infected 
cattle to susceptible ones by hematophagous insects, although probably 
involved in the epidemiology of the disease, does not solve the transmission 
riddle since only clinically inapparent cases were thus produced (Bigalke, 
1968). 

It is clear that a carnivorous host must also exist for B. besnoiti. Felis Iybica, 
shown by Peteshev (1974) to produce isosporan-type oocysts is, for instance, 
fairly common in the enzootic region in South Africa. Domestic cats, howev
er, are ~bsent on many infected farms. Moreover, it is difficult to understand 
how a small wild cat such as F. Iybica can become infected from cattle on 
such farms. It is therefore probable that a hitherto unknown cycle of trans
mission involving a carnivorous host occurs in nature. 

Clinical signs 

Typical clinical signs of bovine besnoitiosis appear in two distinct sequential 
stages, namely, the acute anasarca stage, which is mainly associated with 
proliferation of endozoites, and the chronic scleroderma stage which is mainly 
associated with cyst formation (Table 3). 

Anasarca Stage 

The first clinical sign to appear is a pronounced febrile reaction. An incuba
tion period of 4 days has been recorded after infection with sporulated oocysts 
of feline origin (Peteshev, 1974), whereas a mean interval of 13 days has been 
observed after mechanical transmission of the disease by Bigalke (1968) on 
whose observations much of the following description is based. The temper
ature reaches 40 to 41°C or even higher, and may remain at that level for 7 
days or more. 

Pyrexia is accompanied by progressive inappetence, leading to complete 
anorexia in severe cases, and loss of weight. The respiratory rate increases 
while animals seek the shade, are listless and prefer the recumbent position, 
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walking with a slow gait if forced to move. Hyperemia of the muzzle, 
periorbital skin and scrotum is usually more clearly noticeable in light skin
ned animals and appears a few days after the rise in temperature. Anasarca 
also usually appears at about this time, often presenting itself as nothing more 
than a slight filling of the face, or thickening of the skin folds of the neck, 
back or chest region. In more severe cases, the skin of virtually the entire 
body may be edematous. The testes of bulls are swollen and very sensitive to 
palpation. In many cases, however, early anasarca goes unnoticed and its 
presence is revealed only when edema fluid begins to accumulate along the 
lower reaches of the body such as the inter-mandibular, brisket, sternal, 
abdominal, preputial, tail and limb regions. Occasionally the anasarca stage is 
not detected at all. 

There may either be a distinct break between the anasarca and scleroderma 
stages, with disappearance of edema by the end of the third week of the 
reaction, subsidence of temperature and some improvement of appetite, or a 
merging of the two stages (Table 3). 

Scleroderma Stage 

The most characteristic symptom of this stage is scleroderma manifested by 
progressive thickening, hardening, decreasing elasticity and consequential 
prominent folding, and puckering of the skin (Fig. 3), a feature which usually 

Table 3. Sequence of appearance of clinical signs in a typical (experimental) case of bovine 
besnoitiosis. 

Anasarca 
stage 

Scleroderma 
stage 
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Sequence of appearance of clinical signs 

Pyrexia 
Inappetence 
Polypnea 
Hyperanemic muzzle 
Endozoites appear (blood smears) 
Weakness in hindquarter 
Anasarca 
Endozoites disappear (blood smears) 
Cysts (skin sections) 
Temperature normal 
Necrosis of skin 
Anasarca disappears 
Alopecia 
Scleroderma 
Lymph nodes enlarge 
Cysts in scleral conjunctiva 
Cysts mature (skin sections) 

Days post-infection 

3 
3 
3 
4 
4 
6 
7 

12 
13 
14 
21 
23 
25 
25-35 (various sites) 
29 
36 
71 



Fig. 3. Naturally infected ox in the scleroderma stage of the disease. Note thickened skin folds, 
alopecia, seborrhea, nasal crusts and poor condition. 

appears from 3 to 4 weeks after the rise in temperature. This is accompanied 
by progressive loss of hair, which is more pronounced over the severely 
affected parts and may be quite extensive in severe cases. The epidermis may 
even be shed in patches, leaving grey seborrheic areas, and sitfasts are 
commonly seen over bony prominences as well as over the ventral portion of 
the scrotum of bulls. Deep, raw, maggot-infested fissures sometimes develop 
between folds of skin in sites such as the breech and flexor surfaces of the 
limbs. Seborrhea is a characteristic, chronic feature in all cases. Nodule 
formation accompanied by loss of hair sometimes occurs around the eyes and 
mouth in milder cases. The superficial lymph nodes are invariably swoll
en. 

A mucopurulent nasal discharge, which forms crusts and clogs the nostrils 
(Fig. 3), and stridor are not uncommon in severe cases. An undulant, low 
level febrile reaction may persist during the first few weeks of this stage, the 
animal is listless, its appetite poor and emaciation is invariably present to a 
greater or lesser degree. One or both testes may become permanently atrophic 
and indurated. Bulls invariably develop an aspermatogenesis, which is usually 
permanent on account of the severe testicular lesions which usually develop 2 
weeks after the initial clinical reaction (Pols, 1960). Cysts become visible 
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about 6 to 7 weeks after the rise in temperature in a site such as the scleral 
conjunctiva (Bigalke, 1968). 

Death may occur in either the anasarca or scleroderma stages, and although 
most animals survive, convalescence is slow. In severe cases the characteristic 
scleroderma and alopecia are life-long features despite a gradual improvement 
in the appearance of the animals. 

Clinically inapparent infections which go unnoticed by farmers but possibly 
manifest themselves by mild febrile reactions and decreased appetite, repre
sent the majority of cases in the field. 

Pathogenesis 

As obligate intracellular parasites, endozoites proliferating in cells of blood 
vessel walls cause degenerative and necrotic vascular lesions, vasculitis and 
thrombosis in mainly the medium and smaller veins and capillaries of the 
dermis of the skin, subcutis, nasal mucosa, larynx, trachea and testes (Basson 
et al., 1970). These lesions, together with a postulated toxic effect, apparently 
cause an increased permeability of blood vessels, with anasarca and subcuta
neous edema as a consequence, ischemic infarcts and areas of necrosis in the 
above-mentioned sites. 

The radical circulatory disturbances also account for the alopecia and necro
sis of the skin and mucous membranes of the upper respiratory tract seen in 
the scleroderma stage of the disease. Millions of rapidly growing, thick-walled 
cysts (Fig. 2), especially in the dermal papillae and other parts of the stratum 
papillare, and the granulomatous reaction and accompanying fibrosis, hyper
keratosis and acanthosis account for the typical scleroderma (Basson et al., 
1970). 

Lesions, which were described in the previous section, are largely confined 
to the visible or palpatable portions of the body. 

Immune response 

There is good circumstantial field evidence that cattle that have contracted 
either clinical (Hofmeyr, 1945, cited by Pols, 1960) or subclinical besnoitiosis 
(Bigalke, unpublished observations) are immune for life. 

Naturally infected cattle and experimentally infected cattle and rabbits that 
were challenged by inoculation with homologous or heterologous bovine 
strains showed no evidence of a reaction; in other words, there was good 
protection to challenge (Pols, 1960; Bigalke, 1967, 1968). 
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In an extensive field vaccination trial, Bigalke et al. (1974), found that 
100% of the. cattle inoculated against besnoitiosis with a blue wildebeest 
strain of B. besnoiti on farms where the disease was severe were protected 
from the clinical form of the disease over an observation period of 1 to 4 
years. Percentage protection to subclinical infection varied from 75% to 
100%. This means that the blue wildebeest strain does not induce complete 
cross-immunity to natural challenge with bovine strains of B. besnoiti. These 
observations were confirmed by laboratory studies in cattle (Bigalke et al., 
1974). 

A serological survey conducted by means of an indirect fluorescent antibo
dy test in Israel revealed the presence of specific antibodies to B. besnoiti in a 
high percentage of animals (Neuman, 1972). The exact nature of the immune 
response is, however, unknown but cellular immunity is probably an impor
tant component, as appears to be the case with B. jellisoni (Lindberg and 
Frenkel, 1977). 

Laboratory aids to diagnosis 

The following methods may be used in diagnosis of the disease: 
1. Free (Fig. 1) or intracellular endozoites of B. besnoiti may be demonstrated 
for several days (Table 3) in Giemsa-stained blood smears of the peripheral 
blood at the height of the febrile stage of the disease, but they are scarce and 
often difficult to find. Lymph node smears are less reliable. Blood smears 
made from chronic cases often contain cystozoites originating from punctered 
cysts. Both endozoites and cystozoites are merozoite-like in appearance and 
are therefore not pathognomonic. 

2. An experienced pathologist will recognize endozoites by histo-pathologi
cal examination of skin biopsies, but a differential diagnosis would be even 
more difficult than is the case with blood smears. 

3. Large numbers of cysts are present in the dermis of the skin of typical 
scleroderma cases (Fig. 2) and their demonstration by histo-pathological 
examination of biopsy material is the most reliable method to confirm the 
diagnosis. 

4. Cysts can best be seen in the living animal in the scleral conjunctiva 
from about 6 to 7 weeks after the start of the reaction. They are plentiful in 
this site in typical clinical cases but rare in clinically inapparent ones (Bigalke 
and Naude, 1962; Bigalke, 1968). Their identity may be confirmed if they are 
removed under surface anesthesia and if smears are prepared with the aid of a 
dissection microscope. 
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5. Cysts can be seen in large numbers in carcasses of typical scleroderma 
cases at abattoirs or at post-mortem examination in the subcutis, the connec
tive tissue, on and between muscles and tendons, the nasal mucous mem
brane, scleral conjunctiva, and the superfical veins such as the facial vein and 
those of the lower limbs (McCully et al., 1966). 

6. Serological diagnosis with immunofluorescence for example, is possible 
but more detailed studies are required on the correlation between infection 
and the presence of serum antibodies. 

Prevention and control 

A live vaccine against bovine besnoitiosis has been developed in South Africa 
(Bigalke et al., 1974), and been in use there since 1974. It is administered 
subcutaneously to weaners or older animals and each dose contains approxi
mately 1 X 106 organisms of a blue wildebeest strain of B. besnoiti grown in 
cell culture. A single dose was shown to protect cattle from the clinical form 
of the disease for observation periods of up to 4 years, but did not entirely 
prevent subclinical infection from taking place. Annual re-vaccination for 2 to 
3 years is recommended. 

Until the epidemiology of the disease is better understood, it will not be 
possible to determine whether preventive measures based on the elimination 
of intermediate or final hosts will be feasible in practice. 

Hitherto, no effective drug has been found. Sulphonamides and pyrime
thamine, whether used alone (Pols, 1960) or in combination (Bigalke, unpub
lished observations), have no noticeable effect on the course of the infection in 
cattle and rabbits. 

Supportive treatment in the form of antibiotics, anti-inflammatory agents, 
wound dressings, myasis control, and nutritious food and water ad lib is of 
some value. 

B: GLOBIDIOSIS 

Bovine besnoitiosis, among other designations, was previously known as 
bovine globidiosis, a name derived from the generic name Globidium which 
was used for protozoan parasites with large cyst-like structures in the gas
trointestinal tract. Ne)\\er, who revised the nomenclature of parasites such as 
Besnoitia and Globidium in 1920 (see Pols, 1960, for a review), regarded the 
cutaneous cysts of B. besnoiti as being morphologically indistinguishable from 
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Globidium cysts. Since the latter was the older name it enjoyed preference and 
Noller named the cutaneous parasite Globidium besnoiti (Marotel, 1912). 

It is now generally accepted that the cyst-like structures found in the 
abomasum and intestines of herbivores are giant schizonts of Eimeria spp. 
(coccidia), some of which have not been identified to species level (see 
Levine, 1973). 
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35. BABESIOSIS 

Miodrag Ristic 

Abstract. Babesiosis is a tick-transmitted disease of cattle manifested by anemia, 
occasional hemoglobinuria, and the appearance of infecting protozoa in the host 
erythrocytes. Various species of babesia are known to infect cattle, however, the most 
economically important are those caused by Babesia bovis (Syn. argentina) and B. 
bigemina. Babesiosis is presently considered as one of the most important constraints 
in production of cattle in most regions with tropical and semitropical climates. The 
course of infection depends on the species of babesia involved. Animals infected with 
virulent babesias usually need chemotherapy before acquired immunity develops. 
Babesia infection commonly persists for long periods of time. Maintenance of immun
ity is not dependent on the presence of the parasite. Antibody titers detected by 
serologic tests do not always relate to levels of protective immunity. Humoral-antibody 
protection, however, has been demonstrated by passive and active immunization. The 
role of cell mediated immunity (eM!) in protection has not been clearly documented. 
Active immunization against babesiosis has been achieved with virulent strains, irra
diated parasites and inactivated parasites in adjuvant. 

A scientific breakthrough in the study of babesiosis was recently achieved by 
development of cell cultural systems for continuous propagation of B. bovis. Antigens 
derived from these cultures have been proven effective and safe immunogens. Using 
this new technique, vaccines for prevention of bovine babesiosis should be commer
cially available in the near future. 

Babes in 1888 was the first to describe the babesia parasite in blood of African 
cattle showing hemoglobinuria (Babes, 1888). The classic work of Smith and 
Kilborne (1893) which was under way in the United States at approximately 
the same time, signified the beginning of the scientific history of babesiosis. It 
is through this study that the tick was recognized for the first time as an 
active and later, biologic vector of Babesia bigemina, one of several Babesia 
spp. known to cause bovine babesiosis. For several decades thereafter, the 
disease known as Texas tick fever was causing serious losses among the U.S. 
cattle population. While the disease was gradually eliminated from the U.S. 
by costly eradication of the tick vector, Boophilus annulatus, it remained as 
one of the economically most important infectious diseases of cattle in all 
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tropical and semitropical regions of the world. It is estimated that today half a 
billion cattle throughout the world may be endangered by the disease caused 
by one or more Babesia spp. 

A century long investigation of bovine babesiosis and its causative agents 
was limited to use of its natural host, the cow. Very recently a major 
breakthrough in a century-long struggle against the disease was achieved by 
development of cultural methods for continuous in vitro propagation of Babe
sia bovis, one of the most important agents of the disease. This achievement 
has opened a vast horizon of possibilities for easier and more accurate studies 
of biologic properties of the organism and for development of modern and 
more effective immunoprophylactic and serodiagnostic methods for control of 
the disease. These and other pertinent aspects of bovine babesiosis are being 
discussed here. 

Disease and causative agents 

Babesiosis is a tick-transmitted disease of animals which is manifested by 
anemia, occasional hemoglobinuria, and the appearance of infecting protozoa 
in the host's erythrocytes (Ristic, 1970). Currently, 17 distinct Babesia spp. are 
known to infect various vertebrate hosts. An earlier suggestion that a sexual 
phase in the development of Babesia spp. may exist in the tick was docu
mented by recent light and electronmicroscopic studies of B. bigemina in 
heavily infected Boophilus microplus ticks. 

Babesia is a member of the suborder Piroplasmidea. The suborder includes 
certain erythrocytic parasites of mammals belonging to the families Babesidae 
and Theileridae which do not produce the pigment hemozoin in erythrocytes 
following digestion of hemoglobin. Babesia is the most important genus in the 
family Babesidae. The presence of a complex organelle on the anterior 
extremity of Babesia, Plasmodium, Toxoplasma, Sarcocystis, Besnoitia and the 
coccidia is the basis of a new subphylum, Apicomplexa. This organelle is 
visible only witll the electron microscope and for this reasol1 its significance 
was formerly unknown. The morphologic characteristics and dimensions of 
this organelle vary among different genera. 

Dominant tick-borne bovine Babesia species include Babesia b(r;emina, B. 
bovis (synonymous B. argentina), B. dive/gens and B. major. Babesia bigemina 
is a large piroplasm measuring approximately 4 to 5 ~lm long by 2 to 3 ~lm 
wide. Babesia bovis is a small piroplasm measuring approximately 2.4 ~m long 
and 1.5 ~lIn wide (Fig. 1). Both agents occur in Europe, Africa, Australia, 
Asia and Central and South America. The disease caused by B. bovis is more 
severe and more difficult to control than that caused by B. bigemina. Babesia 
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Fig. 1. Microscopic appearance of Babesia bovis (A) and Babesia bigemina (B) in Giemsa-stained 
blood films from cattle in the acute phase of babesiosis. X 940. Courtesy of Dr. Ronald D. Smith, 
University of Illinois, Urbana, III. 
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Fig. 2. Intravascular agglutination in the cerebral cortex of a cow with the acute form of Babesia 
bovis infection. Giemsa-stained specimen. x 1400. Courtesy of Dr. Ronald D. Smith, University 
of Illinois, Urbana, Ill. 

bovis frequently causes a cerebral form of the infection characterized by 
formation of thrombi and emboli in the brain capillaries (Fig. 2). Such animals 
may develop clinical signs of rabies and usually die before any appreciable 
parasitemia is manifested in the peripheral blood. In general, and from the 
economic point of view, infections caused by B. bovis are considered the most 
important of all bovine babesial infections. Babesia dive/gens occurs more 
frequently in northern Europe and the United Kingdom; it is often confused 
with B. bovis, being a pyriform, paired, or club-shaped organism about 1.5 ~lm 
long and 0.4 11m wide. Babesia major, found in many parts of the world, is 
similar to but smaller than B. bigemina. 

Dimethylsulfoxide (DMSO) and glycerol have been used to preserve infec
tivity of Babesia spp. by low temperature storage of infected blood. The 
addition of DMSO reduced the percentage of hemolysis of the infected blood 
following frozen storage from 82.8 % to as low as 6.7%. Blood frozen with 
glycerol and given subcutaneously after thawing was highly infective, whereas 
blood frozen without glycerol was noninfective by this route. 
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Pathologic mechanisms of babesiosis 

Two states of infection have been described as babesiosis and babesiasis. 
Babesiosis refers to the period when there is rapid growth and mUltiplication 
of the parasite and there are clinical signs of disease. The most common signs 
of acute babesiosis include fever, hemoglobinuria, anemia, and associated 
parasitemia. Babesiasis refers to the subclinial infections observed in animals 
which have recovered from the clinical disease and in passively immunized 
young animals. 

Many of the pathologic effects of babesiosis are due to the indirect effects 
of babesial multiplication in the host. Immune complex disease and associated 
glomerulonephritis, anemia and thrombocytopenia have been described in 
rodent babesiosis caused by B. rodhaini. Circulating babesial antigens also 
appear to attach to parasitized and nonparasitized erythrocytes, The formation 
of immune complexes on the erythrocyte surface may increase the permeabil
ity and fragility of circulating erythrocytes. Formation of such complexes in 
the plasma may serve as a means of evasion of parasite destruction by 
immune antibodies. 

During the exit of B. bovis and B. bigemina parasites from infected bovine 
erythrocytes, two or more parasite-associated proteolytic enzymes are released 
into the plasma. These enzymes and/or similar parasite metabolic products 
are believed to interact with blood components and are ultimately responsible 
for several of the pathologic signs and symptoms associated with bovine 
babesiosis, including increased erythrocyte fragility, hypotensive shock, and 
disseminated intravascular coagulation. Anemia is caused by intravascular 
destruction of erythrocytes by escaping babesias (Callow and Pepper, 1974). 
The reduction of hematocrits in acutely infected animals may also be asso
ciated with activation of kallikrein. 

A peculiarity of babesiosis caused by certain species of babesia, including B. 
bovis and B. canis, is the clogging of small capillaries of the skin and brain 
with both parasitized and unparasitized erythrocytes. It is believed that the 
coating of erythrocytes by parasite antigens neutralizes the normal surface 
charge of these cells, thus favoring erythrocyte autoagglutination. This effect 
is particularly striking in B. bovis infections. Despite peripheral blood parasi
temias being below 1 %, parasite rates in brain capillaries usually exceed 90%. 
This relationship persists following recovery and affords a method of diagnos
ing persisting babesial infections in clinically normal cattle through the use of 
brain biopsies. 

The fever, anemia, and parasitemia were considered to be valid parameters 
of the intensity of host-parasite interactions in cattle infected with B. bovis. 
An estimate of the fever, however, was considered the best on physiological 
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grounds because of the ease of measurement and because it appeared to be 
less susceptible to extraneous effects, error and subjective judgement than the 
other two parameters. 

Studies of the pathogenesis of B. bovis and B. bigemina infections in 
splenectomized calves showed a decrease in serum potassium levels in some 
animals while urine potassium levels were increased in all cases. Tubuloneph
rosis and degeneration of the convoluted and collecting tubules were present 
in severe infections. Vascular congestion was frequently observed, but vascu
lar stasis only occurred in severe B. bovis cases. Glomular shrinkage was usual 
in moderate and severe cases. Severe hepatic centrilobular and midzonal 
degeneration and necrosis was common in all severe cases. 

Erythrocytes parasitized with B. bovis were more resistant to lysis than 
either normal erythrocytes from control animals or unparasitized erythrocytes 
from infected animals. On the other hand, erythrocytes parasitized with B. 
bigemina were larger and osmotically more fragile than uninfected erythro
cytes from the same animal, which were in turn more fragile than normal 
erythrocytes from control animals. There is an indication that B. bigemina 
preferentially invades young erythrocytes. 

Babesiosis in man 

Until 1957, babesia infections had not been reported in man. The first case of 
human babesiosis was reported in a Yugoslav farmer in 1957 (Ristic and 
Healy, 1981; Healy, 1979). This person, as with a number of other cases, was 
splenectomized prior to acquiring the infection. However, not all patients who 
have developed the acute form of babesiosis were splenectomized. The latter 
is particularly true for individuals who contracted infections with Babesia 
microti. Other Babesia spp. which caused human infections are of bovine and, 
in one case, apparently equine origin. 

In most acute cases of babesiosis, the initial diagnosis was malaria. Usually 
after anti-malaria chemotherapy (chloroquine) was instituted, differential diag
nosis of babesiosis was established. Certain clinical signs observed in patients 
with acute babesiosis were high fever, chills, headache, and pain in the back. 
Other symptoms included hemoglobinuria and icterus. Of the total of 23 cases 
thus far reported, there have been three fatalities. 

The diagnosis of the disease was made by serologic means, isolation of the 
organism in hamsters and monkeys, or microscopic observation of babesia in 
stained blood films (Ristic et al., 1971). In hamsters infected with a human 
isolant of B. microti, the patent phase of the disease was characterized by 
severe anemia and marked parasitemia which occurred between the 6th and 
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41st day following infection. The patent phase was followed by development 
of a carrier state; this was demonstrated by relapse following splenectomy 113 
days after infection. An indirect fluorescent antibody (IF A) test was used to 
survey a human population residing in an endemic area of babesiosis in 
Mexico. Using the results of the test, efforts were made to isolate babesia 
from selected cases of serologically positive patients. The organism was iso
lated from three of the patients. These individuals apparently never exhibited 
any clinical signs of babesiosis (Osorno ef al., 1976). 

Based upon a limited number of reported cases of human babesiosis, one 
would conclude that the public health importance of the disease is limited, 
however, only a few places in the world are free of babesiosis. Farmers and 
other agricultural workers who spend a great deal of time in the field are 
likely to come in contact with babesia-infected ticks. The risk of contracting 
babesiosis is increased if these individuals are splenectomized. Factors which 
govern human susceptibility to babesiosis are not known at this time. For 
individuals with intact spleen conditions such as concomitant infections, 
metabolic and endocrinologic disorders may be among some of the possible 
disease precipitating factors. Virulence of a specific babesia strain and the 
nature of a vector tick must also be considered as elements governing the 
initial infection and the pathogenesis of the disease. In all probability, there 
are many cases of human babesiosis that have escaped proper diagnosis. The 
following factors may be attesting to that effect: there is morphologic similar
ity between trophozoites of Plasmodium Jalciparum and many Babesia spp. 
which may complicate differential diagnosis; symptoms of acute malaria and 
babesiosis are similar, thus, further complicating clinical diagnosis; finally, 
some of the common anti-malaria drugs may also be effective against babe
siosis (antimalarial drugs are not effective against rodent B. rodhaini). These 
and other factors may suggest that at least some cases of human babesiosis 
could have been misdiagnosed as malaria. In addition, experience in Mexico 
indicates that there are subclinical babesial infections which obviously remain 
undetected in the absence of a special diagnostic effort as made in that 
country (Osorno et a/. , 1976). The significance and long-term effects of 
subclinical infections at the present are unknown. Babesia infections, howev
er, could be disseminated by blood transfusion from individuals with subclin
ical infections to susceptible subjects. 

In most of the above human babesiosis cases, ticks have been incriminated 
as the vectors of various Babesia spp. It is well-established that differences 
exist among various tick species with respect to their ability to feed on man. 
Certain ticks, such as the Boophilus spp. which attack cattle, are extremely 
host-specific and rarely, if ever, attack man. Others such as the Dermacentor 
spp. are known to readily attack man and a wide range of other animals. On 
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Nantucket Island off the east coast of the United States where more than a 
dozen acute cases of human babesiosis were diagnosed between 1969 and 
1979, the vector was Ixodes dammini (deer tick) similar to 1. scapularis. Ixodes 
ricinus has been identified as an important vector of bovine babesiosis. 

Epizootiology and tick control 

Enzootic zones typically have a rather stable population of ticks with numbers 
sufficient to ensure calf exposure to Babesia spp. prior to 9 months of age. 
Colostral antibodies and/or age resistance protect exposed calves from devel
oping severe reactions and a state of premunition, or infection-immunity, 
ensues. Tick transmission studies and serologic data indicate that infections 
between cattle, and possibly between cattle and wild ruminants, are common 
in those areas. Mixed infections with Anaplasma marginale are frequently 
observed in enzootic zones. 

Marginal zones, in contrast, experience significant variations in vector tick 
numbers over seasons or years with the result that a number of animals 
escape exposure to tick-borne babesiae until after 9 months, and sometimes 
until 2 or more years of age. Infection at this time is more severe and death 
may occur. The severity of reactions on a herd basis is directly related to the 
proportion of susceptible animals, i.e., those which were not exposed to 
infected ticks as calves. It is important to note that stable, enzootic regions 
may be converted into unstable, marginal areas through the use of acaricides. 
If the tick population is artificially reduced for a number of months or years 
and then allowed to increase to earlier levels, a real probability of epidemic 
babesiosis exists (Curnow, 1973). 

An important part of any tick-borne disease control program is vector 
control. This has traditionally involved the use of acaricides applied as dusts, 
sprays, dips or through hand application. Unfortunately, ticks have developed 
resistance to arsenicals, DDT, BHC, toxaphene, dieldrin, organophosphates 
and carbamates. Although acaracide resistance in Australia has received con
siderable attention, similar resistance problems to arsenicals, DDT, BHC and 
toxaphene have appeared in Argentina, Brazil, Venezuela and Colombia. 
Organophosphate resistance is also reported to occur in the Americas. 

Mechanisms of resistance are variable reflecting the genetic makeup of 
individuals in any tick species. Cross-resistance describes the situation where a 
single property provides cross-protection to various toxicants, in multiple resis
tance different defense mechanisms exist in the same tick strain, and in 
duplicate resistance at least two mechanisms exist in the same resistant strain 
to protect individuals from one compound. Some investigators believe that 
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genetic selection for insecticide resistance is more intense when (1) lethal 
concentrations of insecticide, as opposed to sub-lethal, are used and (2) the 
insecticide has residual effect thus providing continuous selection pressure. 
Other techniques that have been tried with limited success to control ticks 
include the burning of infested grasslands, pasture treatment with acaricides, 
the use of tick parasites and predators, and pasture spraying. 

Development of babesia in invertebrate and vertebrate hosts 

Little is known about the early stages of parasitic development in the tick, but 
various bodies have been detected and designated sexual stages. Although 
union of these stages has not been seen, the various forms seen in tick gut 
content could be gametes which unite to form a zygote. There is enough 
evidence available to suggest that such fusion of gametes may occur (Rud
zinska, 1979). Such sexual union is followed by sporogonic multiplication, 
giving rise to numerous vermicules in epithelial cells of the gut. Large 
numbers of vermicules penetrate all tissues of the tick and repeat the 

Fig. 3. Mature vermicules of Babesia bovis with vacuolated cytoplasm in the hemolymph of an 
adult Boophilus microplus tick. X 1650. 
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Fig. 4. Postulated life cycle of Babesia bigemina in the cow and the tick (A). Feeding mechanism 
of babesia during erythrocytic phase of development. An engulfment of droplets of erythrocytic 
cytoplasm (phagotrophy), with hydrolysis of subsequently formed intracytoplasmic food vacuoles, 
are biochemical pathways leading to formation of parasitic proteins (B). 
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multiplication cycle (Fig. 3). Some vermicules invade the eggs and divide in 
the gut epithelium of the developing larva. After the larva feeds, vermicules 
enter cells of the salivary gland and grow into large bodies which generate the 
small round and pear-shaped forms, infective for the vertebrate host. 

After infection by the tick, "sporozoites" enter the blood circulation and 
invade erythrocytes. Intraerythrocytic larger parasite forms designated tropo
zoites divide by binary fission or a budding-like process. Each dividing tro
phozoite produces two to four merozoites which are capable of invading new 
erythrocytes. At the time of their exit from the erythrocytes, merozoites 
synthesize a surface coat which seems to be essential for attachment to and 
penetration of erythrocytes. Merozoites invade erythrocytes by formation of a 
parasitophorous vacuole consisting of erythrocytic membrane. This vacuole 
temporarily surrounds the newly-arrived parasite and then gradually disap
pears by fusing with the plasma membrane of the parasite. The parasite again 
enlarges into trophozoites and the cycle of multiplication and invasion of 
erythrocytes continues. The final step in the erythrocytic growth cycle is 
marked by differentiation of the organism into micro- and macrogametes 
which enter into the sexual cycle of development in the tick. Developmental 
cycles of babesia in vertebrate and vector hosts are projected (Fig. 4A). 

The feeding mechanism of Babesia during the erythrocytic growth phase is 
similar to that of Plasmodium. The parasite engulfs large droplets of erythro
cytic cytoplasm by pinocytosis or phagotrophy, leading to the formation of 
food vacuoles. These vacuoles are then hydrolyzed and resulting amino acids 
utilized for building parasitic proteins (Fig. 48). Unlike plasmodium, there is 
no residual pigment (hemozoin) detectable in the cytoplasm of babesia follow
ing digestion of the food vacuole. A diffusion through the erythrocytic mem
brane is another apparent means for the parasite to derive needed nutrients 
from the host blood plasma. 

Methods for in vitro propagation of Babesia 

Until recently, the only method for producing babesia antigens for serologic 
and vaccine purposes was the use of the organism and its products collected 
from acutely infected cattle. The first in vitro method for short-term cultiva
tion of B. bovis, called the spinner flask method, was recently achieved (Erp et 
al., 1978). Subsequently the technique was adapted as a continuous cell 
culture for B. bovis (Erp et at., 1980). The method was later adapted to the 
cultivation of B. canis. Levy and Ristic (1980) radically modified Erp's spinner 
flask method into a microaerophilous stationary phase (MASP) culture sys
tem. The latter method fulfilled the apparent maximum requirements of B. 
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Fig. 5. Babesia bovis in microaerophilous stationary phase (MASP) culture. Various intraerythro· 
cytic growth forms (A) and (B), and extraerythrocytic merozoites (C) are shown. Giemsa staining 
method. x 1280. 
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bovis for low oxygen tension. Lowered oxygen tension within the layer of host 
erythrocytes results in a darkening of infected cultures and provides a rapid 
means of evaluating parasite growth. The MASP method is a continuous 
culture system capable of generating massive quantities of soluble and mero
zoite antigens for use as immunogens and serodiagnostic reagents (Fig. 5C). In 
addition, the method is beneficial for evaluation of chemical assays of anti
babesial drugs. 

Deprivation of CO2 in the MASP cultures causes the merozoites to accu
mulate in the medium rather than invading new erythrocytes (Fig. 5). This 
phenomenon provides a tool for collection of cell-free merozoites and for 
study of various biologic parameters of host cell-parasite interaction. This 
finding led to the development of the first in vitro merozoite neutralization 
test (MN) for a hemotropic parasite. In the MN test measured quantities of 
immune babesia serum are used to inhibit invasion of erythrocytes by the 
extracellularmerozoites. Consequently, the MN test provides a means for 
measurement of protective antibodies in babesiosis. 

Babesia antigens from cell cultures 

Most of the data on structural, biochemical and antigenic properties of Babe
sia spp. obtained from cell cultures used the organism isolated by differential 
centrifugation and Ficol density gradient. Upon separation of erythrocytes by 
low speed centrifugation, the supernatant was subjected to high speed centri
fugation producing soluble antigen in the supernatant and merozoites in the 
pellet (Gravely et al., 1979). Upon extraction of merozoites in cold (4 DC) 
phosphate buffered saline, soluble antigens were eluted from the surface of 
these organisms. When B. bovis and B. canis merozoites were subjected to 
examination by electron-microscopy, a surface coat analogous to that 
observed in Plasmodium spp. was demonstrated (Fig. 6). Based on preliminary 
immunologic studies, it appears that the merozoite surface coat antigens are 
identical with the soluble antigens found free in the supernatant of the 
spinner flask and MASP cultures. The surface coat of babesia appears to carry 
the immuno-dominant characteristics. An in vitro effect of immune bovine 
serum on the merozoite surface coat antigens is shown in Fig. 7. It has been 
demonstrated that soluble babesia antigens and merozoite surface antigens are 
immunogenic and confer a good protection against homologous challenge 
(Ristic and Levy, 1979). 

Various immunochemical methods have been used to further purify soluble 
babesia antigens and consequently examine their biologic properties. With B. 
canis and B. bovis it was shown that 40 to 50% ammonium sulfate precipita-
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Fig. 6. An electron micrograph of a cell-free Babesia canis merozoite derived from in vitro cell 
culture. Note the prominent nucleus (N) and the very distinct surface coat (SC). X 40 500. 

tion removes most of the antigens from the culture supernatant. With B. 
bovis, relatively pure soluble antigens were obtained by the immunoadsorbent 
procedure adapted from A vrameas and Ternynek (1969). In this method, 
specific gammaglobulins are insolubilized by treatment with 2.5% glutaralde
hyde and used as an immunoadsorbent substrate. Gel filtration methods 
showed that soluble antigens eluted in the void volume coincident with IgM. 
Small quantities of parasite specific antigens were also isolated by use of 
isoelectric focusing technique. Very recently, B. bovis was adapted to growth 
in a rabbit erythrocyte-serum system using the MASP method. This achieve
ment provided an excellent means for application of immunologic systems to 
isolation and purification of soluble babesia antigens from a corresponding in 
vitro bovine system. 
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Fig. 7. Electron micrograph of cell culture-derived merozoites of Babesia bovis incubated for 
30 min at 37°C in a normal (A) and B. bovis immune serum (B). Note strong agglutinating and 
lytic effects in merozoites incubated in immune bovine serum. xl 0 500. 
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Based upon their reaction with convalescent sera, cell culture-derived solu
ble B. canis antigens were found ~enerally thermolabile following treatment at 
100°C for 10 min. However, these still reacted with hyperimmune canine 
sera indicating the presence of a residual carbohydrate antigen moiety. This 
finding is further substantiated by reduction of antigenic activity manifested 
following treatment of soluble antigens with amylase. The antigens were also 
degradable by treatment with 2-mercaptoethanol and to a variable degree with 
trypsin. The overall results indicate that the surface coat antigen is a rich 
protein moiety with polysaccharide residues (glycoprotein). 

Resistance 

Innate factors are possessed by the host as natural protective elements unre
lated to a particular pathogen. This narrow host-specific resistance to babesia 
infection, however, must be reevaluated in view of recognized occurrence of 
babesiosis in human beings cuased by various babesia strains. Different 
breeds of cattle are known to differ in their susceptibility to infection and 
manifestation of clinical signs of babesiosis (Aragon, 1976). Bos indicus cattle 
are more resistant than Bas taurus to B. bovis. Age resistance was demon
strated with B. bovis and B. bl~,<emil1a in 4- to 7-month old calves from 
nonimmune mothers. Other workers failed to demonstrate this nonspecific 
resistance and showed that protection was passively transferred from cow to 
calf. Passive protection lasted 1 to 2 months after birth. Animals concurrently 
infected with other hemotropic parasites may show resistance to babesiosis. 
This resistance may be related to nonspecific stimulation of reticuloendothe
lial systems and possibly alteration of the erythrocytes with a concurrent 
agent making them less suitable for babesia. 

Nonspecific stimulation of resistance with diethylstilbesterol, which in
creases phagocytic activity, and by inoculation with the endotoxins and BCG 
was thus far demonstrated in murine babesiosis only. From evidence of 
studies in malaria, there seems to be a considerable difference in the mecha
nism of resistance and possible protective immunity between rodent and 
human malaria. Similar phenomenon may be operational between rodent and 
cattle babesiosis. Consequently, not all immunological data derived from 
studies of infections in mice caused by B. rodhaini and B. microti may be 
applicable to infection of cattle with B. bovis and B. bigemina. 
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Immunity 

According to the well-established concept of .. premunition", persistence of 
solid immunity to clinical babesiosis depends upon continuous maintenance 
of the causative agent in the blood. The presence of the organism in the 
tissue in a metabolically active state apparently supplies the necessary antig
enic stimulus for continuous maintenance of humoral and cellular defense. 
There are numerous reports, however, to show that maintenance of acquired 
immunity to babesia parasites in cattle is not dependent on a continued 
presence of the parasite (Mahoney et al., 1979). A sterile protective immunity 
following elimination of B. bigemina and B. bovis by chemotherapy, by vacci
nation with nonliving antigens derived from infected animals, and more 
recently from cell cultures, has been clearly demonstrated. The earliest indi
cation of the possible role of serum antibodies in protection is indicated by 
the following observations: (1) the concentration of specific antibodies usually 
falls below detectable levels before immunity wanes, (2) passive transfer of 
immunity to B. bovis from mother to offspring does take place, presumably 
via colostral antibody, (3) a delay in the onset of parasitemia occurs if the 
recipient animal is given the antiserum at the time of infection. 

Passive transfer of serum from cattle immune to B. bovis to splenectomized 
calves infected with the same agent indicated that an effector mechanism was 
mediated by antibodies which reacted with parasitized erythrocytes. It was 
concluded that the protection manifested in calves was due to opsonization of 
infected erythrocytes and consequently removal by phagocytic elements. 

Limitations are obvious in studying the kinetics of protective anti-babesia 
antibodies using a living host. The newly-developed MASP culture system 
described above provides a simpler and more accurate means for such studies. 
From preliminary studies thus far completed, it is indicated that the major 
antigenic determinants associated with induction of protective immunity to 
babesia are localized in the surface coat of the merozoites. It was further 
shown that antibodies to these antigens are fully responsible for preventing 
penetration of erythrocytes by extracellular babesiae. Based upon electron 
microscopic evidence, the interaction between these antibodies and the para
site results in disruption and/or lysis of the organism (Fig. 7). The protective 
role of the merozoite surface coat antigens is further reflected by their appar
ent interaction with specific receptor sites on the surface of erythrocytes. 
Merozoites deprived of the surface coat do not seem capable of attachment 
and penetration of erythrocytes. 

Of the cellular elements involved in protection of a living animal, phago
cytic cells obviously play a significant role. There is an indication that their 
activity is being prompted by opsonins and/or cytophilic antibodies. Nothing 
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is known of any cell-mediated immune processes which may be operating 
although indirect evidence points to their involvement. Thymus-derived lym
phocytes (T cells) may be involved in a helper capacity for antibody synthesis 
and in the activation of macrophages leading to increased parasite destruc
tion. 

Role of the spleen 

Splenectomy of cattle with latent B. bovis infections rarely precipitates a 
patent relapse parasitemia, whereas in latent B. bigemina infection splenecto
my is regularly followed by nonfatal patent parasitemias. Presumably in the 
former situation, extra splenic sites more readily take over the immune 
function of the spleen. 

Three functions have so far been ascribed to the spleen in immunity to 
babesia: (1) it may remove parasites from infected red cells by the process of 
" pitting" as described for malaria infections and thereby reduce parasite 
numbers even before a specific immune response is under way; (2) the spleen 
is a major site of phagocytosis and (3) it is a site of antibabesial antibody 
production. 

Antigenic variations 

Babesia infections are frequently of long duration with the parasites surviving 
in the semi-immune host. Survival of the parasite may reflect its ability to 
evade the host's immune response by undergoing antigenic variations. Antig
enic differences between field isolates of the same species have also been 
reported. Vaccination studies, however, have shown that one strain conferred 
active protection against the other. It is suggested that the mechanism of 
cross-immunity is based on priming of the host's immune system by protec
tive antigens of the vaccine strain so that a secondary response against the 
heterologous strain occurred soon after challenge (Mahoney et al., 1979). 

Diagnosis 

During the acute phase of the disease, the organism can be microscopically 
detected by examination of stained blood films. Babesia bovis can also be 
detected in stained brain smears. In the procedure, a sample of grey matter of 
the cerebral cortex is placed on a slide near one end, the tissue is crushed 
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using another slide and then spread toward the other end of the first slide, 
fixed and stained. 

Soluble and corpuscular antigens derived from the blood of infected ani
mals have been used in various serologic tests for diagnosis of babesiosis 
(Todorovic, 1975). These tests include complement fixation (CF), indirect 
hemagglutination (IHA), capillary and slide agglutination (CA), indirect fluo
rescent antibody (IF A), precipitation in gel (PG), and the enzyme-linked 
immunospecificity assay (ELISA) tests. 

The length of the period during which antibodies are detectable depends on 
the test employed. For example, in bovine babesiosis the titer of CF antibod
ies rises to a peak 2 to 3 weeks after infection and then gradually declines. 
The CF test could be used to identify B. bigemina and B. bovis infected 
animals for 4 and 7 months after infection, respectively. 

The IF A test is species specific, that is, it differentiates B. bovis from B. 
bigemina infections. Detectable levels of antibody using this technique persist 
for a relatively long time. Antibodies to B. bovis and B. bigemina have been 
detected for nearly 1 and 2 years, respectively. A comparison of the CF, 
IF A, and the ELISA tests in bovines showed that although CF titers were 
detected earlier, they were consistently lower than those determined with the 
other two tests and declined to undetectable levels at a time when IF A and 
ELISA tests were clearly positive. 

Based upon the results of field and laboratory studies, the IFA test seems 
to be the most widely used serologic test. An evaluation of the accuracy of 
the IF A test for detecting antibodies to B. bovis showed that the test is a 
reliable indicator of current infection with the organism. The probability of 
the test not detecting animals infected with B. bovis (false negative) was 0.003 
(95% confidence limits 0.001 to 0.01). The probability of the test giving a 
false positive result was 0.028 (95% confidence limits 0.02 to 0.05). Dried 
paper-absorbed blood samples were also used as a source of antibodies for the 
IF A test. Consequently, the IF A test appears useful for epizootiological stu
dies of bovine babesiosis. 

The IHA and the CA tests have demonstrated persistent antibodies after 
prolonged periods of time. Accordingly, these tests appear useful for detection 
of long-standing carriers. 

Pathology 

Gross pathologic changes of an animal which dies during the acute phase of 
babesiosis are characteristic and have been described by many investigators. 
Principal changes include icterus of all tissues, excessive serous fluid in body 
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cavities, subcutaneous and pulmonary edema, enlarged spleen, congested liver 
and swollen and frequently hemorrhagic kidneys . 

. Microscopic changes caused by an infection of cattle with B. bovis include 
the packing of erythrocytes, the majority of which are parasitized in the 
capillaries of the grey matter of the brain and in the kidney. Variable degrees 
of centrilobular necrosis of the liver and renal nephrosis with cast formation 
are common findings. Biliary retention with distension of canaliculi is another 
prominent abnormality. Excess hemosiderin may be present in macrophages 
of the liver, lymph nodes, lung and, to a lesser extent, in the spleen and 
kidney. Active phagocytosis of erythrocytes and cell debris may be evident. 
Mobilization of lymphocyte reserves and hyperplasia of the reticuloendothelial 
system is marked. Excessive numbers of plasma cells are present in the 
spleen, liver and kidney of the animal in which the course of disease is 
prolonged. 

Immunization 

Various vaccination methods have been developed and studied under labora
tory and field conditions as immunoprophylactic means against bovine babe
siosis. In all instances, the vaccine antigens were derived from animals in the 
acute phase of infection, usually splenectomized, and were introduced into 
recipient animals in live or inactivated forms. The recent development of cell 
cultures for continuous propagation of B. bovis has provided the necessary 
means for producing the first vaccine against an intraerythrocytic parasite in a 
standard manner commonly used in preparation of vaccines against viral and 
bacterial diseases. 

J. Live Vaccines 

The oldest form of immunization against babesiosis consisted of inoculating 
susceptible animals with the whole blood of carrier cattle. This procedure 
resulted in disease and occasional losses in inoculated animals. The method 
could be modified by infection and treatment of inoculated animals, the 
procedure being known as "premunition". 

A limited degree of protection was given to cattle injected with irradiated 
B. bovis, B. bigemina or B. major infected erythrocytes. The cells were irra
diated with a dose sufficient to prevent a parasitemia from developing after 
injection of the irradiated parasites. Where the irradiation dose only "inacti
vated" or " killed" the majority of the parasites, the calves were later strong
ly immune to challenge with viable parasites. The immunizing dose caused 
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mild clinical reactions and parasitemia followed injection of the irradiated 
parasites. The immunizing efficiency of irradiated parasites may be related to 
the fact that even after irradiation there is some residual metabolic activity 
retained by the organism (Purnell et al., 1978). 

Immunization of cattle against babesiosis caused by B. bovis using an 
" avirulent" vaccine strain has been successfully practiced in Australia since 
1964. A vaccinal strain is produced by rapid passage of B. bovis-infected blood 
through splenectomized calves (Callow, 1977). The organism appears safe for 
inoculation into animals with spleen in situ, however, subinoculation of blood 
from vaccinated animals into another susceptible cow was shown to cause the 
disease in the latter. The mechanism involved in change of virulence of the 
organism by passage through splenectomized calves appears to be associated 
with a selection of a less virulent ring form of the organism. 

2. Inactivated Vaccines from Infected Animals 

All inactivated vaccines were composed of soluble and/or corpuscular babesia 
immunogens collected at the peak of parasitemia, processed through limited 
purification steps, lyophilized or used fresh, and inoculated emulsified with an 
adjuvant, the latter being most frequently Freund's type adjuvant. Ordinarily, 
more than one injection was recommended for each vaccination period, and 
there was usually a need for two or more such periods a year. 

Cattle have been partially protected against homologous challenge by 
immunization with inactivated B. bigemina and B. bovis (Mahoney and 
Wright, 1976). Infected erythrocyte antigen of B. bovis was more effective 
than the plasma of infected animals (Mahoney and Goodger, 1972). 

3. Inactivated Vaccines from Cell Cultures 

At least two types of inactivated vaccines can be prepared from the in vitro 
cultures. The first is a merozoite vaccine and the second is a parasite-free 
soluble merozoite surface coat vaccine. Both of these vaccines may be admin
istered singly or in combination, can be preserved, stored, and used as stable 
lyophilized products. 

Initially the antigens used for production of these vaccines were derived 
from the spinner flask cell cultures which produced an average of 3 % para
sitemia (Smith et al., 1979). They were admixed with incomplete Freund's 
adjuvant and administered subcutaneously in two doses at two-week inter
vals. Four weeks after the initial inoculation, all principal and control animals 
were each challenged with 1000 B. microplus larvae from B. bovis-infected 
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Fig. 8. Pathogenesis of babesiosis exemplified by changes in packed cell volume and mortalities 
in two non-vaccinated and two vaccinated 19-month-old Holstein cattle. The vaccine consisted of 
cell culture-derived soluble B. bovis antigen fortified by an oil adjuvant. Each animal was 
challenged with 1000 larvae of Boophilus microplus colony infected with B. bovis. 

Table 1. Summary of early vaccination studies with low concentration of spinner 
flask culture-derived Babesia bovis antigens (parasitemia <5%). 

Treatment 

Corpuscular (merozoite) antigen 
Soluble antigen 
Non-immunized 

Number of animals 

8 
14 
11 

Tick challenge 
mortality 

(%) 

o 
21 
82 

colonies (Smith et al., 1978). The results of this initial study are shown in Fig. 
8 and summarized in Table 1. 

In more recent studies soluble B. bovis antigens were derived from the 
improved MASP culture which produced an average of 29% parasitemia. The 
antigens were concentrated approximately 7 times by lyophilization, admixed 
with a new Saponin (Quil-A) adjuvant and administered subcutaneously in 
two doses on days 1 and 14. Several small experiments were conducted, each 
consisting of 3 to 4 cattle. All inoculated animals showed a marked rise of 
IF A antibodies reaching a maximum titer of 1: 20 000 at approximately 3 to 4 
weeks after inoculation. The antibody titers persisted for 3 to 4 months and 
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then subsided below detectable levels. Animals challenged at this time 
mounted a strong anamnestic antibody response which reached IF A titers of 
1: 350000 at 10 days after challenge. Vaccinated animals showed no detecta
ble clinical or hematologic signs of infection. In fact, in one case studied, no 
evidence of even subclinical infection was detected indicating that the chal
lenge infection was fully rejected. Conversely, all control animals developed 
clinical signs of the disease and died or were treated and recovered (Ristic and 
Levy, 1979). 

4. Prospective Look into the Vaccination Future 

Historically, in vitro systems for propagation of babesiae signify an important 
turning point in our research efforts. Henceforth, the speed with which a 
practicable vaccine for control of babesiosis will be available is only a matter 
of time needed for scaling up the technology for commercial production of 
such a product. Steps in this direction are now under way and the bovine 
industry should benefit in the near future by the availability of an effective 
deterrent to babesiosis. 

The choice of a live versus inactivated vaccine will depend in part upon the 
type of disease control program in which it is to be used. For control of 
babesiosis in endemic areas, either live or inactivated vaccines could be used. 
Manipulation of live vaccines, however, is more difficult since these must be 
preserved by freezing and refrigeration for long and short-term preservation, 
respectively. Another disadvantage of live (not stable attenuated mutant) 
vaccines is that thei.r implementation broadens the source of babesial infection 
for tick vectors. 

Inactivated vaccines are definitely preferred in marginal areas where babe
siosis is a seasonal event, for the immunization of animals to be moved from 
tick-free zones into endemic areas, and for regions where eradication of 
babesiosis is contemplated. In these situations vaccination would prevent 
death losses during an occasional unexpected exposure to babesiae but would 
not disseminate organisms which could be picked up and transmitted by 
vector ticks. 

These new developments and prospects for an early effective vaccine 
should not mean that it will be a remedy for all ecological occurrences of the 
disease. We must continue to define the antigenic spectrum of babesia in 
various geographic regions by isolation of the organism in cultures directly 
from ticks. Another subject yet to be examined is the role of B. bigemina in 
the total babesiosis syndrome. Finally, an anti-babesia vaccine destined for 
use in the tropics must be used in combination with an anti-anaplasma 
vaccine in order to be practically useful. 
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Treatment 

Treatment of babesiosis is usually concerned with moderating the clinical 
signs of the disease. Some compounds are highly effective and specific, 
making elimination of the infection by a single dose possible. While this 
treatment may eliminate a reservoir of infection, it may not be a desirable 
approach when the animal is in an endemic area, where the exposure to ticks 
is frequent. If a sterilizing treatment is given early in the course of infection, 
the persisting sterile immunity is lower than if the treatment is given after a 
high parasitemia. When animals with good sterile immunity are reexposed, a 
carrier state is achieved without evidence of overt infection. If reinfection is 
delayed for 6 to 12 months and the sterile immunity has waned, the infection 
may be associated with clinical signs and even death. 

In general, the small babesias are more refractory to treatment than the 
large one, i.e., B. bovis is less responsibe to treatment than B. bigemina. Some 
of the more important compounds used in treatment of bovine babesiosis are 
shown below (Kuttler, 1979). 

Trypan blue is probably the first specific drug used to successfully treat B. 
bigemina infections. Intravenous injection of trypan blue at the rate of 2 - 3 / 
mg/kg effectively eliminated B. bigemina but not B. bovis. The drug usually 
produces discoloration of the animal's flesh. For this reason, and in view of 
availability of new, more effective drugs, it is used less frequently. 

Quinoline derivatives, among which Acaprin is the most prominent, are very 
effective against B. bigemina and to a lesser extent against B. bovis. The drug 
is toxic when given in excessive doses, thus the exact formulation is essential. 
A prescribed dose is 1 mg/kg given subcutaneously. 

Acridine derivatives are effective against both B. bigemina and B. bovis. A 
5% solution is administered intravenously in doses of 15 to 20 ml per ani
mal. 

Diamidine derivatives, among which the most prominent are amicarbalide 
(Diampron) and diminazene aceturate (Berenil-Ganaseg) are very effective and 
safe to administer against most bovine babesias. Amicarbalide is given intra
muscularly at the rate of 5 to 10 mg/kg. Diminazene aceturate is also given 
intramuscularly but at the rate of 3 to 5 mg/kg. There is an indication that 
even lower doses of this drug may have a good chemotherapeutic effect. 
There is a high safety margin with either of the above drugs, thus, the dosage 
can be adjusted to moderate the parasitemia and the clinical response. 

Imidocarb, 3, 3'-bis-(2 -imidazolin-2 -yO carbanilide disproprionate held great 
promise for the treatment and chemoprophylaxis of bovine babesiosis. It was 
also shown to prevent infection of ticks with B. bigemina and B. bovis during 
the period that these circulated in the blood of inoculated animals. A 5 mg/kg 
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of Imidocarb given 14 days before and 14 days after exposure to babesia
infected B. microp/us larvae rendered the next generation of larvae incapable 
of transmitting babesia infection. The drug has been used prophylactically at a 
dose of 2 mg/kg intramuscularly. It suppressed the development of acute 
babesiosis in calves treated 46 days prior to exposure with a lethal dose of B. 
bigemina and B. bovis infection. Higher doses of the drug up to 20 mg/kg 
have been used, however, acute signs of toxicity were noted, particularly 
when intravenous administrations were practiced. 

Residue problems with Imidocarb were responsible for its withdrawal from 
the market. 
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36. BOVINE TRYP ANOSOMIASIS 

W.I. Morrison, Max Murray and W.I.M. 
McIntyre 

Abstract. African trypanosomiasis in cattle represents a major constraint to agricultural 
and sOclo-economic development in vast areas of Africa. The disease is caused prin
cipally by three species of trypanosome (T,ypanosoma congolense, T. vivax and T. 
brucei) which are transmitted by several species of tsetse flies (Glossina). Trypanosom
iasis in cattle results in poor productivity and mortallty. The widespread nature of the 
disease is due to the distribution of tsetse, the ability of the trypanosomes to escape 
host defense mechanisms by undergoing antigenic variation and by their capacity to 
infect a large variety of other hosts, including wild game. Cattle can also act as carriers 
of the human pathogen T. b. rhodesiEnSE. Following the intradermal inoculation of 
trypanosomes by the tsetse fly into a susceptible host, there is prollferation of trypa
nosomes within the skin resulting in a locallzed skin reaction, known as the chancre, 
which develops before the appearance of parasites in the bloodstream. 

Infected animals suffer from a severe anemia and there is widespread tissue damage 
affecting organs such as the heart, skeletal muscles, endocrine system and reproduc
tive tract. The lymphoid system undergoes marked changes characterized initially, by 
intense proliferation associated with hypergammaglobullnemia and later, by depletion. 
Definitive diagnosis depends on demonstration of the trypanosome in blood samples. 
No field vaccine is available for bovine trypanosomiasis, and the methods currently 
employed for control include chemotherapeutic and chemoprophylactic drugs, tsetse 
eradication or control and the use of trypanotolerant cattle. 

Disease 

Trypanosomiasis (or Nagana) of cattle is a disease caused by several species of 
extracellular hemoprotozoan parasites which are cyclically transmitted by 
tsetse flies. Because of the widespread distribution of the insect vector (Fig. 1) 
and the limitations of current control measures, it is prevalent throughout 
vast areas of Africa. As a consequence, trypanosomiasis is regarded econom
ically as the most important disease of cattle on the African continent. In 
addition to causing clinical disease resulting in mortality and poor productiv
ity of livestock inhabiting tsetse-infested areas, the presence of the organism 
also renders large areas of Africa totally unsuitable for maintenance of lives-
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Fig. 1. The distribution of tsetse fly (Glossina) in Africa. 

tock. Trypanosomiasis, therefore, represents a major obstacle not only to 
increasing food production but also to the agricultural and socio-economic 
development of communities within infested areas. 

Etiology 

The Ttypanosome 

The trypanosomes of cattle are flagellated blood-borne parasites ranging from 
8 to 39 11m (Mulligan, 1970). They are spindle shaped with a centrally placed 
oval nucleus and they possess a single elongated mitochondrion which 
extends along much of the length of the cell. Towards the posterior end of 
the cell is a small densely-staining structure known as the kinetoplast which 
contains DNA. In close proximity to the kinetoplast is a small pocket (flagel
lar pocket) from which emerges a single flagellum which is attached along the 
longitudinal axis of the cell. The trypanosome also possesses a prominent 
layer of micro tubules which lie just beneath the plasma membrane. The 
organisms are extremely motile by virtue of their flagellum and it is thought 
that the microtubules help to maintain cell shape during locomotion. Several 
of the structural features, such as the size and position of the kinetoplast and 
the presence or absence of a free flagellum at the anterior end of the organ
isms are used to distinguish the different species of trypanosomes in stained 
thin smears (Table 1). Perhaps the most important structural feature of the 
trypanosome, with regard to its ability to induce persistent infections in its 
mammalian host, is the possession of a surface coat. This cell coat, which is 
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Fig. 2. T,ypanosoma congo/ense in a thin blood smear. Giemsa. x 1600. 

approximately 15 nm in depth and is only visible at the ultrastructural level, 
covers uniformly the entire plasma membrane and is composed predominantly 
of a single glycoprotein molecule of MW 55 000-65 OOOK. It is this glycopro
tein on the surface of the trypanosome which changes antigenically during 
the process of antigenic variation (Cross, 1978). 

Three distinct species, belonging to different sub-general are pathogenic in 
cattle. These are Trypanosoma (Nannomonas) congolense (Fig. 2), T. (Duttonel
la) vivax and T. b .. brucei which belongs to the subgenus Trypanozoon. All 
three species are found in cattle throughout the tsetse-infested areas and it is 
not uncommon to find all three trypanosomes in the same animal. The three 
species can be distinguished on morphological grounds and by characteristic 
behavior when observed in a fresh wet blood film (Table 1). 

However, T. b. brucei is closely related to and morphologically indistin
guishable from the human pathogens, T. b. gambiense and T. b. rhodesiense 
which belong to the same subgenus. Unlike T. b. brucei, these subspecies are 
not found throughout the tsetse telt but are restricted to localized foci. While 
the evidence as to whether or not T. gambiense can infect cattle is conflicting, 
infections with T. rhodesiense have been confirmed. In such situations, when 
trypanosomes with the morphological characteristics of T. b. brucei are iso
lated, the only certain way at present of distinguishing the subspecies is to 
ascertain whether or not the organisms are infective for man. Over the years 
these organisms have been regarded as separate subspecies, but more recently, 
it has been suggested that they belong to the same species and that through 
time T. b. brucei may give rise to variants which are infective for humans and 
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thus by definition have transformed to T. b. rhodesiense. It is known that 
human plasma can be cytotoxic for T. b. brucei while certain T. b. rhodesiense 
and T. b. gambiense strains are resistant; thus the blood incubation infectivity 
test was devised in an attempt to distinguish between these subspecies (Rick
man and Robson, 1970). Another promising means of identification is by 
isoenzyme electrophoresis; it has been found that T. b. gambiense has a 
distinct isoenzyme pattern and by using this approach T. b. gambiense has 
been identified in pigs and dogs (Gibson et al., 1978). 

When examining blood samples from cattle in endemic areas of trypanos
omiasis, T. congofense and T. vivax are usually found more frequently than T. 
brucei and in general are considered to be more pathogenic. However, by 
subinoculation of blood into laboratory animals, a much higher incidence of 
infection with T. brucei may be found and results of a number of studies 
indicate that T. brucei can be pathogenic in its own right. 

The Insect Vector 

The African trypanosomes are cyclically transmitted by tsetse flies, genus 
Glossina (Mulligan, 1970). The tsetse fly becomes infected with trypanosomes 
when it feeds on art infected animal. The trypanosomes then undergo a number 
of developmental stages (trypomastigote, epimastigote and metacyclic forms) 
before they become infective, once more, for the mammalian host. After 
ingestion by the fly, the organisms lose their surface coat; in addition, there is 
marked development of the mitochondrion associated with the decrease in 
available glucose within the fly. Although the developmental stages are sim
ilar for the three species of trypanosomes, the sites in which they occur show 
some differences (Table 1). Thus, the initial stages of development of T. 
congolense and T. brucei take place in the midgut from which the organisms 
migrate to complete their development in the salivary glands in the case of T. 
brucei and in the proboscis in the case of T. congofense. By contrast, all stages 
of development of T. vivax occur in the proboscis. The final stage of devel
opment to the metacyclic forms is associated with involution of the mitoch
ondrion and re-acquisition of a surface coat. At this stage the organism is 
again capable of establishing an infection when the fly feeds on a susceptible 
host. Another important difference between the three life cycles within the 
tsetse is the length of time taken to complete the trypanosome cycle. T. vivax 
can be as short as five days, while T. congofense usually takes two weeks and 
T. brucei three weeks or longer. 

There are a number of species of tsetse fly and these can be divided 
broadly, according to habitat, into three categories, namely forest (Fusca 
group), riverine (Palpalis group) and savanna (Morsitans group) types. Between 
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the different groups and among the different species of tsetse fly within each 
group, habitat preferences, feeding preferences, trypanosome infection rates, 
efficacy of transmission and virulence of transmitted infections may vary. In 
general, the savanna and forest species are more efficient vectors for trypanos
omiasis of cattle than the riverine species. However, because of their proxim
ity to animal pasture the savanna and riverine species tend to be the major 
threat to livestock; in particular the savanna species can give rise to severe 
disease problems even when present in barely detectable numbers. 

Mechanical transmission of trypanosomal infections between cattle can also 
occur although it is relatively much less important than cyclical transmission. 
The tsetse fly itself may act as a mechanical vector if it is interrupted during 
feeding on an infected bovine and then completes its feed on another host. 
This can only occur when animals are herded closely together. Other species 
of biting fly can also mechanically transmit the infection. In general, although 
mechanical transmission may occur with all three species of trypanosome, it 
is considered to be more important for T. vivax. Evidence for this was 
obtained by observing the nature of infection in pastoral herds after they 
moved away from tsetse fly-infested areas. It was found that with increased 
time after exposure to tsetse flies, T. vivax accounted for an increasing 
proportion of the detectable trypanosome infections in the herd. This was 
attributed to T. vivax being more readily transmitted by biting flies than either 
T. congolense or T. brucei. The potential importance of mechanical transmis
sion of T. vivax is emphasized by the widespread presence of this trypano
some species in South America, a continent where the tsetse does not 
occur. 

Antigenic Variation 

Antigenic variation is the phenomenon whereby during infection of a mam
malian host by a single species of trypanosome, there arises a succession of 
parasite populations each recognized as antigenicaUy different by the immune 
response of the host (Cross, 1978). In infected animals this often gives rise to 
a cyclical pattern of parasitemia consisting of a series of parasitemic peaks. 
Thus, when one examines trypanosome popUlations taken from different 
peaks during the course of infection the surface (or variable) antigens are 
quite distinct so that neutralizing antibody against one population fails to 
neutralize another population. Furthermore, each peak of parasitemia in itself 
also consists of trypanosomes of several variable antigen types (V A Ts) each 
comprising a variable proportion of the population. Early workers suggested 
that this situation might arise due to a process of selection within the initial 
trypanosome population so that as each dominant popUlation of trypanosomes 
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was removed by antibody, another population of different V A Ts multiplied to 
replace it. However, this was discounted by the finding that antigenic varia
tion occurred in populations of trypanosomes derived from a single organism 
(clones). 

The maximum number of different variable antigens which a clone of 
trypanosomes may express, i.e., the VAT repertoire, is not known. However, 
Capbern et al. (1977) working with T. equiperdum, an organism closely related 
to T. brucei, have identified 101 different V A Ts in one repertoire. There 
appears to be a degree of consistency in the order of appearance of different 
V ATs during infection so that certain VATs tend to be found during the 
early stages of infection while others tend to be present later. Results of 
recent studies indicate that, following cyclical transmission of a clone of 
trypanosomes, the population of metacyclics extruded by the tsetse fly con
tains a mixture of VATs (Barry et al., 1979), and that, while these are always 
similar each time this clone is transmitted through flies, they differ from 
those of other unrelated clones. 

In recent years, considerable progress has been made in the biochemical 
characterization of the variable antigen. Although initial studies, based on 
serological cross-reactivity and amino acid sequencing of the N-terminal end 
of the molecule, failed to demonstrate any homology between different var
iant antigens, more recent investigations have demonstrated the existence of 
cross-reactive determinants in variant surface antigen both within and 
between trypanosome species and the possibility of common structural 
regions has been suggested (Barbet and McGuire, 1978). However, it may be 
that these '" common regions" are not exposed on the surface of the living 
organism. It is still uncertain whether the trypanosome possesses the genetic 
information necessary to code for the complete V AT repertoire or whether 
mutation or reassortment of genetic material occurs each time the antigen 
changes. However, in view of the marked heterogeneity between different 
variant antigens and the finding of some consistency in the order of appear
ance of different VATs, the former possibility appears more likely. The 
question still remains as to what triggers the change in surface antigen. While 
the disappearance of a particular V A T is associated with the appearance of 
specific antibody in the serum, it is still uncertain if this acts as the primary 
stimulus for the surviving trypanosomes to change their variable antigen. 

Distribution and epidemiology 

The incidence of trypanosomiasis in cattle is directly related to the distribu
tion of the tsetse fly. This in turn is governed by variable habitat which is 
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related to climatic conditions, in particular temperature and humidity. Conse
quently, an area of approximately 10 million square kilometers of the African 
continent, involving 37 countries, is infested by tsetse flies which harbour 
trypanosomes pathogenic for cattle. A number of factors contribute to the 
ubiquitous nature of these trypanosomes. Firstly, there is a nUl1lber of tsetse 
fly species capable of transmitting the infections. Secondly, all three trypanos
omes which are pathogenic for cattle exhibit a wide host range. Thus, they 
are infective for the majority of domestic animal species as well as wild game 
species. In particular, high infection rates have been found in waterbuck, 
kudu, reedbuck, giraffe, bushbuck and eland and since these animals are 
capable of surviving in areas heavily infested with tsetse flies, they represent 
a constant reservoir of infection. Thirdly, the phenomenon of antigenic varia
tion and the resultant persistent infections in the bloodstream of infected 
hosts provide ample opportunity for transmission by tsetse flies. 

The impact of bovine trypanosomiasis may be considered as two-fold. 
Firstly, in a large proportion of the tsetse fly-infested areas, the level of 
challenge is so high as to totally preclude the maintenance of cattle. Because 
of the climatic conditions within these areas, they contain abundant pasture 
which would otherwise be suitable for grazing of cattle. An additional factor 
to be considered is that, because of the unsuitability of tsetse fly-infested 
areas for cattle production, there is a much higher stocking density in the 
semi-arid zones than would otherwise be the case. In these areas, cattle are 
less productive because of poorer grazing and they may also be a contributory 
factor to the complex problem of desertification. The second aspect of the 
problem is the impact which the disease has on the cattle which inhabit the 
marginal areas of the tsetse fly belt. In these areas, depending on seasonal 
climatic changes, there may either be a low grade continual challenge or a 
seasonal challenge. In addition, the herds of nomadic pastoralists may expe
rience a seasonal challenge as they migrate towards the tsetse belt during the 
dry season. Persistence of infection in these animals may result in the detec
tion of infection in them after they have left the area of tsetse challenge. 

The severity of the clinical disease in infected cattle shows considerable 
variation. Sometimes acute disease with high mortality occurs; more often a 
chronic debilitating syndrome is the result leading to poor productivity, 
decreased fertility and sometimes abortion. The extent and severity of the 
problem in these areas is dependent upon a number of variable factors 
involving the tsetse fly, the trypanosome and the mammalian host. 

Factors Involving the Tsetse Fly 

Not only the density of tsetse infestation but also the species of fly, the 
infection rates, the efficacy of transmission and the feeding preference can 
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influence the degree of risk to which cattle are exposed. Thus, very small 
numbers of the savanna species, Glossina morsitans, which readily feeds on 
cattle and efficiently transmits the infection, can result in a major disease 
problem. It should be emphasized that clinical trypanosomiasis of cattle can 
be prevalent in areas where it is exceedingly difficult to find tsetse flies. 

Important factors which can alter the distribution of the tsetse fly are 
change in habitat and food supply. In parts of West Africa on the margin of 
the tsetse belt, there is considerable fluctuation in the extent of infestation by 
the tsetse between the wet and dry season. This seasonal change is a major 
factor in governing the migration of the nomadic pastoralist herds. During the 
wet season, these herds remain in areas outside the tsetse belt. However, as 
the dry season advances and forage becomes increasingly scarce, the herds are 
forced to move into tsetse fly infested zones. Fortunately, because of the 
regression of the tsetse fly at this time, the challenge risk is correspondingly 
reduced. However, small pockets of tsetse flies, particularly riverine but 
occasionally savanna species, remain and, when encountered, result in infec
tion of the cattle. 

Intensive cultivation accompanied by bush clearance and exclusion of wild 
game animals, by changing the habitat, can be an effective means of lowering 
the tsetse population in infested areas. On the other hand, plantation of trees 
or bushes may provide cover which allows invasion by the tsetse fly; invasion 
may be encouraged further by the introduction of domestic pigs and cattle. In 
areas where intensive cultivation is discontinued, there is often a rapid re
invasion by tsetse flies. 

Factors Involving the T,ypanosome 

The severity of disease resulting from challenge with infected tsetse flies 
depends on the species and strain of trypanosome. There are large numbers of 
different strains of trypanosome which show widely varying virulence for 
cattle. Some isolates of T. vivax can be extremely virulent while others 
produce chronic low grade infections. T'YIJanosoma congolense also varies in 
virulence although it is never as pathogenic as the most highly virulent T. 
vivax. In cattle, T. brucei usually produces chronic low grade infections. 

Factors Involving the Host 

There are differences in susceptibility to trypanosomiasis between breeds of 
cattle and probably between lines within the same breed. This is best exem
plified by the small West African breeds of cattle such as the N'Dama and 
West African Shorthorn. These animals are less susceptible to the disease 
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than Zebu or European breeds and are commonly found in endemic areas of 
trypanosomiasis. They are referred to as trypanotolerant breeds, this term 
being used to define animals which are able to survive in tsetse infested areas 
without the aid of chemotherapy. 

Recent experimental and field studies carried out in The Gambia, West 
Africa on N'Dama and Zebu cattle, not previously exposed to trypanosomes, 
have confirmed that the greater resistance of the N'Dama is an innate 
characteristic and is related to their superior capacity to control levels of 
parasitemia and thus develop less severe anemia. However, it must be 
stressed that N'Dama may become clinically ill with trypanosomiasis, may 
show stunting or weight loss and may even die (Murray ef al., 1979). 

In addition to the genetic make-up of the host, certain environmental 
factors may also affect its susceptibility. The nutritional status of the host 
undoubtedly influences the severity of the disease. Thus, in areas of poor 
pasture or during times of drought the poor condition of the cattle renders 
them more susceptible to the effects of the disease. This is particularly the 
case when severely anemic animals are required to cover large distances in 
order to obtain sufficient fodder. In addition, other stress factors such as work 
load of draft animals and parturition increase the severity of the disease. 

Clinical signs and diagnosis 

The clinical disease produced in cattle by infection with trypanosomes varies 
considerably in severity and duration. The disease syndrome is often consid
ered to be either acute or chronic although the line of demarcation between 
these is poorly defined (Fig. 3). Thus, following infection with some isolates 
of T. vivax, death may occur within 2 weeks. On the other hand, relatively 
virulent isolates of T. congo/ense may result in death of the host 6-10 weeks 
after inoculation. In the context of trypanosomiasis, both of these syndromes 
would be regarded as relatively acute; the chronic disease might, therefore, be 
arbitrarily defined as occurring in animals infected for longer than 3 months. 
However, in the field, these definitions are often difficult to apply as, after 
initial infection of the animal, further infection with antigenically different 
trypanosomes may occur throughout the duration of tsetse challenge. This 
undoubtedly results in more severe disease than following a single experimen
tal challenge. However, a study of the latter is instructive in appreciating the 
clinical course and pathogenesis of the disease. 

The extremely acute disease, produced usually by T. vivax, resembles a 
septicemic condition. The animals are febrile, show sustained high levels of 
parasitemia and often exhibit massive hemorrhage. 
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FI~r;. 3. Some of the different disease patterns in individual cattle infected with TtYPGnosomG 
congolense. Top: An acute syndrome. Middle: A more chronic infection. Bottom: The outcome 
of infection in two cattle in which trypanosomes could no longer be detected in the blood. In one 
animal the anemia resolved, while in the other it persisted. 

More commonly, the disease, with all three species of trypanosome, is 
characterized by lower levels of parasitemia which may persist for many 
months. This is associated with the development of anemia which is the 
major contributory factor to the disease. The disease may take one of several 
courses which, as discussed in the previous section, depend on factors such as 
level of challenge, strain of trypanosome, the breed of cattle, level of nutri
tion, etc. 

In cattle subjected to a single needle or fly challenge, the packed red cell 
volume (peV) progressively decreases by about 40-50% over the first 4-6 
weeks. In some instances the pev continues to fall and the animals die (Fig. 
3); while this drop in pev is usually slow and progressive, on occasions a 
hemolytic crisis may develop and there is a very rapid and dramatic fall in 
pev. In other instances, the pev stabilizes and is maintained at a low level 
for a variable period of time (Fig. 3). Some of these animals may eventually 
die. In others, after a variable length of time, parasitemia gradually disap
pears, the pev rises and the animals recover (Fig. 3). However, with 
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Fig. 4. Enlarged prescapular lymph node in acute bovine trypanosomiasis. 

Fig. 5. Marked wasting in a Zebu infected with Trypanosoma congo/ense. 

increased duration of infection even when parasites disappear, the increase in 
pev is often very slow or insignificant; such animals sometimes respond 
poorly when treated with trypanocidal drugs. 

The major feature of the disease in cattle is anemia which is seen as pallor 
of the mucous membranes. In the early stages of the infection when para-
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Fig. 6. Congestive heart t~lilurc in a trypanosome-infected bovine. There is mal"ked submandibu
lar edema and a prominent jugular vein. 

sitemia is readily detected there is intermittent pyrexia. At this time the 
superficial lymph nodes are palpably enlarged (Fig. 4) although in the chronic 
phase of the infection they may be normal or reduced in size. While infected 
animals may occasionally show loss of appetite associated with pyrexia, they 
usually continue to eat throughout the course of the disease. As anemia 
becomes more severe, there is a gradual loss of bodily condition (Fig. 5). If 
these animals are required to forage over large distances they become progres
sively less able to obtain sufficient food. This in turn leads to further loss of 
condition. In infected herds, the most severely affected individuals are usually 
observed trailing at the rear of the herd. They are wasted and lethargic, their 
coat is dull and they show a "hunched-up" appearance. In the terminal 
stages of the disease affected animals become extremely weak and are often 
unable to rise. Cattle die in congestive heart failure which would appear to 
result from a combination of anemia, myocardial damage and increased vas
cular permeability. During most of the disease the animals are tachycardic. In 
the later stages they may show pulsating jugulars (Fig. 6) and as the heart 
becomes decompensated the pulse becomes progressively weaker. Terminally 
they may be bradycardic and sometimes they exhibit subcutaneous edema. 

Many of the animals which survive remain unproductive for a long period 
of time and the growth of young animals is often stunted. Adult animals 
show decreased fertility. In addition, pregnant cows sometimes abort and, 
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even when calves are born at full term, they are often small and weak so that 
neonatal mortality is high. 

Definitive diagnosis of the disease is ultimately dependent on detection of 
the trypanosome in blood samples from infected animals. Generally speaking, 
trypanosomiasis occurs as a herd problem and it is helpful to sample a group 
of animals from the herd where the disease is suspected. Needless to say, 
other possible causes of anemia such as piroplasmosis or helminthiasis should 
be considered. During the acute phase of the disease, trypanosomes can 
sometimes be detected in stained thin blood smears or in wet blood films. 
However, usually more sensitive methods need to be used to detect a reason
able proportion of the infected animals. There are 3 methods which are 
commonly used. Two of these utilize the fact that when infected blood is 
centrifuged in a microhematocrit tube the trypanosomes sediment at the 
interface of the buffy coat and the plasma. The capillary tube can then either 
be examined directly under the microscope (hematocrit tube concentration 
technique-HCT) or broken just below the buffy coat and the contents of the 
upper part expressed on to a slide and examined under darkground or phase
contrast microscopy COG technique). The third method involves making a 
thick blood smear in which the erythrocytes are lysed on the slide before the 
smear is stained. A comparative study of these three methods has indicated 
that, for the detection of T. congolense and T. vivax, the DO method is the 
most sensitive, detecting levels down to 5 X 10 2 organisms per ml. On the 
other hand, for T. brucei, the HCT method was consistently found to be the 
most sensitive, with the lower level of detection again being 5 X 10 2/ml. Both 
of these methods have the added advantage over the thick smear that the 
PCV can be measured during the procedure, thus providing a monitor of the 
disease status of the animal. However, a disadvantage of these methods is that 
the samples must be examined, at least, within 4-6 hours of collection. The 
DG method has an advantage over the HCT method in that the species of 
trypanosome may more readily be identified, based on the size and pattern of 
motility of the organisms (Table 1). 

Sub inoculation of laboratory rodents with bovine blood may also be used 
for the detection of low levels of parasitemia. While this is by far the most 
sensitive method for detection of infections with T. brucei, some isolates of 
T. congolense and most T. vivax do not grow in laboratory rodents. Further
more, the method is expensive and does not give an immediate result. 

In addition to examining the blood, infections with T. brucei and T. vivax 
may also be detected by examination of aspirates from lymph node punctures. 
However, the sensitivity of this method relative to examination of blood 
samples has not been investigated critically. 

The detection, by serological tests, of antibody directed against the trypa-
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no some has been described for the diagnosis of trypanosomiasis; the most 
commonly used method is the indirect immunofluorescence test. In compar
ison with methods for detection of the parasites, the immunofluorescence test 
is expensive and requires a higher degree of technical expertise. Furthermore, 
it gives some false positives and it fails to distinguish between animals 
currently infected and those which have recovered. 

Pathogenesis and pathology 

The three species of trypanosome which are pathogenic in cattle show differ
ences in their distribution within the host. Trypanosoma brucei is found both 
intra- and extra-vascularly. By contrast, T. congolense, apart from the initial 
site of inoculation, is thought to be restricted to the bloodstream. However, 
within the circulation many of the T. congolense organisms are bound by their 
anterior end to vascular endothelium. Thus, because the internal surface area 
of blood vessels increases in relation to volume as the vessels become smaller, 
the capillary beds contain larger numbers of organisms per volume of blood 
than do larger blood vessels. Until recently, T. vivax was also thought to be 
restricted to the bloodstream. However, there is now convincing evidence that 
this organism is also present in the extra-vascular spaces and it has been 
shown in goats that large numbers of organisms are present in efferent 
lymph. 

The picture usually presented at necropsy of an animal which has died of 
trypanosomiasis is that of a wet carcass in which the parenchymatous organs 
are pale; often excess serous fluid is found in the body cavities, particularly 
the pericardium, and sometimes there is gross edema of the subcutis and 
viscera. There is serous atrophy of body fat and wasting of skeletal muscles. 
The heart is often hypertrophied but in advanced cases the ventricles may be 
dilated due to decompensation giving the heart a globular appearance; the 
myocardium is pale and irregular streaks of hemorrhage are sometimes 
observed on the epicardium and occasionally extending into the depth of the 
myocardium. The liver is enlarged and chronic venous congestion may be 
visible grossly. In relatively acute cases, there is splenomegaly and enlarged 
lymph nodes, while in long-standing cases these organs may be normal or 
reduced in size. In most cases the hemal lymph nodes are markedly 
enlarged. 

In the case of the hyperacute syndrome sometimes produced by T. vivax, 
the animals are often in good bodily condition and the main findings are 
vascular engorgement and hemorrhage; widespread petechial and ecchymotic 
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hemorrhages are found on the serosal and mucosal surfaces and there may be 
frank hemorrhage into the intestinal tract. 

The pathogenesis of trypanosomiasis in cattle may be considered under four 
major headings: 
1. the early events following the tsetse fly bite, 
2. changes in the lymphoid system, 
3. anemia, and 
4. tissue lesions. 

With the exception of hyperacute infections with T. vivax, the pathogenesis 
of the disease would appear to be similar for all three species of trypanosome. 
Only the tissue lesions vary due to differences in the distribution of the 
organisms. 

1. The Early Events Following the Tsetse Fly Bite 

Within a few days of being bitten by an infected tsetse fly, cattle develop a 
raised cutaneous swelling several centimeters in diameter which persists for 
several days (Fig. 7). The term chancre is used to describe this lesion. The 
bite of an uninfected fly produces no such change. The appearance of the 
chancre precedes detectable parasitemia by a few days and is accompanied by 
the development of fever and marked enlargement of the draining lymph 
node(s). 

Fig. 7. Raised indurated swellings (chancres) on the Dank of a susceptible Friesian 12 days after 
being bitten by Glossina morsitans infected with Ttypanosoma congolense. 
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Fig. 8. The follicular cortex of the prescapular lymph node of a bovine 12 weeks after infection 
with T,ypanosoma congo/ense. Note the presence of an active germinal centre. H & E. X 63. 

Fig. 9. The medulla of the same lymph node illustrated in Fig. 8. The medullary cords are 
distended by numerous plasma cells. H & E. X 100. 
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Trypanosomes are found extravascularly within the chancre. Their presence 
is associated with an inflammatory response characterized by congestion, 
edema and extravasation of polymorphonuclear leukocytes. In addition, large 
numbers of lymphocytes and plasma cells are present. As the lesion declines 
increased numbers of mature plasma cells, macrophages, eosinophils and mast 
cells are found. 

It is thought that the chancre constitutes the initial site of multiplication of 
the trypanosomes which then pass either directly or via afferent and efferent 
lymphatics into the bloodstream. From the point of view of the host, the 
chancre probably represents the initial site of an immunological response to 
the trypanosome and may allow priming of the lymph nodes to the first 
variant antigens which are generated. 

2. Changes in the Lymphoid System 

Following enlargement of the lymph node(s) draining the chancre, generalized 
enlargement of lymph nodes and splenomegaly develop. This is associated 
with marked proliferation of lymphoid cells in these organs. Numerous large 
active germinal centers are present (Fig. 8) and there is a marked increase in 
the number of plasma cells in the medullary cords of the lymph nodes (Fig. 9) 
and in the splenic red pulp. Marked hypergammaglobulinemia accompanies 
these changes. In addition, in the red pulp of the spleen, there is an increase 
in numbers of active macrophages, some of which are engaged in erythropha
gocytosis. The hepatic Kupffer cells are also increased in number and activity. 
However, in longstanding infections, the lymphoid organs may be decreased 
in size associated with a depletion of lymphoid cells. 

3. Anemia 

Anemia plays a major role in the pathogenesis of bovine African trypanosom
iasis and is a reliable indicator of the progress of the disease. Based on the 
presence or possible absence of the parasite, response to trypanocidal drug 
treatment, and on clinical and pathological findings, the anemia can be 
divided into at least two phases. The first phase may last from 3 to 4 months 
after infection; the onset and severity of the anemia is directly related to the 
appearance of the parasite in the blood and to the level of parasitemia. During 
this period the anemia is hemolytic and is the result of increased red cell 
destruction by phagocytosis in the spleen, liver, lungs, hemal nodes, bone 
marrow and even in the circulation. Several mechanisms have been incrimi
nated in this process including hemolysins produced by the trypanosome, 
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immunological factors, fever, and an expanded and active mononuclear pha
gocytic system. While each of these may function independently, it is possible 
that they interact, e.g., hemolysins and fever may damage the erythrocyte 
membrane which then may bind antigen-antibody complexes or complement 
more readily, thereby facilitating erythrophagocytosis. During this phase, the 
bone marrow is responsive as judged by ferrokinetic studies; furthermore, 
although the anemia is usually normocytic normochromic, a macrocytic 
response can occur. However, even at this time, some workers feel that the 
erythropoietic response is not as active as might be expected for the degree of 
anemia (Dargie et al., 1979). While petechiation and ecchymosis are com
monly encountered, hemorrhage is not a major feature of bovine African 
trypanosomiasis, apart from the very striking acute hemorrhagic syndrome 
produced by T. vivax. Hemodilution has also been incriminated as a factor 
contributing to the anemia although recent evidence would suggest that this 
is not the case (Dargie et al., 1979); this finding has important clinical 
implications as it establishes that measurement of packed red cell volume 
(pey) provides a reliable index of the degree of anemia. 

It would appear that the mechanisms responsible for anemia during this 
phase of the disease depend on the presence of the parasite, as treatment with 
trypanocidal drugs usually results in recovery. 

Provided cattle survive the initial phase or do not become reinfected, they 
gradually pass into another stage of the disease syndrome which may be 
ongoing or may end in the ani mal's death or recovery (Fig. 3). It is not 
possible to give an accurate estimation of when the onset of this next phase 
of the disease occurs but it may be any time between 4 and 6 months after 
infection. During this time, following progressively decreasing waves of para
sitemia, parasites become difficult to detect or disappear completely. Despite 
the apparent absence of trypanosomes, in many cattle the anemia persists and 
affected animals usually respond very poorly to chemotherapy. Although the 
erythrokinetics and ferrokinetics of this chronic aspect of the trypanosomiasis 
syndrome remain to be investigated, post-mortem findings give some indica
tion of what is going on, namely, continued red cell destruction, iron trapping 
and dyshemopoiesis. Thus, while splenomegaly is no longer a feature, ery
throphagocytosis is still found throughout the body; hemosiderosis is wides
pread in the spleen, lungs, liver and bone marrow, and the femoral marrow is 
often yellow, gelatinous and inactive. Ferrokinetic studies on cattle in the 
earlier phase of the disease suggested a possible defect in iron metabolism 
(Dargie et al., 1979) with iron retention in the mononuclear phagocytic 
system; such a situation could lead, in the later stages of the disease, to 
effective iron starvation of the bone marrow and the development of dyshe
mopoiesis. This chronic anemic trypanosomiasis syndrome is common in the 
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field although, because of the absence of detectable trypanosomes, it may be 
difficult to diagnose. 

4. Tissue Lesions 

As might be expected from the blood-borne nature of trypanosome infections, 
most tissues and organs are damaged during the course of infection although 
some are more consistently and severely affected than others. While necrosis 
is not a major feature of the disease in cattle, tissue cell damage and degen
eration may be marked. The nature of the cellular infiltrate and possibly the 
mechanisms involved in cell injury would appear to depend on the difference 
in tissue invasiveness between species of trypanosomes. 

One vital organ which is consistently damaged by all three species of 
trypanosome is the heart. The changes which occur in the heart also reflect to 
some extent what occurs in other tissues and organs. Initially, lesions pre
dominate beneath the epicardium and the endocardium in both the atria and 
ventricles; in advanced cases, the entire myocardium may be involved. The 

Fig. 10. The myocardium of a bovine in congestive heart failure following infection with 
T,ypanosoma congo/f'nsr. There is marked degeneration of the myocardial fibers which are 
separated and distorted by severe interstitial and perivascular edema. Note the scanty cellular 
infiltrate. P = Purkinje fibers. H & E. xl 00 
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lesions produced by T. brucei and T. vivax are similar; the cellular infiltrate is 
often marked and composed of lymphoid cells, plasma cells at various stages 
of maturity, including Russell-body containing cells, macrophages and occa
sional eosinophils. These infiltrates are found in perivascular and interstitial 
locations and surrounding Purkinje fibers. Extravascular as well as intravas
cular trypanosomes may be found. On the other hand, in T. congolense
infected cattle where parasites have only been seen in the circulation, the 
interstitial cellular infiltrate is usually scanty and consists of small lympho
cytes and the occasional macrophage and plasma cell (Fig. 10). Although cell 
death is rare, severe myocardial damage occurs in all three infections and is 
manifest by distortion and degeneration of myocardial fibers; in addition, the 
conducting Purkinje fiber system is often widely separated from the myocar
dium by cellular infiltrates and edema (Fig. 10). 

The vessels of the microvasculature in the heart, and also in other organs, 
are frequently dilated with cells while the vessel walls are occasionally swollen 
and degenerate but never necrotic and the perivascular space is often dis
tended with fluid; the latter change probably reflects increased vascular per
meability. While thrombosis is uncommon, it does occur particularly in T. 
vivax infections. 

Other vital organs which are commonly affected include the skeletal mus
culature, central nervous system, endocrine organs and the reproductive 
tract. 

Possible Mechanisms of Olgan and Tissue Damage 

While the lesions produced in bovine African trypanosomiasis are well char
acterized, relatively little is known about the mechanisms by which they 
arise. 

1. Blood and circulatOlY disturbances. It is likely that the anoxia caused by 
anemia contributes to the widespread cellular degeneration which occurs 
particularly in the heart, skeletal muscle, liver and kidneys. This situation 
must be aggravated by cellular infiltration and edema which lead to structural 
distortion and physiological disturbances. The increased vascular permeability 
may be due, in part, to the elevated kinin levels which occur in the blood of 
infected animals; these are thought to be the result of the interaction of 
antigen-antibody complexes with the Hageman factor (Goodwin 1970). In 
addition, it'has been shown that T. congolense elaborates an inflammatory 
permeability factor, can activate complement and has a selective affinity for 
endothelial cells of the microvasculature. 

Although disseminated intravascular coagulation has been implicated in the 
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pathogenesis of trypanosomiasis in both humans and laboratory animals, it is 
not known whether it plays a role in bovine trypanosomiasis. However, 
thrombocytopenia does occur in trypanosome-infected cattIe, the degree being 
related to the level of parasitemia, and is associated with the development of 
minor coagulation abnormalities (Well de et a/. , 1978). 

2. Biologically-active substances produced by flypanosomes. Until recently, 
the hypothesis that trypanosome" toxins" were involved in the pathogenesis 
of trypanosomiasis has been out of favor especially as the earlier reports were 
difficult to confirm. However, a range of biologically-active factors have now 
been demonstrated in vitro (Tizard et a/. , 1978). These include hemolysins, 
inflammatory and permeability factors, complement activating factors, platelet 
aggregating factor, immunosuppressive factors and polyclonal B lymphocyte 
mitogens. Their in vivo relevance awaits complete evaluation although there is 
evidence that hemolysins generated by dying trypanosomes may be operative 
in trypanosome-infected cattle; phospholipases and free fatty acids have been 
incriminated as the active substances. 

The finding that immunologically incompetent mice infected with T. brucei 
develop little in the way of tissue lesions despite the presence of large 
numbers of organisms in the tissues (Galvao-Castro et al., 1978) suggests that 
live trypanosomes by themselves do not produce severe tissue injury; how
ever, it is possible that toxic substances capable of causing cell death may be 
released following the death of organisms in the tissues. 

3. Immunological mechanisms. The massive and persistent immunological 
reaction induced by consecutive waves of trypanosomes has long been con
sidered as likely to contribute to the development of hypersensitivity reactions 
and cell damage. However, it is only recently that work on T. brucei-infected 
mice has provided direct evidence for this possibility. In intact adult mice, T. 
brucei produces severe myocardial and skeletal muscle damage in the vicinity 
of extravascular trypanosomes and a cellular infiltrate of lymphocytes, plasma 
cells, macrophages and a few polymorphonuclear leukocytes; associated with 
these lesions are granular deposits of immunoglobulin and trypanosomal 
antigen. However, immunologically incompetent mice, including neonates, 
sub-lethally irradiated mice and congenitally athymic (nude) mice, show only 
minimal tissue damage despite the presence of large numbers of trypanos
omes; correspondingly, there is a marked decrease in immunoglobulin depo
sited in the tissues. When T. brucei-infected nude mice are given normal 
syngeneic spleen cells or an Ig-negative fraction of spleen cells, they develop 
lesions as severe as those in intact mice; at the same time, heavy deposition 
of immunoglobulin is detected (Galvao-Castro et aI., 1978). Thus, it would 
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appear that the immune response, at least in mice, is important in the 
development of tissue lesions and Oalvao-Castro et al. (1978) proposed that 
the immunological factors involved were most likely to be locally-produced 
antigen-antibody complexes. 

In conclusion, when considering tissue damage, the tissue invasiveness of 
the organism must influence the nature of the mechanism(s) involved. The 
invasiveness of T. brucei and to a lesser extent of T. vivax would make it 
likely that hypersensitivity reactions are operative, whereas, in T. congolense 
infections most of the tissue damage can probably be attributed to the anoxia, 
resulting from the anemia, and microcirculatory disturbances. 

Immune response 

Trypanosome-infected cattle develop hypergammaglobulinemia, involving 
particularly IgM, soon after infection. Although IgO] and Ig02 levels are not 
markedly altered, studies on the rates of catabolism of different immunoglo
bulin classes have shown a 9- and 13-fold increase for IgO] and Ig02 respec
tively, while there is a 5-fold increase for IgM, indicating a marked increase in 
production not only of IgM but also of IgO] and Ig02 (Nielsen et al., 
1978a). 

Antibody activity against the trypanosome is readily demonstrated in these 
immunoglobulin fractions and there is considerable evidence that antibody is 
the most important effector mechanism in immunity to trypanosomiasis. 
Thus, it has been shown in cattle infected with T. congolense that if trypa
nosomes and serum are collected at weekly intervals during infection, serum 
will react with and usually neutralize trypanosome populations collected one 
or more weeks previously (Wilson and Cunningham, 1972). Several studies in 
mice have confirmed that passive transfer of serum or immunoglobulin from 
immunized animals gives complete protection against homologous challenge. 
At the same time, it has been shown that protection can be achieved by the 
adoptive transfer of spleen cells from immunized mice and, furthermore, that 
while a B-cell enriched fraction gives protection, aT-ceil enriched fraction 
does not (Campbell and Phillips, 1976). In the same way, it is possible to 
immunize congenitally athymic (nude) mice against homologous challenge 
but not B-cell deficient mice. Several studies in laboratory animals have 
indicated that IgM is the important Ig class in controlling the parasitemia and 
in protection (Campbell et al., 1978) and there is also evidence that this might 
be the case in cattle (Luckins, 1976). Whether antibody alone is sufficient to 
kill the parasites in vivo or whether complement and/or macrophages are also 
required is not known. 

Hypocomplementemia is known to occur in trypanosome-infected cattle 
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where there is evidence of activation by the classical pathway as well as 
properdin activation (Nielsen et al., 1978b). However, no significant changes 
are found in the amount of C8, indicating that the terminal components are 
not utilized. This depletion may be the result of several mechanisms includ
ing production by the trypanosomes of complement activating substances and 
increased catabolism. Also in laboratory animals, complement binding antig
en-antibody complexes occur and in such cases elevated levels of immuno
conglutinin have been recorded, reflecting widespread utilization and fixation 
of complement (Murray, 1974). It is also likely that complement is consumed 
in the antibody-mediated lysis of trypanosomes, a reaction well documented 
in vitro which could be important in vivo. 

Evidence obtained in other species indicates that a proportion of the immu
noglobulin being produced is not directed against the trypanosome but con
tains heterophil antibodies, rheumatoid factor-like substance and a range of 
auto-antibodies; furthermore increased numbers of background plaque-form
ing cells to sheep red blood cells are found in the spleens of infected mice 
(Mansfield, 1978). These observations have led many workers to propose that 
trypanosome infections induce a polyclonal activation of B cells. A profound 
immunodepression, as assessed by a number of in vitro and in vivo assays, has 
been demonstrated in trypanosome-infected laboratory animals (Mansfield, 
1978). Whether these changes also occur in trypanosome-infected cattle has 
yet to be determined. Several recent studies have indicated that there is 
suppression of the antibody response of infected cattle to several viral and 
bacterial vaccines (Whitelaw et al., 1979). However, in none of these 
instances was the depression of the antibody response of sufficient magnitude 
to suggest that the vaccines would be ineffective and, in view of the catabolic 
rate of immunoglobulin in infected animals, there may have been no suppres
sion of the response at the cellular level. It has also been shown that infected 
cattle continue to generate antibody to new trypanosome populations several 
months after initiation of infection. Nevertheless, there is circumstantial evi
dence that trypanosome-infected cattle may be more susceptible to other 
pathogens, e.g., we have observed recrudescence of Salmonella infections in 
infected cattle. The whole question of immunodepression in cattle and its 
possible influence on the trypanosome infection itself and on intercurrent 
infections or vaccination awaits more detailed evaluation. 

Prevention and control 

The methods currently used to control African trypanosomiasis in cattle 
include anti-trypanosomal drugs, tsetse eradication or control and the use of 
trypanotolerant cattle. No field vaccine is available. 
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Chemotherapy 

Several drugs are used for the treatment of trypanosomiasis in cattle, the 
most commonly used ones being Diminazene aceturate (Berenil, Hoechst) and 
Homidium chloride (Novidium, May & Baker, Ethidium, Boots). Except in 
the case of longstanding infections, there is usually a good response to 
treatment: parasites are rapidly cleared from the blood and this is accompan
ied by a return to normal hematological values. However, in endemic areas, 
reinfection can occur from two weeks after treatment, depending on the 
degree Df challenge. Furthermore, experimental work in mice has cast doubt 
on the ability of the drugs concerned to sterilize the body of parasites 
(Jennings et al., 1977), results which are similar to observations in cattle 
(MacLennan et al., 1970; MacLennan, 1971). There comes a stage in the 
chronic case where the anemia persists despite trypanocidal treatment. Treat
ment is often used on a herd basis to eliminate infection from a transhumanal 
herd returning from a tsetse-infested area to its tsetse-free home base, or for 
infected cattle being moved into a tsetse-free area for ranching purposes. 

To obtain the best advantage from treatment of cattle in endemic areas, the 
animals require regular monitoring to enable the disease to be treated at an 
early stage. Too often animals receive one treatment without checking its 
effect on parasitemia or the anemia. 

Chemoprophylaxis 

In endemic tsetse areas where cattle populations are reasonably stable and can 
be identified by ear tagging, chemoprophylaxis is by far the best approach to 
the control of trypanosomiasis. Thus, at present, cattle exist profitably on 
ranches which otherwise could not maintain cattle. Isometamidium chloride 
(Samorin, May & Baker) is the drug of choice and in areas of constant heavy 
challenge, treatment may be required every 6 to 8 weeks. Less rigorous 
regimes can be worked out only after careful monitoring of each situation. 
The implementation of efficiently operated chemoprophylaxis should be con
sidered in areas where eradication of tsetse is not feasible. 

In both treatment and prophylaxis, drug resistance has been recorded and 
must continue to be an increasing threat in the future. It should be empha
sized, however, that if drugs are properly administered at the correct dosage 
levels, the risk of drug resistance is greatly reduced. 

Eradication of Tsetse 

In several countries in Africa, large scale eradication of tsetse has been carried 
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out in open savanna land containing a large network of small tributaries of 
rivers. \yith water levels greatly reduced during the dry season. In such areas 
suitable habitats for tsetse are diminished during the dry season. As a result, 
it is often necessary to spray only 10% of the land area. Studies on the 
resting sites of the fly have also shown that selective spraying with residual 
insecticides such as BHC and DDT on the main trunks and under surfaces of 
main branches of trees will eliminate Glossina morsitans after only one spray
ing. From the beginning, a large enough area must be selected for such an 
operation so that it can be expanded each year; careful monitoring for rein
vasion by the tsetse fly is essential. During the last 15 years the main 
successes with this technique have been achieved by large numbers of men 
using knapsack sprays. 

In more recent years, techniques of helicopter and fixed-wing aircraft 
spraying have been developed successfully for open savanna country. 
Although these techniques have been successful in riparian forests in the 
savannas they have not yet been developed for thick tropical forest. The 
advent of aerial spraying has led to the use of a new generation of insecticides 
such as endosulfan and the pyrethroids. This technique requires five conse
cutive sprays from aircraft within short intervals to eliminate successive 
generations of fly as they emerege from the pupae in the soil. 

Eradication programs require to be justified on a cost-effectiveness basis. 
Nations must be confident that the land from which the fly is eradicated will 
be adequately used for agriculture. The cost is high but there are many areas 
in which it can be justified. If eradication does not take place in certain 
productive areas of Africa, the future is indeed bleak for cattle production in 
particular, and socio-economic development as a whole. The emotive argu
ment used by some that tsetse eradication will increase desertification due to 
overstocking is misleading. Overstocking causes erosion of soil and the disap
pearance of perennial plants from any areas of the world far beyond the 
tropics. Control and proper use of pasture by cattle is a separate technology 
from tsetse eradication and there are able practitioners of pasture management 
available to use sensibly and profitably every hectare cleared of tsetse. 

Much has been written about the potential damage which insecticide spray
ing can cause to the environment. So far the only evidence that this is so has 
arisen from gross overdosage by certain spraying techniques which have killed 
fish in tropical forest riverine areas. As far as open savanna is concerned, 
there is no evidence of damage from highly selective spraying of residual 
insecticides or by the aerial spraying of insecticides such as endosulfan using 
techniques which emit droplets as small as 30 m. It should be pointed out 
that the amount of insecticide used to control or eradicate the tsetse is small 
in proportion to the quantity of insecticides and herbicides used in agriculture 

494 



generally. However, all major eradication programs in the future should 
incorporate a monitoring system where potential biohazards are evaluated. 

r,ypanoto!erance 

The lack of a vaccine and the expense and practical difficulties of implement
ing the present measures available for the control of African trypanosomiasis 
in livestock have generated considerable interest in recent years in the exploi
tation of trypanotolerant breeds of cattle, such as the N'Dama and West 
African Shorthorn, in tsetse-infested areas. These breeds of cattle would 
appear to have the capacity to survive in tsetse fly-infested areas where other 
breeds cannot. However, their importance depends on how productive they 
are under tsetse challenge. Although in the past observers have tended to 
regard trypanotolerant breeds, because of their small size, as being poorly 
productive, recent preliminary work carried out by the International Livestock 
Center for Africa has demonstrated that there are several million animals of 
these breeds in West and Central Africa and data are available to suggest that 
the productivity of such breeds relative to other indigenous types may be 
much higher than previously assumed. Also, the fact that trypanotolerant 
breeds are reported to be less susceptible to tick-borne diseases and to strep
tothricosis is an additional advantage. 

Currently, there is evidence that trypanotolerance has a genetic basis and 
may even be inherited as a dominant trait, although it is known that resis
tance can be reduced by such factors as the stress of parturition and suckling 
or by high levels of challenge; on the other hand, it can be supplemented by 
previous exposure. There is preliminary evidence that the trypanotolerance 
trait is associated with superior immune responsiveness although it is possible 
that other factors such as water conservation, ability to forage and skin 
physiology may be involved (Murray et al., 1979a, b, 1980). 

While more data are required on the genetics, mechanisms and productivity 
of trypanotolerant breeds, there is no doubt that the use of these breeds is 
one of the most promising approaches available to the problem of trypanos
omiasis control. 

Vaccination 

No field vaccine has yet been produced for African trypanosomiasIs, the 
major constraint being the ability of the parasite to undergo antigenic varia
tion. Thus, it has generally been considered that the possibility of producing a 
vaccine against trypanosomiasis is remote as it would appear that an effective 
vaccine would have to contain all variable antigens, a possibly insurmounta-
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ble task. However, recent advances in biochemistry, genetic engineering, 
trypanosome culture and the development of monoclonal antibodies have 
opened up several new and potentially hopeful avenues of research, particu
larly with a view to understanding the basis of antigenic variation and how it 
might be manipulated (Murray et al., 1979a, b, 1980). In addition, field 
studies in cattle have provided evidence that animals previously exposed to 
trypanosomiasis may be less susceptible to subsequent challenge. In other 
groups of cattle, particularly of trypanotolerant breeds, self-cure can some
times occur. Thus, a combination of fundamental research coupled with an 
understanding of the field situation in cattle may allow the development of an 
immunotherapeutic strategy for African trypanosomiasis. 

There is little doubt that the availability of an effective field vaccine would 
make an enormous contribution to the control of African trypanosomiasis and 
if integrated with properly managed tsetse control and drug strategies would 
go a long way to opening up to agriculture and socio-economic development 
the vast areas of Africa dominated by the tsetse fly. 
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37. MYCOTIC DISEASES 

I.A. Schmitt 

Abstract. It can be safely said that an otherwise healthy individual is more resistant to 
mycotic diseases tnan is a non-healthy individual. The widespread use of antibacterial 
antibiotics in animal rations and concomitant suppression of the immune response 
most probably render the animal more susceptible to invasion by fungi, as has been 
shown clearly in cases of human mycoses. Thus, any fungus causing disease in an 
animal or human being may be considered to be an opportunistic fungus. With this 
concept in mind, the following mycoses were selected and are described and dis
cussed: dermatomycosis, phycomycosis, cryptococcosis, rhinosporidiosis, candidiasis, 
aspergillosis and histoplasmosis. 

A general statement about mycoses needs to be made before proceeding to 
describe a few of the specific mycoses. In humans, and presumably in ani
mals, only about 60 species of fungi regularly cause disease. There is wide 
agreement that a healthy person is less susceptible to invasion by fungi than a 
debilitated person. The intact epidermis is a good barrier to fungal invasion of 
the skin but a damaged epidermis renders the patient susceptible. Generally 
speaking, the intragastric route does not lead to the establishment of the 
fungus in human tissue. Beyond doubt, the respiratory route is involved as 
the portal of entry in many cases; consequently, it is the route for all primary 
pulmonary mycoses, and may be involved for most of the deep or systemic 
mycoses. 

The widespread use of antibacterial antibiotics and of immunosuppressive 
drugs has led to an enhanced degree of susceptibility to mycoses in human 
beings. Presumably, the use of antibacterials in feed would have a similar 
effect in cattle. Such compromised individuals may be invaded by fungi 
routinely considered to be saprobic. Thus, opportunistic fungi not regularly 
associated with human or animal disease may be recovered as the sole 
etiologic agent in a compromised patient. 

The following sequence of presentation of the mycoses should not be 
construed as a suggestion of their relative importance or incidence in cattle. 
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Dermatomycosis 

Synonyms,' ringworm, dermatophytosis, trichophytosis 

Etiology 

The dermatomycoses in cattle are a cluster of cutaneous mycoses caused by 
one or more species of the genus Trichophyton (T. verrucosum most common
Iy, T. mentagrophytes occasionally, and T. rubrum and T. violaceum rarely), 
and occasionally by Microsporum sp. There is no one-to-one relationship 
between a given set of clinical signs and a causal agent. 

Distribution 

The four species mentioned above have no specific geographic limitations. It 
is generally accepted that most species of the genus Trichophyton have a 
world-wide existence in soil, the natural reservoir. With T. verrucosum, there 
is evidence of animal-to-man transfer (Kaplan et al., 1978). 

Epidemiology 

Primary infection in a herd is almost always a result of contamination by 
fungal propagules (spores or hyphal fragments) from soil. Another common 
source is by inclusion of already-infected animals into an otherwise clean 
herd. Animals crowded into a confined area (as in dry-lot feeding have a 
greater incidence of infection by T. verrucosum than those in range-fed 
herds. 

Clinical Signs 

The clinical manifestations of ringworm in domestic animals are extremely 
variable. Lesions of T. verrucosum infection in cattle are usually on the head 
or neck, but may be scattered on the body, legs or tail. In calves, the lesions 
may be extensive. The lesions usually develop into coin sized or larger distinct 
plaques with heavy greyish-white crusts. When the crusts are removed, 
moist, bleeding areas are seen. Old lesions lose the heavy crusts, leaving areas 
of scaliness and broken-off hair stumps. 

Pathology 

Dermatomycotic agents are invasive in subcutaneous tissues only in unusual 
circumstances; they are usually limited to the dead cells of the stratum 
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corneum, hair and nail. Normally a ringworm fungus grows inwardly at about 
the same rate that the desquamative process occurs outwardly. In skin, the 
fungus will appear as hyphal fragments, in or on hairs, hyphae and/or spores 
can be seen in a potassium hydroxide (KOH) preparation (see technique under 
Laboratory aids to diagnosis). 

Immune Response 

Little is known about the immunology of ringworm diseases in cattle. There 
is evidence in other animal species that the primary lesion is an allergic 
reaction, representing at least a second -encounter by the animal with that 
fungus allergen (see Schmitt and Miller, 1967). 

LaborafOlY Aids to Diagnosis 

Two types of diagnostic tests are available: the microscopic examination of 
hairs and scales from the infected area, and the cultural demonstration of one 
of the species of dermatomycotic agents. 

For the direct microscopic examination, epidermal scales and/or hair stubs 
removed from the lesion near the periphery, are placed in 2 to 3 drops of 
10% KOH; gentle heating-no boiling-will facilitate clearing of the cells for 
greater ease in recognizing the fungal elements in the host cells. Excessive 
amounts of scales or hair will obstruct visualization of the fungi. The slide 
should be scanned using low power (10 x); when a suspicious field is seen, 
change to 43 x (it is not usually necessary to use oil immersion) to see the 
hyphal fragments in epidermal cells and/or chains of spores in or on the 
hairs. 

A "positive KOH" will reveal mycelial fragments intra- and inter-cellulariy 
in the scales for the four species cited above. Additionally, T. verrucosum and 
T. mentagrophytes may reveal chains of arthospores (hyphal cells somewhat 
larger than regular hyphal cells and usually with thicker walls). For hairs, 
sheats of or isolated spores will be found on the hair surface (ectothrix 
invasion), or within the hair (endothrix). 

A positive KOH preparation is adequate for a presumptive diagnosis of 
ringworm, and to start chemotherapy. Complete, accurate diagnosis is possible 
only by obtaining a pure culture of one of the ringworm fungi. Specimens for 
culture must be taken from the actively advancing periphery of the lesion. 
Topically disinfect the area to be sampled with 70 % ethanol. Aseptically 
remove scales and hair for planting into agar media; flame-sterilize the 
surface of two microscope slides, place the flamed surfaces in contact in the 
laboratory; later, the slides are separated, one to catch the scrappings, the 
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edge of the other to scrape the specimens from the lesion. The slides are then 
secured face to face for return to the laboratory. 

The ringworm fungi are best isolated on one or more of the following 
media: Sabourand's dextrose agar (SDA); mycosel' agar (essentially SDA, 
plus chloramphenicol and cycloheximide, available in dehydrated form) or 
dermatophyte test medium (DTM, available in dehydrated form from Difco 
Co., Detroit, Michigan). Dermatophyte test medium is perhaps preferable, 
since it includes an indicator whose color change is evoked primarily only by 
ringworm fungi. There are, however, a few saprobic (contaminant) fungi and a 
few yeasts that also bring about the color change, so DTM is not per se an 
infallible identifying medium. 

Sabourand's dextrose agar with and without chloramphenicol and cyclohex
imide are adequate for primary isolations. Aseptically, scales are transferred 
from the collection slide to the agar surface. Cool the transfer needle on the 
agar in the blank slant, then retrieve the scales and hair stubs with the 
moistened needle for transfer to the spot where the needle was cooled. Use an 
L-shaped wire, not a loop. The clinical material should be pressed into the 
agar surface. Incubate at both room temperature (21-23 DC) and at 37 DC (in 
an incubator if necessary). Although ringworm fungi do not require the higher 
temperature for continued growth, primary isolation of T. verrucosum is more 
successful if incubated for the first 24-28 hours at the elevated tempera
ture. 

Details of the appearance of these fungi in skin and hair, and of the 
cultural characteristics of the species can be found in Georg (1959). 

Prevention and Control 

Prevention of an infestation of ringworm in a herd is ideal. Careful inspection 
of animals being added to the herd can avoid contamination from an external 
source. Active immunization has been tried as a preventative measure. Care 
should be exercised in handling cattle with a dermatophytosis since animal
to-man transfer is common also. 

Once an animal has ringworm, treatment must be dictated by the circum
stances of the individual case, within certain broad guidelines. Since the 
ringworm fungus is usually limited to the stratum corneum and grows 
inwardly at about the same rate as desquamation proceeds, the use of kera
tolytic agents, such as salicyclic acid, may suffice to achieve a cure. 

Ringworm lesions of the hairy skin usually are not amenable to treatment 
with topicals; griseofulvin is the drug of choice. Its action is primarily 
fungistatic, preventing the normal development of the hyphal. The best 
results are achieved through use of the microcrystalline form of the drug; 
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increased absorption and higher blood levels are achieved by administering 
the drug with a meal high in fat content. The variety of treatment schedules 
is virtually unlimited. One schedule uses the daily administration of 
10-20 mg/lb of animal microcrystalline griseofulvin with concomitant use of 
a topical agent such as Captan* (as 1: 200 solution applied every 4 days for 6 
treatments). It has been reported (Jungerman and Schwartzman, 1972) that 
Captan at the strength above has proved effective in the absence of the use of 
griseofulvin. Natamycin-S has been used with varying degrees of success. 
Treatment with local herbs seems to have been effective in Africa; the fruits 
of Solanum acuieastrum (" goat apple", "bitten apple", "bokappel", "bitter
appel ", "gifappel", as "murulwa") are used as remedy for ringworm in 
cattle and horses and" many Solanum species are used as ringworm cures by 
country people" (Palmer and Pitman, 1972). 

Phycomycosis 

Synonym: Murcomycosis 

Etiology 

One or more species of the following phycomycetous genera have been 
reported from mycotic diseases in animals: Rhizopus, Mucor, Entomophthora, 
Mortierella and Absidia. The hyphae of these fungi lack regularly placed 
crosswalls except where a reproductive organ forms. In vitro, all phycomycetes 
reproduce asexually by forming large numbers of sporangiospores in special
ized cells, the sporangia. The features of the sporangial mechanism determine 
generic placement. 

Distribution 

Phycomycetes occur widely in soil and water, and are commonly found as 
plant pathogens and food decomposers. 

Epidemiology 

Fungi involved in phycomycosis in man and animals are opportunistic and 
succeed in evoking a disease only in a host which is debilitated due to some 
other cause, ranging from diabetes and prolonged oral antibacterial or corti-

* Orthocide garden fungicide, 50% Captan, Chevron Chemical Company, Ortho Division, San 
Francisco, California. 
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costeroid drug use to the trauma of a puncture wound with a contaminated 
twig. 

Clinical Signs 

Complete clinical descriptions of animal phycomycosis have been recorded 
only for the horse. The presenting signs will vary with the site affected and 
with the circumstances that permit proliferation of the fungus. 

These circumstances in animals seem to parallel those in human. For 
example, one common presenting feature in man is as a rhino-orbital disease 
in uncontrolled diabetes, paralleled in the rhesus monkey (Martin et al., 
1969). 

Granulation tissue is usually seen on the surface, and may be hemorrhagic 
due to self-inflicted trauma. Knudtson et al. (1972) reported a case of bovine 
cerebral phycomycosis in a 6-week-old heifer. The animal had been emaciated 
since birth, and was anorectic, cachectic and ataxic upon admission, without 
other signs of disease. 

Pathology 

The lesion(s) will show varying degrees of tissue destruction due to the 
presence of draining sinus tracts. The fungus has a predilection for blood 
vessel walls, proliferating within the walls and extending into the lumen to 
partially or nearly completely block the flow of blood. 

In stained sections, granulation tissue surrounds sinus-containing necrotic 
tissue within which the fungi are found. In and near blood vessels, the fungi 
will appear as fragments of wide, non-septate hyphae. Sporulation does not 
occur in tissue. In the heifer referred to by Knudtson et al. (1972), gross 
lesions were not observed in the parenchymatous organs, the brain was 
discolored and on sectioning revealed several soft, cream to yellow areas and 
massive degeneration of the posterior half of the cerebum. Cultures on SDA 
at 37 DC yielded many colonies of Mucor pusillus. 

Immune Response 

Virtually nothing is known about the immunology of naturally occurring 
phycomycosis in animals. If the situation known in man and the rhesus 
monkey case reported by Martin et al. (1969) holds true for animals in 
general, an immune deficiency in the potential host animal may be prerequi
site to fungal invasion and the establishment of disease. 
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LaboratolY Aids to Diagnosis 

Because phycomycetes are common airborne contaminants, care must be 
exercised in reporting a phycomycete as the causal agent in a mycosis. 

For cultural isolation, the specimens should be plated out on SDA with 
anti-bacterials; do not include cycloheximide, as phycomycetes are sensitive 
to it in vitro. Plant the specimens near the center of the agar in the petri dish 
or test tube slant; this may help to decide whether the phycomycete recov
ered is the etiologic agent or an airborne contaminant. 

The recovery of a fungus composed of wide, non-septate hyphae on which 
ultimately sporangia with sporangiospores form, can be reported as a phyco
mycete. Identification to genus and species is difficult and the case(s) should 
be referred to a mycologist for proper identification and reporting. 

Prevention and Control 

Because the potential etiologic agents are air- and soil-borne fungi, prevention 
is ruled out. Careful evaluation of feed for the presence of potential causal 
agents may help. Because of the apparent role of debilitation in the disease, 
maintaining a herd of otherwise healthy animals may at least reduce the 
chances of an animal developing phycomycosis. 

In the early stages of the disease process, extensive surgical excision may 
suffice. In animals, as in man, drug therapy is tenuous; sometimes treatment 
of the underlying predisposing condition will aid in treating the mycosis. No 
specific anti-fungal drug can be recommended. 

Cryptococcosis 

Synonym: Cryptococcal mastitis. 

Etiology 

The causal agent is Ctyptococcus neoformans, an encapsulated, single-budding 
yeast which grows at room temperature and incubator temperature 
(35-37°C). Synonyms for C. neoformans are Saccharomyces neoformans, 
Ctyptococcus hominis and Torula histoytica. 

Distribution 

Cryptococcosis has a worldwide distribution. Environments carrying a high 
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load of pigeon droppings will yield C. neoformans usually, but many soils not 
evidently so contaminated will also culture out the causal agent (Emmons, 
1955). 

Epidemiology 

C!yptococcus neoformans has a wide ecological amplitude: fruit juice, milk, 
soil, surface of a peach, wasp nests, grass, bodies of insects, butter, tinned 
milk and the slime flux of the mesquite bush, as well as the surface skin of 
non-diseased human as part of the" normal skin flora" of that person, aOnd of 
course, cases of overt cryptococcosis in man and a number of animal spe
cies. 

Clinical Signs 

In man, cryptococcosis is considered to be primary pulmonary mycosis (Pap
pagianis, 1967) with secondary sites in a variety of organs and tissues, despite 
the predilection of C. neoformans for the central nervous system (CNS). 

There is a marked inconsistency in clinical signs in animal host species. 
Even in cryptococcal bovine mastitis, the clinical signs evoked by invasion of 
the mammary gland are extremely variable. In outbreaks, the fungus can be 
recovered from samples when no visible changes are noted in either the gland 
or milk. The cases with overt signs range from mild and transient swelling of 
one or more quarters of the udder to severe swelling and distension of the 
affected glands. The severe case evolves slowly, the glands at first mildly 
affected with swelling and firmness in their dorsal parts; this progresses in the 
next several days to extreme swelling and firmness. The subcutaneous tissues 
of the udder and the anteriorly adjacent area becomes edematous, persisting 
for several weeks. Palpation of the supramammary lymph nodes commonly 
reveals enlargement. 

Cows with mild disease frequently manifest only the swelling of affected 
glands, while those with severe infections seemingly suffer notable discomfort 
- they are reluctant to move and stand with hind legs wide-spread. Body 
temperature elevation rarely exceeds 2°C and the depression, anorexia, and 
dehydration characteristic of severe bacterial mastitis are lacking or are mild. 
Milk secretion is affected in severe cases, gradually diminishing to complete 
cessation, even in overtly unaffected quarters. Milk usually shows no change 
during the early course of infection; first milk changes may be no more than 
small white flakes in the strip cup. In persistent, severe cases, watery serum 
containing flakes may characterize the secretion or the milk will appear 
greyish, highly viscous and mucoid. 
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Pathology 

Gross lesions of cryptococcosis can not be accurately diagnosed using necrop
sy specimens. Naso- and oropharyngeal lesions may resemble myxomatous 
nodules. In the lungs and abdominal viscera, granulomatous nodules predom
inate. With progressive pulmonary involvement, miliary granulomas, small 
abscesses or large solid or mucoid areas of pneumonitis may involve one or 
more lobes. Central nervous system involvement will vary from no apparent 
involvement, through edematous, slimy-feeling meningeal surface, to marked 
reddening, thickening and obscuring of the underlying brain tissue. Central 
nervous system lesions (common in man and a number of animal host 
species) were not found in an outbreak of C. neoformans mastitis described by 
Innes et al. (1952); in most cases the infection was confined to the udder, in a 
few animals iliac or deep inguinal nodes and supramammary glands are 
affected, with only one cow showing cryptococcal lesions in the lung, suggest
ing hemotogenous dissemination. Those authors noted differences in the 
histopathology of different quarters, and in different parts of the same quart
er, apparently related to severity and chronicity of the disease. These ranged 
from large, irregular cysts packed with the yeast cells to fibrous tissue proli
feration in intra- and interlobular situations; some foci were granulomas. 

In tissue, C. neoformous is an ovoid to spherical, thick-walled single
budding yeast with a narrow neck between the bud and parent cell; the 
mature cell is 5 -1 0 ~lm in diameter, exclusive of the variably thick capsule. 
The cells are difficult to detect in a hematoxylin-eosin stained section; 
Mayer's mucicarmine stain selectively stains the capsule pink to red, while in 
the periodic acid Schiff (PAS) stain cell wall and capsule stain rose to deep 
red. 

Immune Response 

Immunologic evaluation of cases of crystococcosis is not well substantiated. 
Cross-reactions are common and in the absence of a readily-available, specific 
antigen, the true prevalence of the disease is unknown. There is a growing 
sense that it occurs commonly as a benign, self-limited, perhaps even asymp
tomatic infection. Verification must await development of the sensitive spe
cific antigen on a commercial basis. 

Laboratoty Aids to Identification 

The ultimate procedure for identification of C. neoformans is the positive 
culture. Clinical specimens should be cultured at both room temperature and 
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37°C on SDA and BHIA brain, heart infusion agar with an antibacterial if 
necessary. The vast majority of isolates growing out at both 20-21°C and 
37°C will be C. neoformans. Because the fungus is suceptible in vitro to 
cycloheximide, the antifungal should not be incorporated into isolation 
medium. 

Direct microscopic examination offluids. Pipette some of the stirred fluid into 
a drop of half-strength India ink, stir, add a cover glass and observe micro
scopically. The carbon particles are restricted by the capsule and the negative 
staining procedure causes seeming halos around the yeast cells. 

Selective media have been developed. Shields and Ajello (1966) developed a 
selective isolation medium with creatinine as the nitrogen source, diphenyl as 
a mold inhibitor, chloramphenicol as the antibacterial and nigerseed extract as 
the color marker. 

To verify the genus Cryptococsis from species of Candida and other yeasts, 
the urease test (slants of Christensen's area agar, incubated at 25°C) is useful. 
In 18-48 hours, a red-purple to pink color in the agar is a positive test for an 
isolate of cryptococcus. 

Identification of C. neoformans requires recovery of a yellowish mucoid 
colony of encapsulated, ovate to spherical, single-budding yeast cells. These 
should be transferred to (1) Christensen's urea agar, incubated at 25°C, for 
the urease test and (2) fresh slants of agar incubated at both 20-25°C and 
37°C, since C. neoformans will grow at both temperatures. If necessary, other 
biochemical tests can be used to confirm C. neoformans. 

Prevention and Control 

Proper sanitation is perhaps the only hope for prevention, and that is not 
likely. From so~l, its natural reservoir, cells of C. neoformans become airborne 
and can be carried moderately great distances without losing viability. 

In human cases of cryptococcal infection, some success has been realized 
by using 5-fluorocytosine. Again from human cases, newer antifungal drugs 
have been successful in small numbers of cases. It does not necessarily follow 
that drugs and dosages used in the successful treatment of human systemic 
mycoses will be equally efficacious in animal mycoses. 

Rhinosporidiosis 

Etiology 

The causal agent is Rhinosporidium seeberi. 
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Distribution 

The disease is distributed worldwide, with endemic areas in Argentina, Cey
lon and India; sporadic cases have been reported from Australia, Brazil, South 
Africa and the United States. It has been reported in cattle, horses, mules, 
dogs, goats, geese and ducks, as well as man. The first case in cattle was 
reported in 1923. 

Epidemiology 

Information on the epidemiology of rhinosporidiosis is circumstantial, wheth
er in humans or animals. There is no evidence of transfer of the organism 
from one host to another; each case arises de novo. Many cases of rhinospo
ridiosis have a relationship to stagnant or semi -stagnant water, yet several 
kinds of aquatic animals have been evaluated negatively as potential hosts. 

Trauma may play a role as a predisposing factor to rhinosporidiosis as 
suggested by Rao (1938), noting a higher incidence of the disease in male 
draft oxen whose nasal septum has been punctured for a nose ring or string 
than in animals not so treated. There is a possibility of an association between 
rhinosporidiosis and schistosomiasis. 

Clinical Signs 

The typical clinical sign is a predunculated or sessile polyp, pinkish in color 
and typically up to 3 cm in diameter. The soft, friable growth bleeds easily 
and due to its lobulated surface, appears cauliflower-like. The nasal mucosa is 
the most common site; the conjunctival sac, vagina and the integumentary 
system of the ear and other sites. Typically only one nasal cavity is involved, 
but severe dyspnea may occur, together with a blood-stained mucopurulent 
nasal discharge. 

The surface of the polyp usually presents many small white specks, the 
superficial manifestation of the numerous sporangia (spore containing sacs) 
seen in stained sections of the polyp. 

Differential diagnosis can be accomplished in the following manner: Ster
torous breathing or a unilateral mucopurulent nasal discharge should lead to 
an examination of the nasal cavity. The presence of single or multiple polyps, 
as described above, should suggest rhinosporidiosis, which can be confirmed 
by microscopic examination of the exudate or biopsy sections for the presence 
of spores and sporangia of R. seeberi. Nasal granulomatous lesions caused by 
other fungi or schistosomes must be differentiated from R. seeberi. 
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Pathology 

Histopathologically, the polyp reveals a papillomatous epithelium, which may 
be hyperplastic and contain numerous sporangia. The bulk of the polyp is a 
stroma of fibrous tissue with numerous large sporangia and with an increased 
vascularity. 

Immune Response 

The principal inflammatory cells are lymphocytes and epithelioid cells, but 
when the sporangial wall bursts, a noticeable increase in neutrophils, eosino
phils, red blood cells, giant cells, histiocytes and mast cells is evident. Usually 
these reactions can be detected in a section stained by the hematoxylin and 
eosin procedure, although special fungal stains (mentioned earlier) render the 
maturing sporangia and spores of the causal agent more evident. 

Although both man and domestic animals might become infected by R. 
seeberi, virtually nothing is known concerning the immunologic aspects of the 
disease. 

LaboratOfY Aids to Diagnosis 

The report of the cultivation of R. seeberi by Datla (1965) has not been 
confirmed although Grover (1970) reported maturation of spores and sporan
gia in biopsy material placed in a synthetic liquid medium. 

The only method of confirming a diagnosis of rhinosporidiosis is by 
demonstration of the sporangia and spores in the nasal exudate or in tissue 
sections. Spores are about 7 pm in diameter, while the sporangia are between 
300 and 400 pm in diameter; gentle pressure on biopsy material with a 
forceps will express the organism into a drop of water for microscopic visual
ization. 

Treatment 

Rhinosporidiosis is best treated by surgical incision of the polyps, although 
they may recur. No drug has been found to have any efficacy. 

Candidiasis 

Synonym.' Moniliasis. 
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Etiology 

The main causal agent is Candida albicans, but C. tropicalis, C. krusei, C. 
parapsilosis, and C. guillermondii may also cause the condition. 

Distribution 

The yeasts are endogenous and are part of the normal flora of the skin and 
intestine in normal healthy humans and animals. Hence, they are worldwide 
in occurrence. 

Epidemiology 

Candida spp. may be found at high levels in animal feces. Thus, contamina
tion of meat by feces at slaughter may bring about animal-to-man transfer, or 
contamination of feed by feces may account for spread of candidiasis in 
closely housed animals. 

Clinical Signs 

Presenting symptoms vary with the type of candidiasis. Mammary infections 
are often mild, transient and frequently self-limiting. When severe mastitis is 
encountered it usually follows antibiotic infusions; in one outbreak caused by 
C. tropicalis, all treated animals developed acute mastitis to one degree or 
another. The udders swelled with a spongy consistency and body tempera
tures ranged from 104 to 107 OF; some individuals were anorectic and lame, 
and milk production was drastically reduced. 

Systemic candidiasis caused by C. albicans may occur in cattle, frequently 
following prolonged antibacterial antibiotic therapy. Clinical signs in calves 
include watery diarrhea and melena with subsequent anorexia and dehydra
tion, and a gradual progression to prostration and death. 

Candidal abortion has been reported, with C. albicans and C. parapsilosis 
incriminated. 

Pathology 

The finding of cells of Candida species in a KOH preparation or its isolation 
from a single cultural attempt should not confirm a case of candidiasis. 
Because candidas are endogenous, it is necessary to show that the organism 
has invaded tissue. In tissue sections stained by the PAS or Oomori's 
methenamine silver (OMS) procedures, the fungus is manifest as pseudohy
phae, rarely as the unicellular yeast form. 
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Immune Response 

Because of the ubiquitous nature of Candida spp , most humans and presum
ably other animals have had a sensitizing encounter. Hence, the results of 
skin tests and the several serologic tests used with other mycoses are of little 
value as adjunct data for a diagnosis. 

Laboratory Aids to Identification 

Skin scrapings should be examined microscopically in a KOH preparation; 
round or oval budding cells, 3-6 11m in diameter and sometimes fragments 
of hyphae may be seen. Smears of exudates, etc., should be Gram-stained; 
look for cells, as in KOH preparations. 

Cultures must be attempted: use a medium containing an antibacterial 
antibiotic but use of a medium containing cycloheximide should be avoided 
since several species of Candida are sensitive to it. If media with an antibac
terial antibiotic are not available, transfer contaminated yeast colonies to four 
tubes of SDA to which have been added 1,2, 3, and 4 drops of 1 N HCL and 
incubate overnight at 37°C. Subculture from the tube that is free of bacteria 
(usually the ones with 2 or 3 drops of acid) to a blood agar plate at 3JOC; 
reculture colonies to SDA. 

Two tests are used to identify C. albicans: the serum filamentation test and 
chlamydospore formation. In the former, suspect Candida cells are inoculated 
into half-strength human or fetal bovine serum and incubated at 37°C. After 
2 hours, check microscopically for the production of "germ tubes" (filamen
tous outgrowths from the blastospores); only in C. albicans do a vast majority 
of cells produce germ tubes at 2 hours. Both C. stellatoidea and C. tropicalis 
may form germ tubes between 3 and 4 hours, but all other species require 7 
or more hours at 37°C to form these hyphal outgrowths. Results with this 
procedure exceed a 95% reliability for C. albicans. 

The other, older, and more commonly employed test is chlamydospore 
production on corn meal agar or chlamydospore agar (the latter available 
commercially in dehydrated form). The SIJSpect culture is cut-inoculated into 
the agar, part of the inoculated slit should be covered with a sterile cover
glass. Plates are incubated at room temperature for 18 hours (chlamydospore 
agar) or 48 hours (corn meal agar), then examined microscopically for the 
formation of the terminal and intercalary spherical, thick-walled chlamydos
pores. If they are produced in abundance, the isolate is C. albicans, but 
slightly less abundant chlamydospore production could indicate C. stellatoidea 
or C. tropicalis. This test will detect only 77-80 % of the isolates of C. 
albicans. Thus, from the time element and the greater reliability, the serum 
filamentation test is recommended for the detection of C. albicans. 
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A useful isolation medium is Pagano-Levin medium, an agar including 
neomycin to inhibit bacteria and tritetrazolium chloride as a color marker. On 
this, C. albican grows as a cream to light pink colored colony, while other 
candidas and other yeasts will vary from white to deep red. 

For complete identification, Candida isolates should be confirmed by fer
mentation and assimilation tests (see Jungerman and Schwartzman, 1972, 
Table 5 -1, p. 70). 

Prevention and Control 

Because Candida spp. are endogenous and usually commensal with the host, 
prevention of overt candidiasis devolves to the prevention of circumstances 
that predispose the host: diabetes, malnutrition, irritation of skin-skin inter
faces, prolonged antibacterial and corticosteroid drug therapy, and other 
immuno-suppressive drug therapy. 

Once overt candidiasis has become established, treatment is dictated by the 
site affected. Topical application of nystatin will suffice for cutaneous lesions 
or for decontamination to the gastrointestinal tract to prevent reinfection with 
candidal vaginitis from contaminated feces. Amphotericin B. has been used 
successfully in systemic candidiasis. A wide variety of other drugs have been 
used to control or cure candidiasis. 

Aspergillosis 

Etiology 

Aspergillus fumigatus, A .. flavus, A. niger, A. terreus, and other Aspergillus spp. 
The aspergilli are ubiquitous in nature and are among the most notorious 
laboratory contaminants. Aspergillus fumigatus has been incriminated most 
commonly, but A. flavus and A. niger are being recovered more frequently in 
recent years. 

The aspergilli form mold colonies in vitro. They are fast-growing organisms, 
sporulating in 2 - 3 days after transfer. The sporulating zone varies in color 
from pale golden-brown to greenish (dark brown in A. niger), but never 
blue-green as in the penicillia. Three features are characteristic of the micro
scopic appearance of an Aspergillus: the conidiophore (spore-bearing hyphal 
branch) has a terminal enlargement, the vesicle; the conidiophore is non
septate, and the conidiophore has a foot-cell (the conidiophore is an out
growth of a somatic hyphal cell). 
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Distribution 

The aspergilli have a worldwide distribution. 

Epidemiology 

Aspergilli are saprobic organisms, playing an important role in the decompo
sition of organic debris. They are a common component of the soil mycoflora, 
and are prolific spore-formers over a wide range of environmental condi
tions. 

There is presumptive evidence in man and experimental evidence in labo
ratory animals that antibiotics and corticosteroid drug therapies render an 
individual more susceptible to an Aspergillus sp. There is no known, direct 
animal-to-animal or animal-to-man transmission. 

Clinical Signs 

Bovine aspergillosis in several forms has been recorded infrequently, although 
one form seems to be increasing in incidence. Aspergillomas of the skin, 
yielding A. terreus, and the lung, yielding A. fumigatus, are known. Aspergil
lus-induced abortions appear to be increasing. Aspergillus pneumonia evokes no 
unusual signs. Aspergillus- (and other fungal-) induced abortions usually occur 
in the 3rd through 8th months, the fetus rarely being alive. The placental 
lesions show yellow to grey cotyledons which have markedly thickened peri
pheral areas. Typically, a necrotizing placentitis is seen; edema and hemor
rhage are common and extensive (Cordes and Shortridge, 1968). 

Pathology 

In systemic aspergillosis, any internal organ may be invaded. Multiple discrete 
pulmonary aspergillomas with necrotic centers are common. Microscopically 
in the necrotic areas, polymorphonuclear leukocytes may aggregate around 
clumps of hyphae. In tissue Aspergillus branches dichotomously, where 
branching occurs. 

Immune Response 

Although skin test antigens and several serologic tests are used in aspergillo
sis in humans, comparable tests have not evolved for the mycosis in animals 
(Walter and Jones, 1968). 
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LaboratOfY Aids to Diagnosis 

Because of the ubiquity of the aspergilli, they can be removed frequently from 
skin and the upper respiratory tract in the absence of disease. Hence, repeated 
recovery of an Aspergillus spp. in the absence of other pathogenic fungi is 
presumptive evidence of aspergillosis. When specimens from an area not 
exposed to the environment can be taken aseptically, recovery of an Aspergil
lus supports the diagnosis. Supporting evidence of the dichotomously branch
ing hyphae in tissue will sustain the diagnosis. 

Sabourand's dextrose agar supports the growth of all aspergilli: chloramphe
nicol, as a bacterial inhibitor, can be used but avoid cycloheximide to which 
aspergilli are sensitive in vitro. Microscopically, the features characterizing an 
aspergillus (above) can be seen. Speciation is difficult, so isolates should be 
submitted to a qualified mycologist for proper identification. 

Prevention and Control 

No effective treatment is available for aspergillosis. Prevention of conditions 
favoring proliferation of aspergilli in the environment may be attempted, but 
because of the long distances over which airborne spores can be disseminated, 
even decontamination of the immediate environment is only an ephemeral 
approach to control. 

Histoplasmosis 

Etiology 

Histoplasmosis has two causal agents, dependent upon the host species and 
the geographic location: Histoplasma capsula tum and H. duboisii. The two 
species are dimorphic (described later). 

Distribution 

Histoplasma capsulatum has a world-wide distribution, causing histoplasmosis 
in man and a variety of other animals. Histoplasma duboisii (or H. capsulatum 
var. duboisii) is limited to the African continent. Spontaneous histoplasmosis 
has been found in the dog, cow, cat, rat, mouse, skunk and Kodiak bear, as 
well as man. 
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Epidemiology 

Histoplasmosis in cattle is not common; since H. capsula tum is known to 
exist saprobically in soils (Emmons, 1949), it is presumed that animals other 
than man also become contaminated from that source, most probably by the 
respiratory route. In humans, the organism has a predilection for the reticu
loendothelial system. 

Clinical Signs 

Adler (1950) reported the first case of bovine histplasmosis in a range bull in 
Hawaii. A second case in cattle was reported in an aged cow in Missouri by 
Menges and Kintner (1951). The cow had been sick for several months prior 
to showing terminal signs of dyspnea, diarrhea, swelling of the brisket and 
grinding of teeth. At necropsy a concurrent traumatic reticulitis was found 
which may have predisposed the dissemination of the fungus. Menges et al. 
(1962) isolated H. capsula tum from bronchial lymph node tissue of a 5-
month-old calf which had died suddenly with lesions suggestive of blackleg or 
a similar clostridial infection. 

Pathology 

What little is known of the disease in cattle is mentioned under Clinical Signs 
above. Clearly, as more confirmed cases of bovine histoplasmosis are uncov
ered in standing animals, every attempt should be made to complete immu
nologic studies and, at autopsy or necropsy, tissue should be taken for a 
complete histopathologic work-up using special fungal strains (Oshima and 
Miura, 1972). 

Immune Response 

The histoplasmin skin test has been found to be helpful as an adjunct to 
diagnosis. Sharbaugh et al. (1973) reported that in experimental histoplasmo
sis in cattle high titers of latex-agglutinating and complement-fixing antibod
ies were observed within 3 weeks of inoculation, and after 5 weeks two 
characteristic precipitin bands (H and M) appeared. Skin tests become positive 
just prior to formation of precipitins. 

LaboratolY Aids to Diagnosis 

The only valid aid to a proven case of histoplasmosis is obtaining a positive 
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culture of Histoplasma capsula tum or H. duboisii from specimens. When a case 
of histoplasmosis is suspected, specimens should be cultured at room temper
ature (below 30°C) on SDA with or without supplements, and at incubator 
temperature (35-37°C) on BHIA. The decision to use the supplemented 
agars should be made on the probability of contamination of the specimen by 
bacteria and/or saprobic fungi. 

The room temperature culture should grow out in 10-14 days as a white to 
beige mycelial colony which microscopically shows septate hyphae with small, 
usually round microconidia 1-5 ~lm in diameter and larger (10 - 25 ~lm) 

iTIacrocondia that are spherical to pyriform and smooth-walled or tuberculate 
in white and beige strains, respectively. The 37°C incubated cultures should 
grow out a yeast colony in 7-10 days, the cells of which are round to ovate 
and 2-4 ~lm in diameter. Such yeast cultures, if returned to room tempera
ture, should revert to the mycelial phase of growth. 

In H. duboisii, the mycelial culture at room temperature is identical to that 
of H. capsulatum. However, the yeast phase cells are significantly larger, being 
7-15 ~lm in diameter and with cell walls 1-1.5 ~m thick, intermixed with but 
not predominating over the smaller size yeast cells of H. capsulatum. In tissue 
also, the yeast cells of H. duboisii show the described characteristics and thus 
resemble the tissue phase (yeast phase) of Blastomyces dermatitidis, so the 
conversion to the diagnostic mycelial phase is crucial. 

Prevention and Control 

Prevention seems out of the question, especially in cattle. There is no evi
dence of animal-to-animal direct transfer of the fungus. Seemingly, the 
infected animal contaminates the soil, where the fungus grows saprobically, 
producing conidia and hyphal fragments, which serve as the inoculum that 
contaminates the next animal. There is no evidence of animal-to-man direct 
transfer, but again, the indirect mode is possible. 

No proven effective chemotherapeutic agent is available for the treatment 
of histoplasmosis or any of the systemic mycoses. Amphotericin B., at an i.v. 
dose of 1.0 mg/kg body weight daily, has been widely used, but the pro
longed course frequently leads to undesirable side effects ranging from eme
sis, hematesis and anorexia to renal and pulmonary dysfunction. Studies with 
the newer antimycotic drugs, such as 5-f1uorocytosine and serramycin, need 
to be undertaken in animals. Several imidazoles are available, have shown 
promise in certain human mycoses, and should be evaluated for veterinary 
efficacy. 
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38. METAZOAL DISEASES 

James Armour 

Abstract. The etiology, distribution, epidemiology, clinical signs, pathology, diagnosis, 
treatment and control of four important helminth diseases of cattle, namely, hemon
chiasis, osteragiasis, dictyocauliasis and fascioliasis are reviewed. Particular emphasis is 
placed on the epidemiology, immunity and chemical methods available for preventing 
these diseases. 

The distribution, epidemiology, diagnosis and control of bovine cysticercosis and 
toxocariasis are also discussed. 

Parasitic gastro-enteritis 

Parasitic gastro-enteritis (PGE) in cattle in the tropics and SUb-tropics is 
caused by a variety of nematodes of which Haemonchus species are particu
larly important in both climates and Ostertagia species in certain subtropical 
zones. These two diseases are considered separately except for their treatment 
and control which are discussed together since the principles are similar. 

Haemonchiasis 

Disease 

Haemonchiasis is caused by abomasal nematodes of the genus Haemonchus 
and primarily affects young cattle. The disease is characterized by weight loss, 
anemia, hypoalbuminemia and in severe cases, sub-mandibular edema. 

Etiology 

Haemonchus species are among the largest of the ruminant trichostrongyles, 
the adult males being up to 22 mm and the females up to 34 mm long. The 
latter are readily recognized by their "barber pole" appearance due to the 
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white ovary and uterus being twisted around the red, blood-filled intestine. 
The closely related species Mecistocirrus digitatus which occurs principally in 
India and S.E. Asia is found in the same site but measures up to 45 mm 
long. 

For many years Heamonchus placei has been regarded as the main bovine 
species though H. concortus and H. similis have also been identified in cattle. 
These different species can be differentiated morphologically in the males on 
spicule lengths which are 450-470 /Jm for H. placei, 400-430 /Jm for H. con
tortus and < 340 11m for H. similis. Recently, the above classification has been 
disputed and the suggestion made that H. placei is . a bovine strain of H. 
concortus. 

Distribution 

Haemonchiasis occurs in all the continents of the world. It is most prevalent 
in the tropical savanna areas and the humid sub-tropics with summer rainfall 
(cf. ostertagiasis). In the latter zones it is the nematode infection which exerts 
the greatest constraint on productivity, particularly where intensive or semi
intensive systems of grazing management are introduced. 

Life Cycle, Epidemiology and Immunity 

Haemonchus worms have a high egg-laying capacity and as soon as mature 
worms are present there is heavy contamination of the pasture via eggs 
deposited within the feces. Development from the egg through the first and 
second free-living larval stages (Ll and L2) to the infective third stage (L3) 

occurs within the feces and is rapid (5 days) at the optimal temperature of 
24°C but slows considerably at lower temperatures and there is no develop
ment below 9°C. Above 30°C, development is rapid but there is a high 
mortality. Provided moist conditions are present, the L3 will migrate onto the 
pasture from the fecal pat. 

Following ingestion of the L3, infective larval development to the adult 
stages occurs through the fourth and fifth larval stages (L4 and Ls). The 
mature adult stage is usually reached within 4 weeks although under certain 
circumstances the L4 stage development is delayed for several months. 

Arrested development at the L4 stage, or hypobiosis as it is frequently 
referred to, may occur for a variety of reasons. In most countries it has a 
distinct seasonal distribution; the onset coincides with climatic conditions 
adverse to the free-living stages and termination parallels the arrival of a 
favorable climate. In West Africa, for example, hypobiotic L4 accumulate 
during the arid dry season, and development of the hypobiotic larvae to the 
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adult stage coincides with the onset of seasonal rains (Hart, 1964; Fabiyi et 
al., 1979). It is probable that survival of Haemonchus species during adverse 
climates occurs principally via hypobiotic larvae in the host although the 
survival of eggs within the feces and the larvae in the soil requires further 
study. 

Resistance to Haemonchus develops slowly and animals up to a year old are 
highly susceptible. Although older stock develop some resistance, haemon
chiasis can occur, particularly where nutrition is poor or the animals are under 
production stress. 

The high egg production of Haemonchus and warm moist weather created 
by seasonal rains can precipitate severe outbreaks of bovine haemonchiasis 
within 3 to 4 weeks of grazing on infected pasture. 

Although clinical haemonchiasis principally occurs due to the blood sucking 
activities of recently acquired worms, it also occurs when hypobiotic larvae 
mature at a time that haemonchiasis would not be considered a likely occur
rence, such as at the end of a long dry season. Since such animals are often 
on a low plane of nutrition, there is often confusion in the relative roles of 
malnutrition and haemonchiasis. 

Clinical Signs 

Cattle suffering from haemonchiasis usually show a progressive loss of 
weight, anorexia, lethargy and anemic mucous membranes. In those chronic 
cases, sub-mandibular edema may develop. The feces are of normal consis
tency but sometimes are dark colored due to the presence of blood. Milk yield 
of lactating animals is lowered. In young susceptible calves the disease can be 
more acute with severe anemia developing and death occurring within a few 
days. 

Pathology 

The pathogenesis of haemonchiasis is due to the blood-sucking activities of 
the L4 and adult worms. At post-mortem the abomasal mucosa is covered 
with minute hemorrhages where the worms have perforated the mucosa to 
suck blood. The mucosa is usually edematous and hyperplastic and in heavy 
infections fresh blood may be present in the abomasum. The carcass often 
has the characteristic pale and watery appearance associated with malnutri
tion. If the bone marrow is examined, it seems likely that as in infected 
sheep, there is depletion of the marrow with resorption of both cancellous and 
cortical bone; in long-standing cases the marrow may no longer be red. 
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Hemorrhage depletes the iron reserves and consequently erythropoietic func
tion may be impaired (Allonby and Urquhart, 1972). 

LaboratofY Aids to Diagnosis 

Although diagnosis is based primarily on clinical signs, additional confirma
tion may be obtained from fecal egg counts and hematological examination. 
In clinical haemonchiasis the fecal egg counts are very high reaching several 
thousand eggs per gram (e.p.g.) of feces; sometimes in massive infections 
disease may be recognized before the adult worms commence egg-laying. In 
these instances depressed hematological indices (red cell counts, hemaglobin 
and packed cell volume percentages) provide evidence that an anemia is 
present. 

Prevention and Control 

See ostertagiasis. 

Ostertagiasis 

Disease 

Ostertagiasis (parasitic gastritis) is caused by abomasal nematodes of the genus 
Ostertagia; the disease is of particular importance in young cattle and clinical
ly is characterized by weight loss and diarrhea. In older cattle the disease is 
more insidious in nature but is responsible for lowered productivity in fatten
ing steers and milking cattle. 

Etiology 

The most common Ostertagia in cattle is O. Ostertagi; over 90 % of infections 
are due to this species. Ostertagia Iyrata (S. skt:jabinagia Iyrata, Grosspiculagia 
Iyrata) has also been recorded in low numbers from cattle in most parts of the 
world. The adult worms are 8 mm in length and can be seen by the naked 
eye on the surface of the abomasal mucosa. 

Distribution 

The genus Ostertagia is much more common in temperate areas of the world 
but it also causes problems in sub-tropical zones where winter rainfall occurs 
in important cattle rearing areas. 
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Life Cycle, Epidemiology and Immunity 

The life cycle and epidemiology of bovine Ostertagia infections display many 
of the same characteristics discussed previously in relation to Haemonchus. 
The life-cycle is the direct development of the egg through the free-living L( 
and L2 stages to the infective L3 stage. The L3 stage occurs in the fecal pat 
where moist conditions are necessary for migration of the L3 onto the pasture. 
The optimal temperatures for development of the free-living stages are 15 to 
21°C. The L3 survive best at low temperatures and rapidly succumb to 
temperatures above 25°C, although survival is prolonged if the larvae remain 
within fecal pats. In the parasitic cycle, development takes place through the 
L4 and Ls stages in the abomasal glands. The Ls emerge to mature on the 
surface of the abomasal mucosa. The pre-patent period is usually 21 days but 
may extend to several months when arrested development or hypobiosis at 
the L4 occurs. The latter is common and occurs seasonally at the onset of dry 
spring weather in winter rainfall areas (Hotson, 1967) and when temperatures 
decline in autumn and winter in the humid sub-tropics where rainfall occurs 
throughout the year (Williams and Knox, 1976; Craig, 1979). 

Immunity to Ostertagia species develops slowly and requires exposure for at 
least two grazing seasons before a significant resistance develops; even in 
"immune" cattle it is common to find low numbers of adult worms. Oster
tagiasis occurs in two forms: 

Type 1 occurs in susceptible grazing cattle during the time when develop
ment of the free-living stages is optimal (mild humid weather). Disease occurs 
3 to 4 weeks following exposure to heavy infection. 

Type 2 occurs in yearlings or adults usually toward the end of the summer/ 
early autumn in winter rainfall areas, or mid summer/early autumn in the 
humid sub-tropics. 

The disease is due to the development of hypobiotic L4 which were 
acquired in the spring (winter rainfall areas) or the winter (humid sub
tropics). The release of hypobiotic larvae in cows sometimes coincides with 
calving. 

Pathology 

The main pathogenic effect of Ostertagia occurs during the emergence of the 
Ls stages from gastric glands. At this time the cells lining the glands, partic
ularly the acid secretory parietal cells, are replaced by rapidly dividing undif
ferentiated cells resulting in a thickened hyperplastic non-functional gastric 
mucosa. The principal consequences of this are: 1) an elevation of the pH of 
abomasal fluid resulting in (a) failure to activate pepsinogen to pepsin, (b) 
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failure to denature proteins, (c) loss of bacteriostatic effect; 2) enhanced 
permeability of the mucosa to macromolecules leading to a) elevated levels of 
pepsinogen in the plasma, b) a loss of albumin into the gut. 

Macroscopically, the lesion produced in Ostertagia infection is a raised 
nodule with a visible central orifice; in heavy infections these nodules coal
esce to resemble morocco leather. In severe infections edema, hyperemia and 
sloughing of the mucosa occur (Armour, 1974). 

Clinical Signs 

The main clinical signs are diarrhea and loss of weight. Although the diarrhea 
is profuse and watery in the severe clinical disease, in some instances, 
particularly in Type 2 disease, it may be intermittent and episodes occur 
where only soft feces are observed. Coincident with the diarrhea, anorexia 
and thirst are present and the coat is dull and heavily soiled. In Type 2, 
anemia and hypoalbuminemia occur and sub-mandibular edema may be pre
sent. 

Laboratory Aids to Diagnosis 

Diagnosis is based primarily on clinical signs, season and grazing history. 
Fecal egg counts are of limited value except in Type 1 cases involving young 
stock where the count exceeds 1000 e.p.g. Plasma pepsinogen values provide 
a useful diagnostic guide. In clinical cases the pepsinogen level ranged from 
around l.0 i.u. to over 3.0 i.u. In Type 1 disease, pasture larval counts provide 
valuable information on the infectivity of the pasture being grazed. Levels of 
over 1000 L3/kg of dried herbage have been associated with a significant loss 
of production. 

Prevention and Control of Parasitic Gastro-Enteritis 

The aim of any control program is to prevent or minimize contact between 
the free-living stages of the parasite and its host. In temperate zones and to a 
lesser extent in the sub-tropics this can be achieved by the provision of clean 
grazing as provided by a new grass ley sown after 2 or 3 years of cash crops 
by which time any surviving larvae will have succumbed. This is seldom 
practical under tropical conditions and in countries where grazing occurs 
throughout the year. An alternative which is practiced in some tropical 
countries is to employ zero grazing whereby the livestock are continuously 
housed and the grass, either preserved or freshly cut, is transported to the 
animals. Theoretically, zero grazing should eliminate gastro-intestinal helmin-
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thiasis but the unhygienic conditions in which the cattle are often kept and 
the use of their manure as fertilizer perpetuates the infection, albeit at a low 
level. Furthermore, where a reversal to more traditional grazing systems has 
taken place problems have arisen due to the low immune status of the 
previously housed stock which have had minimal exposure to infection. 

In most of the tropics and sub-tropics control is based primarily on anthel
min tics combined with possible manipulation of grazing management. 

The drugs used should be effective against the wide range of cattle nema
todes since it is unlikely that either Haemonchus or Ostertagia would be the 
sole nematodes present. The benzimidazoles, preferably one of the newer ones 
(fenben-, oxfen- and albendazole) thiophanate, levamisole, or morantel tartrate 
are all satisfactory. At certain times it is important that the drug is effective 
against hypobiotic larval stages; the newer benzimidazoles appear to be the 
most effective against these stages. Levamisole is widely used because it may 
be given by injection or poured onto the skin; both routes are preferable to 
oral treatment in cattle. Low level medication in feed blocks is not particular
ly reliable under extensive conditions. Rumen anthelmintic bullets with a 
slow release mechanism (e.g. Anderson and Laby, 1979), are under develop
ment and one containing morantel tartrate is marketed in several countries. 

The response to a single treatment for haemonchiasis or Type 1 ostertagia
sis is usually dramatic. Hematological status and gastric function are rapidly 
restored to normal. The response in Type 2 ostertagiasis is not always so good 
and a second treatment may be necessary in 3 weeks. 

Long-term benefits are best obtained from an anthelmintic treatment given 
during or just prior to a period of minimal reinfection in a safe pasture. The 
anthelmintic removes the worms and the safe pasture limits the rate of 
reinfection. Such a procedure minimizes the number of animal treatments 
required. Safe pastures are those in which resistant eggs or infective larvae are 
allowed to die off in the absence of grazing cattle. This period can be as short 
as 2 months in hot dry conditions or up to 6 or even 12 months under cool 
moist conditions. Alternate grazing with sheep is also useful in controlling 
ostertagiasis since the respective Ostertagia species are host specific; however, 
with Haemonchus contortus cross infection can occur between sheep and 
young calves (Southcott and Barger, 1975). Once the level of pasture infection 
has reached high levels, although worm removal is achieved by treatment 
with anthelmintic, reinfection may follow. Treatments must be given every 3 
to 4 weeks and, although this is expensive, it is sometimes necessary and 
economically advantageous. Unfortunately, the problem of anthelmintic resis
tance has been increasing, particularly in relation to Haemonchus species. 
Consequently, it is recommended that drugs from different chemical groups 
be rotated between Haemonchus seasons. 
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Although immuno-prophylaxis using L3 attenuated by X-rays has produced 
a good resistance to experimental challenge, such vaccination has failed under 
field conditions. 

Parasitic bronchitis Dictyocauliasis 

Disease 

Parasitic bronchitis (husk or hoose) is caused by infection with the lungworm 
Dictyocaulus viviparus; it is characterized by increased respiratory rates and 
coughing. 

Etiology 

Dictyocaulus viviparus is the only lungworm found in cattle which inhabits the 
bronchi and bronchioles. They are slender white worms which measure up to 
10 cm in the adult stage. 

Distribution 

Dictyocaulus viviparus occurs primarily in temperate zones, although parasitic 
bronchitis has also been reported in some parts of the sub-tropics and less 
often in tropical highlands, e.g., in Argentina, Brazil, Cameroun Republic, 
Dominican Republic, Mexico and Paraguay. 

Life Cycle, Epidemiology and Immunity 

The life cycle is direct with L j present in the feces developing rapidly through 
L2 to the infective L3 stages in 1 to 2 weeks at the optimal temperatures at 
15-21°C. The L3 migrate onto the herbage under moist conditions although 
the sluggish nature of the larvae limits their migration away from the dung 
pat. Sometimes the spread of L3 is assisted by migration onto the sporangium 
of the fungus Pilobo/us which grows in fecal pats. When the spores are ripe 
the sporangia carrying the L3 are liberated into the air and onto the surround
ing herbage. 

Infection of the host occurs via ingestion of the L3 and these larvae 
penetrate the intestinal mucosa and pass to the mesenteric nodes where they 
moult. The L4 then travel via the lymph and blood to the lungs where they 
break out of the capillaries into the alveoli about 7 days after infection. The 
final moult occurs in the bronchioles a few days later and the young adults 
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move up the bronchi and mature. The prepatent period is between 3 and 4 
weeks. 

The epidemiology in parasitic bronchitis is less predictable than that of 
ostertagiasis and haemonchiasis and it is often difficult to identify the factors 
which precipitate an outbreak (Duncan et al., 1979). 

For all practical purposes, however, the important factors are: a) the survival 
of L3 . These may survive in feces, on pasture, or possibly in soil. Since D. 
viviparus larvae are more labile than those of the gastro-intestinal nematodes, 
survival is better in a protected environment such as the moist center of a 
fecal pat. Small numbers of L3 are capable of surviving the winter in temper
ature climates but information is lacking on their longevity under tropical 
conditions. b) Carrier cattle. Infected cattle may continue to harbor small 
numbers of lungworms for several months. Although the numbers of larvae 
produced by these cattle are low, they are sufficient to "seed" the pasture. In 
contrast to the gastro-intestinal nematodes, it requires only the ingestion of a 
few hundred lungworm larvae to cause clinical disease. c) Arrested larvae. 
Recently it has been shown that under temperate conditions, arrested devel
opment of lungworms occurs in cattle during autumn and winter, the larvae 
are being arrested at the Ls stage (lnderbitzin and Eckert, 1976). By analogy 
with gut trichostrongyles, it is possible that a similar phenomenon occurs 
under tropical conditions during periods of prolonged dry weather. 

Usually only young cattle are clinically affected with parasitic bronchitis 
since a good immunity develops following exposure to even a moderate 
infection. Adult cattle not exposed in calfhood, however, remain susceptible 
and clinical parasitic bronchitis can occur in older animals. 

The good resistance which develops following a primary infection has 
enabled the development of an X-ray attenuated larval vaccine widely used in 
Europe. 

Pathology 

The pathological changes which result from a primary infection may be 
divided into four stages (Jarrett et al., 1960): 

1. The penetration phase - penetration by the larvae into the intestine and 
then migration to the lungs. This occupies the first 7 days after infection and 
is of little pathological or clinical significance. 

2. The pre-patent phase - this can occur between 7 and 25 days post
infection. The main lesion is blockage of the small bronchi and brochioles by 
the eosinophil exudate produced in response to the developing and migrating 
larvae. The blocked bronchi are not permanently damaged but the obstruction 
results in collapse of the distal alveoli; as a result, the rate of respiration 
increases to overcome the loss of lung function in affected areas. 
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3. Patent phase - this occurs from day 25 to 55 after infection. It is 
associated with the presence of adult worms in the bronchi which produce a 
bronchitis with resultant exudation into a blocking of air passages. Of more 
importance is the primary pneumonia which develops as a result of the 
cellular response to aspirated eggs and larvae. At post-mortem the consolida
tion is particularly prevalent in the diaphragmatic lobes. This phase is charac
terized clinically by increased respiratory rates and coughing. 

4. Post-patent phase - this occurs from day 55 to 90. During this phase 
most of the adult worms are expelled and the majority of animals gradually 
recover except a proportion (up to 25 %) in which, for some unknown reason, 
many alveoli show a swelling and proliferation of their epithelium. If this 
proliferative pneumonia lesion spreads to involve the whole lung then serious 
clinical consequences ensue. At post-mortem the presence of red or fawn 
rubbery areas which are not consolidated are suggestive of this parasitic 
bronchitis stage. 

During the pre-patent and patent phases, various complications including 
pulmonary edema, emphysema and secondary bacterial infection may ensue. 
Bronchiectasis may occur as a sequel. 

Although cattle develop a good immunity to D. viviparus, reinfection of 
immune animals may result in accelerated respiratory rates and coughing may 
last for a few days. If the challenge infection is heavy, some larvae may reach 
the bronchioles and the resulting immune response is characterized by lym
pho-reticular cells around each dead larva resulting in bronchiolar obstruction 
and a macroscopically visible grey lymphoid nodule. 

Clinical Signs 

The clinical signs are those associated with a developing bronchitis and 
pneumonia, i.e., coughing and tachypnea accompanied by varying degrees of 
pyrexia, anorexia, weight loss and dyspnea. In severe disease, respiratory rates 
are in excess of 70 per minute and often accompanied by dyspnea in which 
the calf adopts an 'air hunger' position with extended head and neck. 

On auscultation, respiratory and expiratory sounds are harsh and rhonchial 
and emphysematous crackling are common. 

LaboratolY A ids to Diagnosis 

Diagnosis is usually based on clinical signs, previous grazing history and 
season. In light infections where the clinical signs are less obvious, examina
tion of feces for the presence of D. viviparus L, is useful. The L] larvae 
measure 400-500 11m and are characterized by the presence of large food 
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granules. Successful detection of lungworm larvae in pasture samples requires 
more sophisticated techniques than for other trichostrongyle larvae. The 
results obtained with the usual washing and sedimentation methods are 
unreliable. 

Prevention and Control 

The ideal method of preventing parasitic bronchitis is by vaccination with 
X-ray attenuated L3 of D. viviparus which is available commercially in 
Europe. 

Because of the ubiquitous nature of the free-living stages, control by graz
ing management is unreliable and hence in most areas other than Europe, 
control is based on anthelmintics. Prophylactic programs such as those 
described previously for gastro-intestinal nematodes are less reliable because 
the seasonal fluctuations of lungworm larvae on pasture are less predict
able. 

Where lungworm infection is diagnosed and treatment has to be instituted, 
respiratory rates return to normal within 48 hours in most cases. However, 
due to residual pathology, coughing may persist for several weeks. It is 
important to use drugs which are effective against adult and larval stages such 
as levamisole and the three modern benzimidazoles (fenben-, oxfen- and 
albendazole). 

Fascioliasis 

Disease 

Bovine fascioliasis or liver fluke disease is a chronic wasting disease which 
primarily affects young cattle although sub-clinical production losses can also 
occur in older stock. The disease is characterized by loss of weight, anemia 
and hypoalbuminemia with submandibular edema an occasional feature. 

Etiology 

Fasciola hepatica and Fasciola gigantica are the important liver-fluke species. 
Both are leaf shaped, although there is considerable overlap and variation in 
size. Fasciola gigantica is usually larger, measuring up to 75 mm long by 
12 mm wide compared to 50 mm long by 15 mm wide for F. hepatica. The 
latter species also has a more distinct anterior cone and shoulders. 
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Distribution 

Fasciola hepatica is widespread in temperate areas but also occurs in Australia, 
South America, North and South Africa and the tropical highlands of Africa 
and Asia. Fasciola gigantica is widely distributed through tropical and sub
tropical areas of Africa and Asia, including many Pacific islands. It has also 
been recorded from Southern Europe and Southern U.S.A. 

Life Cycle, Epidemiology and Immunity 

The life cycle is indirect and requires a snail intermediate host. The fluke eggs 
are passed in the feces and develop into miracidia once free of feces. These 
motile miracidia penetrate snails of the genus Lymnaea where they develop 
asexually through sporocyst and redial stages to cercarciae which are shed 
from the snail. The latter encyst to become the infective metacercariae. Under 
natural conditions the minimum time taken for this part of the life cycle is 6 
weeks with F. hepatica and about 8 weeks for F. gigantica. 

Following ingestion by the final host, the metacercariae excyst in the small 
intestine and migrate throught the gut wall into the peritoneal cavity and 
eventually to the liver. The young flukes wander in the liver parenchyma for 
about 6 weeks and then enter the bile duct where they mature to the adult 
stage. The minimal prepatent period for F. hepatica is 10 weeks and for F. 
gigantica is 13 weeks. 

The epidemiology of fascioliasis is dependent on the ecology of the snail 
intermediate host. There are many different species of Lymnaea but it is now 
generally agreed that two main types are involved in the transmission of fluke 
although there are species variants in different countries. In the case of F. 
hepatica, the most important Lymnaea is the L. truncatula type. This is a mud 
snail which prefers moist temperate conditions (15-22 °C) though it appears 
that variants found in the tropics have adapted to higher temperatures and 
can breed and survive at 26°C with sufficient moisture. During the dry 
season, L. truncatula is capable of estivation for at least a year in dry mud. 
The adult snail measures 1 cm in length. 

The intermediate hosts of F. gigantica are of the L. auricularia type. These 
are aquatic snails which prefer tropical or sub-tropical conditions and thrive in 
well oxygenated non-polluted water. These are, however, adaptable to an 
amphibious environment and can estivate during dry weather. The adult 
snails measure up to 1.5 cm. Another facultatively amphibious snail L. tom
entosa is the host for F. hepatica in Australasia. 

There is a distinct seasonal pattern to infections with liver flukes related to 
the seasonal activity of the snail intermediate hosts. Optimal conditions for 
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development of snails and their larval flukes are moderate temperatures and 
wet weather. Considering the time taken for snail breeding, a minimum of 6 
to 8 weeks for larval development, the majority of cercariae are produced 3 or 
4 months after the onset of favorable conditions. Therefore, in those countries 
with distinct wet and dry seasons the cercariae are produced towards the end 
of the wet season; in the sub-tropics they are shed in autumn, in summer 
rainfall zones and in late spring, early summer in winter rainfall zones. In 
irrigation areas, snail breeding and cercarial production is less circumscribed 
and will continue except for periods when the temperature is extreme. 

Clinical fascioliasis occurs 3 to 4 months after infection, i.e., when the 
flukes become adults. More acute forms of the disease, so common in sheep, 
are only occasionally seen in young calves. 

In cattle there is some evidence of an acquired resistance to reinfection 
with Fasciola. In some situations this is expressed as an absolute resistance, in 
others as a delayed migration of the challenge infection. The life span of 
existing burdens is also limited to about 5 months (Doyle, 1971; van Tiggele 
and Over, 1975; Kendall et al., 1978). 

Clinical Signs 

The clinical signs are loss of weight, anemia and in severe cases, submandi
bular edema. Diarrhea is not a feature of chronic bovine fascioliasis except in 
the terminal stages or where the condition is compilated by the presence of 
gastro-intestinal nematodes. 

Where nutrition is inadequate, as is often the case at the time when 
infections occur during the dry season, cattle are less able to tolerate fluke 
infection. 

Pathology 

The pathogenesis of the disease is principally based on the anemia caused by 
the blood sucking propensity of the adult flukes. This activity results in 
anemia, hypoalbuminemia, and a loss of red cells and plasma into the bile 
ducts. 

The major pathological changes encountered at post-mortem are the devel
opment of hepatic fibrosis and hyperplastic cholangitis. In F. hepatica infec
tions, calcification of the bile ducts occurs but this is not obvious in F. 
gigantica infections. The gall bladder is often enlarged. 
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Laboratmy Aids to Diagnosis 

Diagnosis is based on the clinical signs, grazing history and season. In cattle, 
the disease is associated with the presence of adult flukes. The typical yellow 
operculated eggs (140 X 80 11m for F. hepatica, 170 X 90 11m for F. gigantica) 
may be present in the feces although counts are often low, even in high 
infections. 

The presence of anemia, low serum albumin levels and raised serum 
enzyme levels are helpful diagnostic aids. Gamma glutamyl transpeptidase is 
probably the best indicator. In older or reinfected cattle the use of serological 
tests such as the indirect hemagglutination test have proved useful under 
experimental conditions. 

Prevention and Control 

The best method to control fascioliasis is to eradicate or reduce the popula
tions of the snail intermediate hosts. In the case of the L. truncatula mud 
snail, this is best accomplished by improving the drainage of the land. 
Alternatively, areas or ponds suitable for snail colonization may be fenced off, 
though this is not always practical. Another approach which is also suitable 
for the control of L. auricularia is to apply molluscicides just prior to the snail 
breeding season. However, it is unlikely that all the snails will be killed and 
repopulation occurs rapidly unless repeated applications are carried out. A 
better approach is to apply the molluscicide at a time when the snails have 
become infected but prior to shedding of cercariae. Such strategic applications 
have proved economically advantageous. 

It is interesting that in developing countries where hydrological develop
ments have taken place the prevalence of fascioliasis has increased. The 
creation of watering points, dams, etc. , have proved to be ideal reservoirs for 
L. auricularia snails. The use of a potent molluscicide such as N-trityl mor
pholine at the season when the water level is at its highest has given excellent 
control and economic benefit (Preston and Castelino, 1977). 

In tropical savannas with long dry seasons or occasional droughts, problems 
can arise when cattle are forced to graze in marshy or swampy areas where 
metacercarial populations have increased towards the end of the rains. 
Although it is difficult to control the grazing of such areas in times when 
good grazing is in short supply, efforts should be made to delay the grazing of 
marshes as long as possible to allow some mortality of surviving metacercar
iae and a reduction in the numbers available. A good policy is to admit 
previously infected and resistant cattle first to such areas (Schill horn v. Veen, 
1977). 

534 



Treatment of bovine fascioliasis is costly but several drugs are now avail
able which are very efficient against the adult flukes in the bile ducts and the 
later parenchymal stages. Those drugs which include nitroxynil, rafoxanide, 
oxyclozanide and brotianide, are best given routinely 3 months after the 
animals have first grazed on known infected pasture. If necessary, a second 
treatment should be given 6 weeks later. 

Cysticercosis 

Cysticercosis or 'beef measles' is the term given to infection of cattle with 
Cysticercus bovis which is the intermediate stage of the human tapeworm 
Taenia saginata. It is important as a public health problem and under natural 
conditions there are no clinical signs in cattle. 

Etiology 

The adult form of T. saginata occurs in the small intestine of man and may 
be recognized by its size (up to 10 m) and the absence of a rostellum or 
hooks. The larval stage C. bovis is a simple cyst or cysticercus. The cysts can 
measure up to 1 cm in width. 

Distribution 

These tapeworms are found world-wide. Prevalence is greater in developing 
countries, particularly where the economy is based on cattle, e.g., many parts 
of Africa, Central Asia and Latin America. Up to 80 % of infected bovine 
carcasses have been recorded from parts of East Africa and Nepal. 

Life Cycle and Epidemiology 

The adult T. saginata may pass millions of eggs daily and these are capable of 
survival for several weeks and if optimal conditions of humidity are present, 
for more than 1 year. After ingestion by a susceptible host, the larva or 
oncosphere passes via the circulation to striated muscle where it becomes a 
cysticercus. It takes about 8 weeks for these cysts to become infective to man, 
who becomes infected by eating raw or poorly cooked beef. Development of 
the adult tapeworm takes several weeks. Prenatal infection of calves has also 
been reported. 

The epidemiology of cysticercosis in developing countries can often be 
related to the communal existence of man and animals so that tapeworm eggs 
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can readily be transmitted to cattle. In many of these countries the eating of 
poorly cooked meat is a common practice and this perpetuates the prob
lem. 

In more developed societies the epidemiology is more complex since cattle 
are seldom exposed to direct contact with human excreta. The dissemination 
of infected sewage either by birds or sewage sludge used to fertilize pasture 
are two routes which have been incriminated in cysticercosis outbreaks. 
Infected stockmen have also been identified as the source of infection in 
several' cysticercosis storms' where contamination occurs either directly dur
ing stock feeding of via hay or straw soiled during defecation. 

Immunity 

If cattle over 6 months old first become infected with T. saginata eggs\ the 
infections are usually self-limiting and the cysts degenerate within a year. 
These cattle are strongly resistant to reinfection. If, however, infection occurs 
in calfhood, the cysts may persist for years although the calf becomes com
pletely immune to reinfection after 3 to 6 months due to acquired immuni
ty. 

Pathology 

Cysts first become grossly visible about 2 weeks after infection, appearing as a 
pale semi-transparent spot in the muscle about 1 mm in diameter. By 8 weeks 
post-infection, it is a mature fluid-filled cyst about 1 em in width with a 
scolex clearly visible and enclosed in a thin fibrous capsule. When mature 
cysts die, they are replaced by a caseous crumbly mass about 112 em in 
diameter. 

The predilection sites for cysticercosis are the masticatory muscles, heart, 
tongue and diaphragm but they may be found in a striated muscle, even in 
light infections (McCool, 1979). 

Clinical Signs 

Under natural conditions, there are no clinical signs in cattle infected with C. 
bovis. 

LaboratolY Aids to Diagnosis 

Diagnosis is based entirely on examination of the carcass at meat inspection 
and observation of the cysts. Some authorities find that incision of the 
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shoulder muscles yields a significantly higher detection rate. At present there 
is no reliable serodiagnostic test. 

Prevention and Control 

In countries with a nigh prevalence of cysticercosis, there is no doubt that 
indiscriminate defecation is the main factor which perpetuates the infection. 
The provision of sanitary facilities and controlled disposal of human feces, 
plus public health education programs are clearly the best measures which 
limit the spread of infection to cattle. If this is coupled with thorough cooking 
of beef and regular treatment of the labor force on problem farms, the 
infection can be suppressed. 

A further proviso is, of course, adequate meat inspection to detect infected 
carcasses and the proper treatment of the latter. Generalized infections should 
result in total condemnation of the carcass. In lighter infections, the affected 
part is condemned and the remainder of the carcass deep frozen at - 10 0 C 
for 10-14 days. 

Treatment of affected animals is at present unsatisfactory though several of 
the newer anthelmintics including mebendazole and praziquantel have shown 
promise at high and possibly expensive dosage rates. 

Recently, a vaccine based on the excretions of embryonated eggs (oncos
pheres) has been developed in Australia and has given very promising results 
in field trials on farms where cysticercosis is endemic (Rickard and Adolph, 
1976). 

Toxocariasis 

Disease 

Toxocoriasis in cattle and buffalo is caused by the small intestinal ascarid 
Toxocara vitulorum (formerly Neoascaris vitulorum) and primarily affects ani
mals under 6 months of age. Heavy infections are associated with poor 
thriving and in some instances intermittent diarrhea. 

Etiology 

Toxocarra vitulorum is a stout pinkish-white worm, the adult males being up 
to 25 cm long and the females up to 30 cm. 
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Distribution 

This ascarid is most common in tropical regions though it is also present in 
parts of Europe, North America and Australia. The prevalence is particularly 
high in buffalo calves in Egypt, South East Asia and parts of the Indian 
sub-continent. In West Africa the prevalence in young bovines has reached 
98 % in some areas. 

Life Cycle, Epidemiology and Immunity 

Toxocara vitulorum is a migratory ascarid in which the vast majority of 
infections occur following ingestion of larvae in milk during the early suckling 
period. Thus the usual cycle is that larvae hatching from ingested eggs 
(containing an L2) pass to the tissues where they are retained and constitute a 
reservoir of infection. In pregnant cows these larvae are mobilized late in the 
pregnancy and pass via the milk to the calves. Larvae are present in the milk 
for about 3 weeks and characteristic ascarid eggs appear in the feces 3 weeks 
after ingestion of the larvae, i.e. when the calves are between 3 and 6 weeks 
of age. 

As immunity to the presence of adult parasites develops, the ascarids are 
expelled and few if any adults remain by 6 months of age. 

Clinical Signs 

In many instances the only clinical sign is unthriftiness although loss of 
appetite, anemia and occasional diarrhea have been reported in very heavy 
infections. 

Pathology 

As in all ascarids there is minimal macroscopic evidence of infection in the 
small intestine though a mild enteritis may be detected. At cellular level there 
is thought to be an impaired absorption of nutrients which is responsible for 
the unthriftiness and poor growth rates. 

LaboratolY Aids to Diagnosis 

The minimal clinical signs and the absence of a seasonal prevalence make 
diagnosis relatively difficult and a greater reliance than usual is placed on the 
detection in the feces, of large numbers (often > 5000 e.p.g.) of the character-
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istic round ascarid eggs with a pitted shell. These eggs may be detected by 
any of the usual flotation techniques and counted in a McMaster chamber. 

Prevention and Control 

In calves, a single treatment at 4 weeks of age with an anthelmintic efficient 
against both the developing and mature infection will suffice. By 4 weeks, 
transmission of larvae in the milk should have terminated and further treat
ment is unnecessary. Suitable drugs include the piperazine salts and some of 
the modern benzimidazoles with efficiency against ascarids, e.g. fenbendazole. 
If the above routine is coupled with an improvement in hygiene, i.e. disposal 
of feces, regular changing of congregation areas, then infection should become 
minimal. Complete eradication is difficult because of the resistant nature of 
the eggs on pasture and the reservoir of larval infection in the tissues for 
which there is currently no treatment. 
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PART III 

DISEASES OF MIXED ETIOLOGY 
OR LESSER FREQUENCY 



39. THE CARE OF YOUNG CALVES, 
NEONATAL CALF DIARRHEA, THE 
CALF PNEUMONIAS 

I.E. Selman 

Abstract. Newborn calves are born devoid of any significant resistance to the common 
calfhood pathogens. To attain a sufficient level of resistance, calves have to suckle or 
be fed maximum quantities of their dam's colostrum as soon after birth as possible. 
The immunoglobulins from the colostrum are absorbed intact through the caIrs 
intestinal epithelial cells. If they absorb enough immunoglobulins, they will probably 
become resistant to the effects of neonatal calf diarrhea, the major hazard calves face 
during the first month of life. Colostrum may also afford some protection against the 
other major calf problem, pneumonia, which commonly causes illness between one 
and six months, particularly in more intensive units. 

The care of young calves 

Management of the calving cow 

Under "natural " conditions, a cow will usually seek out a sheltered, 
secluded position just prior to parturition. This has three major advantages: 
first, in areas where cattle are still harassed by wild predators, the cow and 
her calf will obtain maximum protection at a particularly vulnerable stage in 
their lives; second, the practice allows ample opportunity for the early forma
tion of a strong dam-offspring bond; third, the choice of an out-of-the-way 
location should also result in the calf being delivered into a relatively uncon
taminated environment. Of course, the major disadvantage of this whole 
process is that proper surveillance of calving cows is often made more diffi
cult and, in the event of parturition-related problems, handling and treatment 
are not easy to carry out. Nevertheless, even under modern dairy farming 
conditions, there is little doubt that major benefits are derived from allowing 
calving to take place out-of-doors whenever possible, at least from the view
point of calf survival (see below). 

The selection of the calving area is still most important when calving 
cannot take place out-of-doors, during periods of adverse weather, or in large 
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"zero-grazed" dairy herds, or even when a hormone-regulated, batch-calving 
system is operating and labor considerations dictate that down-calving cattle 
must be held in nearby paddocks or yards. In the long run, the use of 
"intensive" calving areas almost inevitably leads to higher neonatal calf 
losses and may also exacerbate disease problems (e.g., brucellosis) in the adult 
stock. These factors have to be balanced against labor and other costs. When 
limited calving areas must be used, they should be changed regularly to avoid 
infection "build-up" (i.e., within, not just between, calving seasons) and 
calving groups should be as small as possible. It is still important to recognize 
the calving cow's need for relative seclusion in order to minimize" mismo
thering" . 

The use of indoor calving accommodation is not usually necessary in 
tropical areas and is rarely advisable. Indoor calving may lead to high neon
atal losses due to infection build-up in calving pens and interference factors 
which adversely affect early suckling and significant colostral globulin absorp
tion (see below). If absolutely unavoidable, indoor calving should occur in 
clean, well-littered, well-lighted, loose boxes with surveillance to avoid mis
mothering and to ensure early suckling. 

Finally, the particular problems posed by primiparous females (heifers) 
should be recognized. Such animals are more likely to experience difficulties 
at calving and have maternal instincts which have not been strengthened by 
experience. Often they appear "stunned" or exhausted by the process of 
calving and, thereafter, frightened of their calves. Thus, the heifers must 
always receive particular attention at and around calving time. 

Mal7agement oj the novborn calj 

The final stage of parturition generally occur with the cow in a recumbent 
position and the calf is deposited into a large pool of slippery amniotic fluid. 
This is of little consequence when calving occurs out-of-doors since in its 
initial attempts to rise, the calfs feet dig into the soil and a firm grip is 
gained. In indoor parturitions, the calf is often born on a bare or sparsely 
littered floor and has extreme difficulty in rising. Often the calf becomes 
exhausted in its attempts and the time of first suckling is markedly delayed 
(see beloW). Well-littered calving areas will avoid this problem and calves may 
rise with a minimum of difficulty. 

Once on its feet, a newborn calf almost immediately initiates teat-seeking 
activities. At this stage, the major difficulties are either an uncooperative or 
aggressive dam, or a cooperative dam whose only fault is that her udder 
and/or teats are too low for the calf to find. This latter problem is because the 
calfs teat-seeking activity is largely directed upwards towards the highest part 
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of the dam's underbelly. In most beef cows and in dairy heifers, this is 
usually where the teats are located and early suckling is possible (Selman et 
al., 1970b). In a large proportion of mature dairy cows, however, the highest 
point of the underbelly, due to the large size of the abdomen and udder, is 
the xiphoid region; teat-seeking is thus directly anteriorly (i.e., away from the 
teats) and first suckling is delayed. This is a common problem in dairy herds 
and approxi mately' 25 % of dairy calves born in loose boxes under otherwise 
ideal conditions may fail to suckle their dams within the first eight hours of 
life (Selman et al., 1970b). The consequences of this may be considerable and 
it is essential that animal attendants and veterinarians do not assume that by 
leaving a cow and calf together in a loose box, suckling will inevitably ensue. 
Consequently, whenever possible, and when faced with a neonatal diarrhea 
problem, careful attention is necessary to ensure early suckling. If for 
any reason the calves are not groomed by their dams it is important for 
attendants to dry them off as soon as possible. The more vigorous the 
rubbing, the greater the benefits appear to be. Many experienced cattle atten
dants advise spraying or otherwise dressing the navels of newborn calves with 
an antibiotic preparation. If this is to be of any use at all, it should be carried 
out as soon as possible after birth. While there is little or no scientific 
evidence to support the practice, the aim of this procedure is to prevent 
umbilical infections. 

Under natural conditions the dam-offspring bond will be established by 12 
hours post partum. At this stage the cow and calf usually rejoin the rest of 
the herd. In beef herds this is assumed to be of benefit to all but is rarely 
possible in dairy enterprises. In fact, the importance of a successful dam
offspring bond in dairy cattle is either ignored or looked upon as a definite 
disadvantage. Under certain forms of management, this bond may result in 
calf feeding difficulties and milk" let down" problems in cows. It is impor
tant, however, that calves not only obtain colostrum but also consume it 
under the right circumstances (see below). The formation of a tight dam
offspring bond (although a temporary one) is vital, particularly in dairy calves, 
for a newborn calf to acquire resistance to common calfhood infections. 

The importance q/ colostrum 

Colostrum is the thick secretion which is normally present in a cow's udder 
around the time of parturition. It has long been accepted that an early feed of 
colostrum is essential if a calf is to survive the neonatal period without 
serious illness. Scientific proof of this fact has been available for only the last 
50 years. During this period, a great deal of work involving a vast number of 
different techniques has shown that the" protective factor" in the colostrum 
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is immunological and that the colostrum is a rich source of immunoglobulins 
(antibodies) if only for a limited period (i.e., a day or two) after calving. It is 
also a rich food source with laxative properties. 

The newborn calf is normally born devoid of significant amounts of immu
noglobulins and is totally dependent upon acquiring these from colostrum. 
For a limited period only, its intestinal epithelial cells are capable of absorbing 
intact immunoglobulin molecules (and many other macromolecules, also). 
The immunoglobulins eventually reach the systemic circulation via the lac
teals and lymphatic duct. 

Depriving calves of colostrum regularly results in severe neonatal disease 
and/or death; however, under farming conditions the mere feeding colostrum 
to calves is not a guarantee of good health or survival. Colostral immunoglo
bulin absorption by newborn calves may be a remarkably efficient and con
sistent phenomenon under carefully controlled experimental conditions (Sel
man f't al., 1971a); under less stringent circumstances marked individual 
variations may arise in the ability of newborn calves to absorb intact immu
noglobulin molecules from colostrum. In fact, immunoglobulin absorption is 
not an inevitable sequel to colostrum feeding. If due attention is paid to 
factors which are of prime importance in respect to immunoglobulin absorp
tion in very young calves, it is possible to bring about maximal absorption 
rates, and hence high post-colostral serum immunoglobulin concentrations, 
thereby giving a calf maximum chances of survival. A direct relationship 
exists between the immunoglobulin concentration and the fate of calves 
during the neonatal period (Gay f't al., 1965). The most important factors to 
be considered in this context are (i) the timing of the first feed of colostrum, 
(ii) the mass of immunoglobulin consumed and (iii) whether or not a calf 
receives its colostrum in the presence of its dam. Breed factors also exist but 
are not usually considered to be of practical significance. 

For many years it was believed that immunoglobulin absorption occurred in 
calves for the first 24 to 48 hours of life, however, this is not the case. More 
recently it has been shown that the intestine of the newborn calf becomes 
progressively unable to absorb macromolecules from birth. By 10 hours post 
partum it has already lost at least 50% of its original absorptive efficiency and 
"intestinal shutdown" is, for practical purposes, complete by about 16 hours 
of age. The managemental implications of this are obvious. Suckling should 
be ensured, or if artificial means are needed, colostrum should be fed within 
the first few hours of life. Luckily, newborn calves usually have such a strong 
suckling drive that this does not present a major problem; if artificial feeding 
is necessary the use of a nipple feeding system is recommended. Using such a 
system, calves will generally consume large volumes of colostrum (see below) 
even at one hour post partum. 
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The widely-held misconception that newborn calves suckle their dams little 
and often is wrong (Selman et al., 1970b). When newborn calves finally locate 
a teat, they spend up to 20 minutes suckling and then, obviously full, they 
retire to a quiet corner and sleep for several hours. Under these circum
stances, a dairy calf will consume 5 to 10% of its birthweight (i.e., 2 to 5 
liters). A direct linear relationship exists between the mass of immunoglobulin 
presented to a calf under standard feeding conditions, and the calfs subse
quent (48 hours) serum concentration. Usually it is not possible to ascertain 
the colostral immunoglobulin concentration under farm conditions, therefore, 
one has to ensure that calves consume maximal volumes of colostrum to 
receive maximal quantities of immunoglobulin. Feeding such a quantity of 
colostrum is likely to precipitate diarrhea. However, this is of no medical 
consequence. 

Finally, the presence of the dam and probably her grooming activities, 
increase the efficiency of immunoglobulin absorption by a factor of at least 
50% in the newborn calf. This has been demonstrated under natural suckling 
conditions and with strictly standardized conditions using artificial feeding 
techniques, uniform feeding times, rates and pooled colostrum (Selman, 
1973). The basic mechanism involved in. this phenomenon is not known. 
However, a similar situation has been described in other species, notably dogs 
and rats. Again, whenever possible, calves should obtain colostrum by natural 
suckling. 

From an immunological viewpoint, further colostrum feeding is not neces
sary since intestinal absorption of intact immunoglobulin molecules is 
unlikely to occur after 24 hours. One school of thought, however, suggests 
that further feeding is beneficial; immunoglobulins may exert a "local" effect 
on the intestinal epithelium. Colostrum is also a highly nutritious product 
which does no harm and probably does a little good even when fed at a late 
stage. If for any reason a calfs dam has no colostrum, deep-frozen colostrum 
or colostrum from another calving cow may be used. Also, there appear to be 
no objections to storing colostrum at room temperature and feeding it even in 
a soured and mouldy state at least from the nutritional viewpoint. 

Feeding and management to weaning 

Little needs to be said about the feeding and management of ranch-type 
(beef) calves since much of the responsibility for this is taken over by the 
calfs mother. It is important to ensure that adequate food and water is 
available to the adult stock for calves to receive a plentiful supply of milk. 
Weaning is usually between 6 and 10 months. This decision and whether or 
not to offer supplementary food to calves during the late suckling stage are 
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commercial considerations based mainly upon local conditions, i.e., availabil
ity of foodstuff and/or grazing and on marketing trends. 

With dairy calves and dairy-cross calves destined for beef production, the 
situation is vastly different because such animals are usually reared in isola
tion from the adult herd. This practice of attempting to rear large numbers of 
young and highly susceptible calves often creates enormous veterinary prob
lems, particularly with regard to respiratory and enteric diseases (see below) 
and later, parasitism. 

Dairy calves are sometimes reared by single or more commonly, multiple 
suckling systems. However, this is applicable only to small scale enterprises; 
more often, this type of calf is reared artificially. The diversity of available 
systems is considerable and a detailed discussion regarding the advantages 
and disadvantages of each one is not within the scope and aim of this book. 
Basically, dairy calves may be reared indoors, outdoors, or on the "shelter
and-run" principle. In each of these systems calves may be housed in single 
pens, in small numbers in larger pens or in large loose-housed groups of 20 or 
more animals. Most cattle veterinarians will admit to having seen successes 
and failures under each method. There is some evidence to show that calves 
reared in groups are more socially adjusted than calves reared in single pens. 
On the other hand, certain infectious diseases spread more easily through 
group-housed calves and it is far easier for them to develop unpleasant and 
potentially damaging habits, i.e., intersucking and urine drinking. Labor costs 
are usually higher with single pens but surveillance and individual attention is 
easier. Irrespective of how many calves share a pen, loose-box, yard or 
paddock, it is of the utmost importance to ensure their comfort. In hot 
climates it is important to provide shade and some means of insect control; 
shelter may be necessary for cold nights or in wet weather. It is essential that 
calves be provided with a dry resting area and if they are housed, the building 
should be airy and well ventilated but relatively draught free. If large groups 
of calves are housed together, size matching is important to minimize bully
ing. The other major consideration is hygiene. It is very important to ensure 
that adequate alternative accommodation is available so that indoor pens can 
be depopulated regularly and disinfected, and outdoor pens and paddocks can 
be moved or rotated around other parts of the farm. Control of vermin is 
another important point. 

Many different feeding systems are available with the final choice being 
based on such considerations as personal preference, local supply situations, 
type of housing or other calf accommodation, and the cost and quality of 
available labor. 

Despite the relatively higher costs involved, many dairy farmers prefer to 
feed raw cow's milk during the preweaning period; milk is convenient, 
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home-produced and in regular supply; in addition, if it is fed fresh and 
undiluted, there is little that can go wrong with it. In certain countries there 
are stringent regulations regarding the sale of milk from, for example, cattle 
treated with either local or parenteral antibiotics, thus the feeding of such 
milk to calves prevents what would otherwise be a total waste during the 
withdrawal period. 

Other farmers prefer to feed cow's milk for a limited period then feed a 
powdered milk substitute. Many different forms of milk substitutes exist and 
the decision to use a particular brand must rest with individual farmers in 
consultation with other brand users. It should be pointed out that inferior 
products are on the market in some countries and, when in doubt, it is 
probably best to use cows milk, at least for the first month or so of life. 
Skimmed milk and whey are also acceptable alternatives but are best used on 
slightly older calves. 

Having settled what to feed, the next question is how to feed it. Again, the 
final decision is based on housing systems and the availability of labor. 
Calves in single pens may be fed from pails or nipple feeders of which several 
different types are on the market. In general, it is easier to introduce newborn 
calves to nipple feeders, particularly if they have been suckling their dams for 
a few days and there is the advantage of less spillage. Calves often appear 
to thrive better when feeding from teats. When calves are housed in groups 
of 2 to 4, bucket feeding is possible but difficult, spillages are common and 
intersucking tends to be a problem. Under such conditions, teat feeding in 
limited quantities from nipple feeders or an ad lib cold acidified milk substi
tute from a bin is recommended. The high urine output of calves on ad lib 
diets must be taken into account before a decision is made to convert to this 
system because it commonly produces drainage and high atmospheric humid
ity problems. 

Finally, when calves are kept in large groups the only acceptable feeding 
system is ad lib milk substitute delivered through teats. This may be carried 
out either by using an artificial suckling machine which will mix and deliver 
hot or cold milk, or ad lib acidified milk substitute which is mixed by hand in 
a large reservoir every few days and delivered at ambient temperature. These 
latter systems are expensive to operate because the milk intake of calves on 
ad lib systems may run two or three times the amount usually fed by pail 
(i.e., 10% body weight/day). On the other hand, labor costs are considerably 
lower, particularly with the use of cold acidified powders. The high urine 
output of calves under ad lib system must be anticipated and contended with. 
Intersucking is not normally a problem in groups of calves fed ad lib by a teat 
system. 

Calves will normally start nibbling soft hay after a few days and will show 
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definite interest in concentrate mixtures or calf pencils when they are 2 to 3 
weeks of age. However, their intake of dry food will depend largely on their 
milk intake and, although fresh water should be available from about 2 weeks 
of age, many calves will not drink appreciable quantities until near weaning 
time. In view of the high value of milk and the high cost of milk substitutes, 
there is a tendency to wean calves earlier than used to be the case. Many 
dairy calves are now weaned at 5 or 6 weeks of age but perhaps the best 
guide is their dry food intake and a decision to wean should be made when 
calves are eating about 1 kg calf concentrate/day. This decision must also 
take local considerations into account, particularly the availability and cost of 
hay and concentrates. 

Neonatal calf diarrhea 

Etiology 

The etiology of neonatal calf diarrhea will be discussed under the headings 
" bacteria", "viruses" and "other possible causes". It must be emphasized 
that the basis for the descriptions is predominantly experimental work, using 
selected agents under laboratory conditions or limited field studies with 
extremely expensive and sophisticated laboratory support. 

The cause of an outbreak of neonatal calf diarrhea is rarely sought, let 
alone achieved, even in developed countries with all the benefits of good 
communications and well-organized veterinary services. Neonatal diarrhea is 
so common under certain circumstances that farmers are used to seeing 
diarrheic calves and seek veterinary advice only when a problem reaches what 
they consider to be an unacceptable level. Another problem for diagnostic 
laboratories is the submission of dead or dying calves which have already 
received some form of antibiotic therapy. The most important reason for poor 
diagnosis, however, is that little is known about the prevalence, relative 
importance, possible interrelationships and pathogenic effects of the large 
number of microorganisms which have been shown, or claimed, to be causal. 
One group of workers (Blood et al., 1979) has developed the term "acute 
undifferentiated diarrhea of newborn calves" for the vast majority of similar 
looking outbreaks when a satisfactory diagnosis is either not attempted or 
reached. 

Bacteria. Until recent years, accounts on the subject suggested that almost 
all calf diarrhea arose as the result of bacterial infections; the causal organism 
was considered to be the Gram-negative bacterium, Escherichia coli. This 
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subject has been extensively reviewed by Gay (1965) who subdivided calf 
colibacillosis into three major types (i) colisepticemia, (ii) enteric toxemic 
(enterotoxic) colibacillosis and (iii) enteric colibacillosis. While there is no 
doubt as to the pathogenic significance of E. coli in the first two forms of the 
disease, there is still considerable debate as to its role in the third (enteric 
colibacillosis). It seems likely that future studies will reveal the latter syn
drome to be a mixture of disorders, some due to E. coli strains of unsuspected 
pathogenicity, others due to enteric virus infections and other causes. 

Colisepticemia may arise following infection by a wide range of so-called 
invasive serotypes of E. coli. Enterotoxic colibacillosis arises as the result of a 
localized intestinal infection by certain specific serotypes which have the 
ability to produce enterotoxins. 

Other bacteria have also been incriminated in cases and/or outbreaks of 
neonatal calf diarrhea, i.e., Salmonella spp. and, to a lesser extent, Clostridium 
peljringens, types Band C. In most countries the commonest serotypes 
associated with salmonellosis in cattle are S. dublin, S. enteritides and S. 
typhimurium but many others are locally and/or sporadically important. How
ever, Salmonella spp. are not specifically pathogens of young cattle and when 
infections arise they tend to be clinically different from classic neonatal calf 
diarrhea. 

Viruses. Over the last decade, a great deal of knowledge has accumulated 
regarding enteric virus infections in young animals. Of these, rotavirus infec
tion in young calves is the most significant and has aroused much interest. 
At the present time it is considered a common cause of diarrhea in calves. 
However, there is some doubt whether or not this virus is able per se to cause 
severe diarrhea and death. It has been suggested that it is likely to act in 
concert with other organisms such as E. coli. Clearly, this may be so, but it is 
equally possible with further work that more pathogenic strains of the virus 
will be discovered. Other viruses found in diarrheic calves are corona, astro 
and parvoviruses. This subject has been reviewed by Woode (1976) and Blood 
et al. (1979). 

Other causes. Many vetednarians feel that quite apart from the infectious 
diarrheas, there are other causes which arise from faulty feeding and manage
ment. While this may be so, it should be emphasized that until the infectious 
agents involved in calf diarrhea are better defined, "other causes" are prob
ably better considered as possible predisposing factors. 
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Pathogenesis 

Colisepticemia results from systemic invasion usually by one single E. coli 
serotype. The portal of entry may be the nasopharyngeal mucosa, the intesti
nal tract or perhaps the umbilicus. Rapid collapse ensues, usually followed by 
death; both events are probably due to the effects of bacterial endotoxin. 

Enterotoxic colibacillosis is caused by enterotoxin-producing serotypes 
located in the small intestine. While anterior proliferation of these organisms 
occurs and the pathogens adhere to the intestinal epithelial cells, there is no 
systemic invasion. The pathological and physiological effects of enterotoxin 
have been studied and it is known that damage occurs to the intestinal 
epithelial cells of the villi, resulting in fluid and electrolyte loss and diarrhea. 
If the damage is extensive, severe systemic effects arise such as dehydration, 
electrolyte imbalance and acidosis; if death occurs it is probably the result of 
acute cardiovascular collapse (Blood et at., 1979). 

In general, the pathophysiological effects of rotavirus infection are similar 
to those described above, except that severe diarrhea and death do not usually 
occur in experimentally infected calves. Since rotavirus infection is generally 
associated with severe diarrhea under field conditions, the presence of other 
organisms may be required in order to exert severe pathogenic effects. There 
is some experimental evidence to support this view (Woode, 1976). 

Distribution 

Calf diarrhea is a major problem in all countries, particularly where there is 
an intensification of cattle enterprises. Severe losses may occur sporadically in 
ranch cattle, however, and although largely undefined, the importance to the 
small farmer or in traditional farming systems must not be underestimated. 

Epidemiology 

Colisepticemia is a sudden-onset, short-duration and usually fatal disease of 
calves less than 5 days old. It is the classic cause of death in colostrum
deprived calves or in colostrum-fed calves which have failed to absorb immu
nologically adequate amounts of immunoglobulin. It is rarely the sole, or 
major, problem on a farm unless there are outstanding managemental factors 
to account for widespread agammaglobulinemia in the young calf population. 
Usually, colisepticemia occurs in a calf when most of its group are suffering 
from varying degrees of neonatal diarrhea; thus, other aspects of its epidem
iology closely parallel that of calf diarrhea. 

The classic calf diarrhea syndrome (" acute undifferentiated diarrhea") 
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occurs only in calves less than one month of age and usually in calves 
between 5 and 12 days. It has a pronounced seasonal incidence, although this 
is more likely a reflection of distinct seasonal calving patterns in both beef 
and dairy herds in most parts of the world. Nevertheless, there are some 
indications that neonatal calf diarrhea is particularly prevalent during pro
longed periods of inclement weather. The problem usually increases as the 
calving season proceeds and is particularly obvious when the same calf 
accommodation and/or calving area is used throughout the season. 

Apart from the effect of infection build-up when large numbers of highly 
susceptible and sick calves share the same area, the other major factor in the 
epidemiology of neonatal calf diarrhea is individual variation in the post
colostral serum immunoglobulin concentrations. When calves have maximal 
concentrations of serum immunoglobulin, the effects of infection build-up are 
of little or no practical consequence. The health and fate of a newborn calf 
during the first month of life is directly related to how much immunoglobulin 
it absorbs from its dam's colostrum (Gay et al., 1965). Most of the long
recognized epidemiological features are explicable on immunological grounds. 
Perhaps the most important single determinant is how a calf first obtains 
colostrum. Under relatively intensive dairy farming conditions in Britain, a 
calf first obtaining colostrum from a pail stands three times the chances of 
dying from calf diarrhea than a dairy calf obtaining colostrum by natural 
suckling (Selman, 1973). Feeding colostrum from a pail is such an inefficient 
method that on farms where it is practiced during the winter housing period, 
very few calves are produced which are anything other than agamma or 
markedly hypogammaglobulinemic (Selman et af., 1971 b). The ramifications 
of this single phenomenon are striking in parts of Scotland where traditionally 
colostrum was fed by pail during the winter and suckling was allowed during 
the summer. A marked seasonal decline in mean calf immunoglobulin levels 
occurred when winter housing (hence indoor calving) commenced, followed 
by an abrupt rise in mean values immediately when the cows went to grass 
for the summer (McEwan et al., 197Gb). Thus, the period of highest neonatal 
calf morbidity and mortality occurred at a time when resistance was lowest 
and pathogenic challenge was probably greatest. Similarly, various surveys 
have shown that morbidity and mortality are greatest in indoor-born calves 
(particularly when their dams were neck-tied) and lowest in field-born calves. 
Significant differences have been shown to exist between the mean serum 
immunoglobulin concentrations of calves, depending on where they were 
born. This is demonstrable by comparing calves born to neck-tied dams in 
byres or stanchions and calves born in loose boxes, where suckling is much 
more likely to occur. 

Breed factors slightly affecting the efficiency of colostral immunoglobulin 
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absorption are not of practical significance. However, breed differences in 
susceptibility to calf cliarrhea have been described with Friesian or Holstein 
calves being far more resistant than Ayrshire or Channel Island breeds. A 
true breed resistance appears to exist even in colostrum-deprived calves 
although it often merely represents differences in management techniques 
(Selman et at., 1971 b). There is no reliable information suggesting that sex 
differences exist in susceptibility to calf diarrhea. 

Finally, a host of other possible predisposing factors have been described or 
suggested such as inclement weather, infrequent feeding, milk either too hot 
or too cold, fatigue, poor housing, and draughts. Little effort or progress has 
been made in confirming their significant importance. It does seem, though, 
that certain types of milk substitute may give rise to diarrhea and, while 
detailed data is not available, many workers feel that raw cows' milk is less 
likely to cause trouble than certain powdered substitutes. 

Clinical signs 

Calves with colisepticemia often die so quickly that clinical signs are not 
observed. If calves are examined they are usually rapidly deteriorating and 
often unable to stand. Diarrhea is minimal or absent. In the rare event of 
such a calf living for one or two days it will be febrile (104-106 OF), dull and 
anorexic; frequently it will have one or more swollen painful joints and may 
even be showing signs of meningeal irritation and intra-ocular abscessation. If 
calves do survive, they commonly develop a chronic polyarthritis. 

Clinical signs exhibited by calves with neonatal diarrhea depends on the 
severity of the problem. Mild cases continue to drink milk and usually 
recover within one to three days. Their feces are yellowish in color, probably 
loose rather than fluid, smell of sour milk but usually do not contain blood or 
mucus. Fever is rarely a feature. 

In severe calf ciiarrhea, the animal is usually either sternally or laterally 
recumbent; it usually has a dry muzzle and mouth although thick saliva may 
cover the chin; its eyes are sunken and the skin is inelastic. Most often, 
although this varies markedly, the calf is uninterested in or unable to take 
milk. There is a very distinct smell from the feces which are often passed 
continually with a marked fecal staining of the tail and hindquarters. It is not 
common for the feces to be blood-stained but often there is a great deal of 
mucus in the feces. Straining quite often occurs along with the occasional 
passage of flatus. There is no fever in classic neonatal calf diarrhea. 

The mortality rate varies enormously from one outbreak to another but in 
general at least 30 % of severe cases die. A careful examination will often 
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reveal cardiac arrhythmia, tachypnea and hyperpnea, all of which are due to 
the severe metabolic acidosis. 

Calves which recover from the severe form of the disease are often dull, 
partially anorexic and chronically diarrheic for several weeks. This leads to 
stunting of growth and frequently calves are prone to respiratory disease in 
later months. Commonly, such calves lose all the hair from the tail, hind
quarters and lower hind legs, which are stained with feces. 

Pathology 

In calves which have died of colisepticemia, the carcass may appear to be in 
fairly good condition and there is usually little or no evidence of diarrhea. 
Frequently, there are no significant abnormalities to be found on gross exam
ination of the viscera, although splenic enlargement may be seen and pete
chiation can sometimes be found on the spleen epicardium and thymus. The 
carpal and tarsal joints often contain excessive amounts of fluid, sometimes 
containing fibrin clots. 

Apart from fecal staining of the skin and marked emaciation, the post 
mortem findings are not dramatic in a calf which died from neonatal diarrhea. 
The bladder is usually distended with urine. The small intestine in an animal 
examined within an hour or two of death, is not discolored and a close 
examination of the lining reveals no ulcers, hemorrhages or any other abnor
mality. Careful histopathological examination may reveal distortion and stunt
ing of the intestinal villi and morphological abnormalities of their epithelial 
covering, but it should be emphasized that such changes (i.e., in both ente
rotoxic colibacillosis and rotavirus infection) have generally been described 
only in experimental cases. 

1m m U 11f' rf'spOI1Sf' 

Calves which develop colisepticemia have little or no circulating (colostral) 
immunoglobulins. Their particular problem is a lack of IgM. Since it is not 
possible to produce colisepticemia experimentally in calves over 5 days of age 
(even when such calves have been deprived of colostrum) it is assumed that 
by this time they have formed enough IgM to withstand challenge with an 
invasive strain of E. coli. 

The situation in neonatal diarrhea is complicated. It has been recognized for 
many years that if calves absorb maximum quantities of colostral immuno
globulins and thereby attain a high level of circulating, passively-derived 
immunoglobulin, they are likely to survive the neonatal period. They are not 
necessarily protected from diarrhea, however, only its harmful physiological 
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effects. Since the dominant immunoglobulin in cow colostrum is IgG since it 
is also (given optimal conditions) the specific immunoglobulin which attains 
maximum concentration in a calfs serum, and in view of the fact that a high 
correlation exists between the level attained and the likelihood of death from 
diarrhea, IgG is considered to be the important immunoglobulin in the 
neonatal calf. It probably acts in the small intestine following re-excretion 
from the systemic circulation until such time as the calf in capable of 
manufacturing its own local antibody (i.e., at ·around 3-4 weeks of age). 

It is important, however, to understand that this concept of the role of IgG 
is mainly based upon studies involving total immunoglobulin absorption. 
Specific investigations with enterotoxigenic strains of E. coli and antibodies 
against them are largely lacking and the relatively few studies which have 
been carried out with rotavirus infections have produced variable results 
(McNulty et al., 1976). 

LaboratOlY aid to diagnosis 

The proper laboratory investigation of calf diarrhea is both expensive and 
highly technical. The results are disappointing due to therapy prior to sam
pling, among other things. Since colisepticemia usually is rapidly fatal, confir
mation of diagnosis is generally limited to the isolation of E. coli from the 
blood of the heart, spleen, liver and kidney of a fresh and unheated cadav
er. 

Prior treatment with antibiotics often results in negative findings. The 
demonstration of specific (enterotoxigenic) serotypes of E. coli and identifica
tion of rotavirus (or other viruses) is possible by both electromicroscopical or 
fluorescent antibody techniques. However, in the absence of a properly con
ducted background (farm) investigation it is rather naive to assume that the 
demonstration of either of these agents is proof that they were the causal 
organism, particularly since their presence may sometimes be established 
following an examination of stools from non-diarrheic calves. Mixed infec
tions are also said to be relatively common in calves (Blood et al., 1979) and 
this emphasizes the importance of a comprehensive investigation if any inves
tigation is to be carried out at all. 

Prevention and control 

In ranch-type (beef) cattle, the prevention of calf diarrhea largely rests upon 
the avoidance of regular calving areas, the provision of shelter whenever 
possible for young calves, and the removal of cows and calves to extensive 
pasture as soon as possible after calving to reduce pathogenic challenge to a 
minimum. Under certain conditions, however, it is recognised that these 
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precautions may not be easily possible. If large-scale outbreaks arise in any 
one year, attempts should be made to identify the causal organism(s), if local 
circumstances make this possible, in order that specific prophylactic measures 
may be attempted in subsequent calving seasons. This has been the basis of 
rotavirus diarrhea control using live oral vaccine (Mebus et al., 1972), 
although the successes of this particular exercise have been seriously ques
tioned by certain workers mainly on matters of statistical interpretation of epi
demiological data (Blood et al., 1979). Other attempts to prevent calf diarrhea, 
using a variety of different vaccines for both dam and calf vaccination (Blood 
et al., 1979), are still considered experimental studies. However, dam vacci
nation as a means of boosting specific colostral immunity, appears to be very 
attractive for use in ranch cattle since the majority of calves (ca 75 %) 
probably attain reasonably high post-colostral serum immunoglobulin levels. 

In dairy herds, there is easy access to newborn calves; therefore, it is 
possible to increase the amount of colostral immunity absorbed by the new
born through the careful management of calving cows and newborn calves 
described earlier'. In addition, it should be possible to decrease pathogenic 
challenge by regular disinfection, batch-rearing and by using different calf 
accommodations for different groups of calves. However, these exercises 
significantly increase the work-load of the animal attendants. The simple zinc 
sulfate turbidity test (McEwan et al., 1970a) is a valuable means of indicating 
to farmers just how efficient their colostrum feeding techniques are. Again, 
when circumstances permit, attempts should be made to identify the organ
isms which are involved in an outbreak so future prevention attempts are 
specific. Dairy farm results under temperate conditions, however, suggest that 
a major problem confronting those who advocate dam vaccination is the 
relatively poor immunoglobulin absorption. Dam vaccination is therefore only 
worth considering if the animal attendants are consistently producing high 
colostral immunoglobulin absorptions in young calves. If this can be arranged, 
the problem is often overcome anyway. 

Perhaps the most common approach to the prevention of calf diarrhea is 
the oral administration of antibiotics. In many cases, this does not appear to 
be of great benefit even when based upon an in vitro sensitivity test. Other 
workers claim benefits from dosing calves with freeze-dried lactobacilli in an 
attempt to confine E. coli to the lower alimentary tract. The use of new milk 
substitute formulations (" acid" milk) presumably has similar aims. 

The therapy of neonatal calf diarrhea is discussed by Blood et al. (1979), 
who emphasize the tremendous lack of aaequately controlled therapeutic 
trials. Most of the work and opinions which are cited are totally unacceptable 
by current scientific standards and almost all seem to ignore the basic truth 
that the major determinant in deciding whether or not a calf will recover from 
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diarrhea is its serum concentration of absorbed colostral immunoglobulin. The 
authors broadly subdivide the forms of therapy into (i) antimicrobial and 
immunoglobulin therapy, (ii) fluid and electrolyte replacement, (iii) other 
supportive therapy, and (iv) dietary considerations. However, they do not, nor 
does this author, advocate a single, foolproof, therapeutic regime. 

For many years, oral and parenteral antibiotics and other antimicrobial 
preparations have been the standard therapeutic procedure in calf diarrhea. 
Many claim successes but a major problem in the interpretation of this work 
is the general lack of epidemiological, clinical, immunological, etiological and 
statistical definition. Often such an approach fails. The administration of large 
volumes of bovine gammaglobulin intravenously has also been advocated but 
is difficult to administer under field conditions and is highly expensive. 

Fluid therapy (both oral and parenteral) is often recommended and is 
detailed by Blood et al. (1979). In general, the same criticism can be applied 
to this approach as to the administration of antimicrobials. It is tempting to 
suggest that with fluid and electrolyte therapy, severe cases might benefit but 
mild cases would improve without it. The value of fluid therapy has not been 
demonstrated convincingly. Blood transfusions are often carried out in 
diarrheic calves but intravenous administration is difficult under farm condi
tions and the collection of blood from a donor cow makes the whole process 
extremely time-consuming and costly. 

The use of such supportive drugs as intestinal protectants (e.g., kaolin) has 
traditional acceptance but little to commend it, other than that. Many other 
drugs have also been claimed as effective but on very little sound evi
dence. 

Dietary considerations basically revolve around whether or not to feed milk 
to diarrheic calves. On balance, it would seem that mildly diarrheic calves 
should still get milk in reduced quantities for a few days; more severely 
affected animals, which are nevertheless still interested in drinking (or suck
ling), should get an oral electrolyte preparation. It is fair to say, however, that 
there have probably been more arguments about this last point than about 
any other facet of calf diarrhea. 

The calf pneumonias 

Etiology 

Many of the comments which have already been made regarding the etiology 
of calf diarrhea could also be made about calf pneumonia. A huge array of 
many different types of micro-organisms have been isolated from both pneu-
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monic and non-pneumonic calf lungs and over the years a large number of 
these have been suspected of being causal organisms. Unfortunately, the 
common failure of many of these organisms to produce pneumonia under 
experimental conditions has led to suggestions that the problem is multi
factorial and that either several different agents have to be present together to 
set up severe lesions or that environmental factors are of major importance. 
Even a cursory investigation of a number of outbreaks, however, will reveal 
that epidemiological, clinical and pathological differences do exist. The prob
lem is much more likely to be made up of a number of distinctly different 
syndromes which might even be caused by different etiological agents. 

In order to restrict this discussion, only those pulmonary syndromes of 
non-parasitic etiology will be dealt with and, unless otherwise stated, the 
account will be limited to pneumonias of indoor calves. 

Bacteria. Of the large number of bacteria which have been isolated, only 
Pasteurella haemolytica and P. multocida, Haemophilus spp. and Actinobacillus 
actinoides have been tested experimentally for their ability to produce pul
monary lesions in calves. All of these organisms have usually failed in this 
respect except when administered along with either para-influenza 3 (PI}) or 
infectious bovine rhinotracheitis (IBR) viruses. Nevertheless, P. haemolytica 
and P. multocida are still widely held to be primary lung pathogens. Early 
work with Haemophilus spp. also proved disappointing but recent studies have 
shown that I-I. somnus is capable of producing, among other things, severe 
pneumonia in experimental calves. 

Viruses. Over the years a wide variety of different viruses have been 
isolated from calf lungs; these include adenoviruses 1, 2 and 3, IBR virus 
(bovid herpes-virus 1), mucosal disease/bovine virus diarrhea (MO/BYO) 
virus, PI} virus, reovirus and bovine respiratory syncytial virus (RSY). In 
general, attention is gradually focusing upon two of these, PI} and RSY, since 
they appear to be widespread and able to bring about varying degrees of 
pulmonary disease in experimental calves. (lBR, infectious bovine rhinotra
cheitis, is a significant disease in cattle but is not generally considered to be a 
primary pulmonary disorder, nor does it appear to be a major clinical problem 
in young calves.) 

Chlamydia. While one severe outbreak has been attributed to chlamydial 
infection, the results of infection experiments have generally produced equiv
ical results. 

Mycoplasmas. A number of different mycoplasmas have been isolated from 
pneumonic and non-pneumonic calf lungs; of these, three are considered to 
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be of pathogenic significance, namely, Mycoplasma bovis, M. dispar and Urea
plasma sp. (T.-mycoplasmas) (Gourlay and Howard, 1978). 

As with calf diarrhea, many other factors are often inferred as causal but it 
seems much more likely that these are factors which predispose to the above, 
or other, infections. 

Pathogenesis 

Little is known about the pathogenesis of the infectious pneumonias of calves 
since experimental infections are often unsuccessful. It seems likely that 
infection is acquired by inhalation and that subsequently colonization of the 
lung initia11y occurs in the bronchial and bronchiolar epithelium and later to a 
varying degree within the lung substance. It is often suggested that coloniza
tion is aided by environmental factors such as high atmospheric ammonia 
levels interfering with the normal clearance mechanisms. Sometimes, in cer
tain types of pneumonia (e.g., .. cuffing" pneumonia, which is probably of 
mycoplasmal origin), it seems likely that a massive cellular host response 
(cuffing) around infected small airways exacerbates the effects of the micro
organisms. The clinical course of many pneumonias is such that it is almost 
impossible to avoid the conclusion that secondary bacterial infection is 
responsible for a sudden severe deterioration; however, evidence to support 
this view is not overwhelming. 

Distribution 

Wherever cattle units have been intensified, particularly where this means 
keeping young stock indoors or in close confinement, the prevalence of calf 
pneumonia is likely to be high. 

Epidf'miological, clinical and pathological features 0/ pneumonia in young 
calves 

Several different respiratory syndromes may be encountered in young calves 
but the etiology of most of them is not understood. It is probably best to 
consider them in epidemiological, clinical and pathological terms and there
after to discuss their possible cause(s). Detailed discussions regarding the 
pathological features of several of these syndromes have been presented by 
Pirie (1978). Basically, the calf pneumonia syndromes can be initially divided 
into three basic types: (i) chronic and (ii) acute pneumonias of high morbidity 
and variable mortality, and (iii) a persistent and often progressive chronic 
pneumonia of individual calves. 
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Chronic pneumonias. In countries where groups of young calves are housed 
together for a few months after weaning, it is common for a relatively 
low-grade pneumonia to arise around 4 to 6 weeks of age and to persist in 
individuals for at least two months. The disease does not usually give rise to 
marked dullness, anorexia, or obvious weight-loss but is characterized by 
widespread coughing and often marked tachypnea (the respiratory rate may 
range between 60 and lOa/min). Often several exacerbations occur within an 
affected group during the period of illness, as evidenced by an increase in 
coughing. Fever is uncommon and generally auscultation reveals only harsh 
respiratory sounds although occasionally there may be squeaks in the antero
ventral parts of the thorax. Usually (and particularly if the stocking-rate is 
relatively low and ventilation is good) the problem is no worse than this and 
recovery may occur in about 2 months, although occasional coughing may 
persist in some calves for much longer than this. Under less favorable envi
ronmental conditions (sometimes it would appear to be when sudden cold 
and/or damp spells of weather occur) the condition of one or more of the 
calves may suddenly deteriorate. It becomes dull, anorexic and febrile; respi
ratory signs worsen and the calf may become grossly dyspneic, with mouth 
breathing, "air-hunger" and an expiratory grunt. It may even die within a 
day or so. 

The milder condition described first has been termed" cuffing pneumonia" 
due to the presence of a marked lymphocytic cuffing reaction around the 
smaller airways, particularly in the apical, cardiac and anterior diaphragmatic 
lung lobes. Macroscopically, most of the lung appears to be normal and the 
lesions are localized to the aforementioned areas, which are consolidated and 
usually of a dark plum-red color. It is now thought that such lesions arise as 
the result of infection with either M. dispar or Ureaplasma spp. When the 
lungs of a calf which has undergone sudden deterioration are examined, the 
lesions are usually far more widespread and more dramatic with areas of 
congestion and severe inflammation with or without suppuration. Occasion
ally necrotic areas may also be present. There may also be acute pleurisy. 
This is usually termed acute bronchopneumonia and is always considered the 
result of secondary bacterial infection superimposed upon the mycoplasmal 
pneumonia. Sometimes Pasteurella spp. are isolated from such a calf, particu
larly when the post-mortem picture is more indicative of an acute exudative, 
interstitial pneumonia. 

An occasional calf may also progress from either of the above syndromes 
into a chronic respiratory syndrome from which recovery does not commonly 
occur. The calf loses weight, develops a persistent cough and an often mild 
degree of respiratory distress. This arises as the result of a chronic suppurative 
pneumonia with or without lung abscessation and bronchiectasis. 
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The lesions are based mainly in the anterior lobes of the lung and bacter
iological findings are varied. 

Cuffing pneumonia and its sequelae can be seen in beef calves running 
with their dams, particularly when they ate housed or sheltered with them 
during the winter. Usually the syndrome is far less dramatic than when large 
groups of similarly-aged calves are housed together. Occasionally, the cuffing 
pneumonia syndrome may be seen in older calves, for example when weaned 
beef calves are housed or penned closely together, but evidence that this IS 

etiologically similar to cuffing pneumonia is lacking. 

Acute pneumonias. An acute, febrile pneumonia producing dullness, anorex
ia, a persistent cough and often severe respiratory distress may occur in calves 
3 to 4 weeks of age which have been affected with severe neonatal calf 
diarrhea. It is not uncommonly fatal, and lesions such as those already 
described (i.e., an acute exudative or bronchopneumonia) are usually found. A 
mixed bacterial flora is present and it is assumed that the problem arises 
mainly as the result of hypostatic congestion following prolonged recumbency 
during the diarrheic illness. 

In older calves, acute, severe pneumonias may arise in the absence of a 
pre-existing coughing (" cuffing pneumonia ") syndrome (Bryson et al., 1979). 
Often this type of outbreak is heralded by several very sick calves, some of 
which die within a very short time. Some affected calves may be febrile and 
usually are grossly dyspneic; there is some coughing and auscultation may 
reveal areas of crackling in the dorsal, diaphragmatic lung areas. A small 
portion of these calves may develop subcutaneous emphysema. Recovery may 
be prolonged in those calves which do not die and some may progress to 
chronic suppurative pneumonia. Coughing usually arises in the other mem
bers of the group over the period of the incident and persists for some 
weeks. 

Post-mortem examination of fatal cases from this type of outbreak reveals 
widespread pneumonic changes. Lesions range from severe congestion, con
solidation, inflammation and acute bronchopneumonia, to severe interstitial 
emphysema and other changes typical of the acute respiratory distress syn
drome (Pirie, 1978) such as pulmonary edema, hyaline membrane formation 
and even alveolar epithelial hyperplasia. Such a syndrome is generally consid
ered to be due to infection with one of the respiratory viruses, particularly PI} 
or RSV, along with secondary bacterial infection. Many workers now consider 
RSV to be the specific cause of the acute respiratory distress syndrome 
(atypical interstitial pneumonia) in calves. 

Acute pneumonias may sometimes arise in outdoor ranch-type (beef) 
calves particularly during periods of inclement weather. These may be acute 
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bronchopneumonias or acute exudative, interstitial pneumonias. 
Finally, it must be emphasized that acute, febrile pneumonias commonly 

arise (apparently without prior coughing) soon after calves are moved indoors 
or to more confined quarters. This is often, but not exclusively, seen in 
weaned beef calves. Such pneumonias may be rapidly fatal but more com
monly they affect a relatively large number of calves to a varying degree, 
most of which recover (with appropriate treatment) within a few days. Post
mortem findings may reveal acute bronchopneumonia but much more com
monly a severe exudative interstitial pneumonia is present. The syndrome is 
usually termed" transit" or "shipping" fever and is generally assumed to be 
due to infection by Pasteurella spp. probably subsequent to viral invasion. 
This is not always the case, however, even when so-called" typical" histopa
thological lesions are present (Pirie, 1978). 

Immune response 

An antibody response may occur, particularly with the pneumonias in which 
virus infections are etiologically involved. This reaction may be exploited for 
diagnostic purposes which involves the examination of serum samples from 
all or a portion of the affected or in-contact animals. Usually the samples are 
taken when the incident arises (acute sample) and three or four weeks later 
(convalescent sample). Such an approach is particularly useful in those out
breaks which may be due, for example to PI3 or RSV infection. While a 
serological response is likely to occur with other forms of calf pneumonia 
(e.g., in mycoplasma infections) this is not looked upon as a useful diagnostic 
test at the present time. The tremendous cellular (lymphocytic) response 
around infected bronchioles in cuffing pneumonia has already been men
tioned. 

LaboratolY aids to diagnosis 

Since the basic etiology of many of the calf pneumonias is still in doubt, any 
laboratory aids to diagnosis must be looked upon as investigational research 
at the present time, although this is not the thinking in certain countries. 
Nevertheless, in addition to clinical and epidemiological studies, any proper 
investigation of a calf pneumonia problem should include detailed post
mortem investigations and microbiological studies. The examination of nasal 
swabs from members of the affected group is of doubtful value and if paired 
serological samples are examined, this should be done on identified individu
als and on a large enough scale to make it statistically acceptable. 
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Prevention and control 

In the light of current knowledge, it would seem that with intensification of 
calf enterprises, respiratory disease of one form or another is almost inevita
ble. Problems can, however, often be minimized by the proper design of new 
calf accommodation and modifications to older buildings. The basic aim is to 
minimize temperature fluctuations, decrease relative humidity and promote 
an acceptable air-change rate without giving rise to particularly draughty 
conditions (at least in small calf accommodation). To this end, it is best to 
obtain specialist advice at the design stage or prior to any structural changes. 
However, systems which involve the sudden introduction of large numbers of 
immature cattle into buildings are likely to give rise to respiratory problems 
no matter how good the buildings are. While it is not possible with young 
calves, it is advisable to graze mixed groups of weaned beef calves together 
for a week or two prior to housing. 

With the exception of IBR and possibly RSV, there is no convincing 
evidence available at the moment that vaccination against the so-called respi
ratory pathogens is of any great value and some studies have indicated their 
total worthlessness (Stott et al., 1978). New vaccines against certain respira
tory viruses are always being developed and the situation may change over 
the next few years. 

In a "cuffing pneumonia" type of problem, treatment is necessary only if 
individual calves become ill or if coughing reaches severe proportions. A 
successful regime for either individual or group therapy is a large dose of 
oxytetracycline administered intravenously on the first day followed by large, 
intramuscular doses once daily for the following two or three days. Usually, 
one course of treatment suffices. In fact, the above regime is suitable at least 
as an initial course of treatment for the vast majority of pneumonias in 
immature cattle and while the administration of intravenous oxytetracycline 
might be looked upon as unnecessarily time-consuming, the clinical effects of 
such an approach make it worthwhile. Some workers also recommend the 
coincidental administration of either intramuscular corticosteroids or a cardio
respiratory stimulant such as aminophylline. The use of an antibiotic such as 
oxytetracycline as a water, milk or food supplement is also a commonly
adopted prophylactic or therapeutic approach in certain countries and appears 
to be of use, particularly in the less-severe syndromes. Sulfonamides may also 
be administered to pneumonic calves in a similar manner. 
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40. ACTINOBACILLOSIS~ 
ACTINOMYCOSIS 9 NOCARDIOSIS, 
EPER YTHRO ZOONOSIS, 
HEMOBARTONELLOSIS, AND 
TRICHOMONIASIS 

J.P. Kreier and I.E. Selman 

Abstract. Actinobacillosis is a relatively common, but usually sporadic disease of adult 
cattle, caused by the Gram-negative bacterium, Actinobacillus /ignieresi. The lesions are 
often found in soft tissues around the head and neck, particularly in the oral cavity 
and pharynx. Lesions, which consist of granulation, suppuration and fibrosis, spread 
via the lymphatics. Occasionally, the disease may arise in the skin, lymph nodes and 
body cavities. Treatment with streptomycin is usually highly effective in all forms of 
the disease. 

Actinomycosis, a common sporadic disease of adult cattle, is caused by the Gram
positive organism Actinomyces bovis and usually arises in hard tissues, particularly the 
mandibles and maxillae. Spread of the disease is usually by extension or by the 
hematogenous route. Except for the difference in tissues affected, the pathological 
features of actinomycosis are virtually identical to those described for actinobacillosis. 
Treatment is only occasionally successful. 

Nocardiosis is a relatively common, usually benign, sporadic disease of cattle in 
tropical areas. While there is some controversy as to the actual cause, it is generally 
believed that the Gram-positive organism, Nocardia farcinica, is the causative agent. 
Infection is thought to arise via skin abrasions and, in some countries, ectoparasites 
are considered of prime importance in induction of infection. Clinical signs are subcu
taneous swellings and, in some cases, eventually marked lymphadenopathy; some
times the disease progresses further. Pathologically, the disease is characterized by 
granulation, suppuration, fibrosis occasionally with caseation and calcification; thus, it 
may be confused with tuberculosis. To date, no effective treatment has been devel
oped. 

Eperythrozoonosis and hemobartonellosis of cattle are infections caused by EpelY
throzoan wenyoni and Haemobartonella bovis, respectively. In general, infection with 
these microorganisms does not result in any clinical disorder. Anemia may rarely 
occur following primary infection of susceptible cattle, particularly if the animals are 
debilitated by poor nutrition or concurrent disease. As the parasites are spread by 
biting arthropods, their control will coincidently aid in control of these parasites. 
Because the parasites are generally not the cause of disease, however, treatment is 
usually unnecessary. If treatment should be desired, these parasites are suceptible to 
the action of tetracyclines and arsenicals. 

Bovine trichomonal abortion is caused by Tritrichomonas foetus. Infection is com
mon in many areas of the world and the means of spread is sexual intercourse. Bulls 
become carriers of the parasite but generally show no disease. Cows bred by infected 
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bulls will usually abort early in gestation. The fetus may die and not be expelled, in 
which case pyometria may develop. Prevention by elimination of infected bulls and 
rigid control of breeding stock into the herd is the best course of action for the 
herdsman to follow. Metronidazole (Flagyl, Seale & Co.) can be used to treat infected 
cattle and, if given properly, will sterilize the infection in carrier bulls. 

Actinobacillosis 

Synonyms: timber-tongue, wooden-tongue. 

The disease 

Actinobacillosis is a relatively common but usually sporadic disease of adult 
cattle caused by the Gram-negative bacterium, Actinobacillus lignieresi. The 
lesions are usually in soft tissues around the head and neck but particularly in 
the oral cavity and pharynx. The lesions consist of granulation, suppuration 
and fibrosis and spread via the lymphatics is common. Occasionally, the 
disease may arise elsewhere such as in the skin, lymph-nodes and body 
cavities. Treatment with streptomycin is usually highly effective in all forms 
of the disease. 

Etiology 

The causal agent is Actinobacillus lignieresi, a bacterium which, on primary 
isolation, appears as a small 0.2 X 0.4 11m) rod-shaped organism, although 
marked pleomorphism may occur. It is Gram negative and sometimes shows 
bipolar staining. For more detailed information regarding the morphological, 
cultural, biochemical and antigenic properties of this bacterium, the reader is 
directed to the work of Soltys (963). 

Pathogenesis 

Actinobacillus lignieresi is a common inhabitant of the normal alimentary tract 
and it is generally accepted that it gains access to tissues through breeches in 
the epithelial lining such as occur following trauma, ulceration or the erup
tion of permanent teeth. 

The primary lesion is a small purulent focus which gradually enlarges and 
extends, sometimes with the formation of discharging ulcers. Later, there may 
be extensive development of granulation and fibrous tissue containing pockets 
of pus which is usually thick, yellowish-green in colour and contains small 
(0.4 mm diameter) granules. The associated lymph-nodes are usually also 
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affected and may show marked enlargement, sometimes with sinus-forma
tion. 

Actinobacillus lignieresi shows a marked predilection for soft tissues. Lesions 
are usually in (or on) the head and neck but cases may be encountered in 
which affected areas are elsewhere on the skin, in lymph-nodes or within the 
thoracic or abdominal cavities. Very occasionally, the organism may invade 
bony structures and give rise to signs and lesions virtually indistinguishable 
from actinomycosis. 

Distribution 

Actinobacillosis has a worldwide distribution. 

Epidemiology 

Actinobacillosis (in all its clinical forms) is mainly a disease of young adult 
cattle with most cases arising in cattle between one and three years of age. 

Cases are usually sporadic but multiple cases may arise locally. The age of 
cattle with the disease strongly suggests that the eruption of permanent teeth 
often creates the conditions which are necessary for the organism to penetrate 
sub-epithelial tissues. Ulcerative disease, such as foot-and-mouth disease, 
may also allow for invasion by the bacterium. Abrasive foodstuffs may be of 
importance in this respect. Ectoparasites have sometimes been suspected as 
predisposing to cutaneous actinobacillosis. 

Clinical signs 

The classic form of actinobacillosis is "wooden tongue". In this form of the 
disease, the affected animal is often a heifer or young cow and the history is 
of oral discomfort and drooling of saliva for several days, coupled with rapid 
weight-loss. 

On closer examination, the animal's tongue may be seen to protrude from 
the mouth; on palpation it is enlarged and diffusely hardened. Sometimes 
discharging ulcers may be found on the sides of the tongue. Frequently, the 
intermandibular space is swollen and hard and the sub-mandibular Iymph
nodes are enlarged. Enlargement of the retropharyngeal lymph-nodes 
sometimes occurs and when present, leads to dyspnoea with respiratory 
stertor (snoring). Drooling of saliva is a very striking feature, particularly of 
early cases. 

Other forms of the disease may be encountered which are usually not 
associated with the classic (lingual) syndrome. 
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Cutaneous actinobacillosis may give rise to lesions anywhere on the body 
although in most cases the lesions are on the head and neck. Usually, the 
affected areas are hairless and the lesions are either thick cutaneous plaques 
or sub-cutaneous nodules. In most cases the affected sites are painless and 
the associated lymph-nodes are enlarged. Discharging sinuses may arise from 
sub-cutaneous or lymph-node lesions. If the lesions involve the muzzle it is 
quite common for facial distortion to be present. 

Actinobacillosis may also cause lymphadenopathy in the absence of any 
other obvious lesions. In such cases marked lymph-node enlargement occurs 
in a random (non-symmetrical) fashion and affected nodes may discharge 
pus; sometimes the discharging lymph-nodes are painful. The signs in such 
cases depend on the site and size of the affected nodes; hence, the syndrome 
may be upper respiratory distress (enlarged retropharyngeal nodes), chronic 
ruminal tympany (enlarged mediastinal nodes) or asymmetrical, but wides
pread, lymphadenopathy. Involvement of the viscera, and in particular the 
esophageal grove, may give rise to chronic ruminal tympany. Rarely, lesions 
may be found in the liver. 

Pathology 

Irrespective of site, the basic lesion of actinobacillosis is a granulomatous 
process with suppuration and fibrosis. The granules which may be seen on 
microscopic examination of pus are found on careful examination to be 
masses containing the causal organism surrounded by rosettes of club-like 
structures. The true nature of these club-like structures is still in doubt. 

Occasionally, necrotic foci are also to be found. 

Immune response 

Little is known about the immune response to Actinobacillus lignieresi. 

Laboratory aids to diagnosis 

Clinical diagnosis rests upon the examination of pus. In cases of actinobacil
losis this examination will reveal relatively small granules (i.e. compared with 
those found in actinomycosis). The demonstration and identification of the 
causal organism using the Gram stain will confirm the diagnosis. Serology is 
not a useful technique as yet in the identification of Actinobacillosis lignieresi 
infection in cattle. 
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Prevention and control 

Usually, actinobacillosis is such a sporadic disease that prevemion techniques 
are not worth consideration. If it occurs locally with high frequency then it is 
essential to attempt to define (and then to correct) those factors which have 
encouraged it to assume an unusually high prevalence. Extremely coarse 
fodder, for example, could be replaced with less coarse feed. 

The treatment of actinobacillosis in cattle is dealt with in detail by Blood 
and Henderson (1979). Basically, the organism is sensitive in vivo to a wide 
range of sulfa-drugs, antibiotics and also to potassium or sodium iodide. The 
drug of choice would appear to be streptomycin given at the rate of 5 g/day 
for three days and repeated if necessary. 

Actinobacillosis as a zoonosis 

Infection has been recorded in man (Soltys, 1963). Infection from animals 
should be regarded as a hazard, and due care should be taken when handling 
diseased animals, tissues and preparations. 

Actinomycosis 

Synonym: lumpy-jaw. 

The disease 

Actinomycosis is a relatively common sporadic disease of adult cattle. It is 
caused by the Gram-positive organism Actinomyces bovis. The disease usually 
arises in hard tissues, particularly the mandibles and maxillae and when it 
occurs, spread is usually by extension or by the hematogenous route. The 
pathological features of actinomycosis are virtually identical to those described 
for actinobacillosis. Treatment is only occasionally successful. 

Etiology 

The causal agent is Actinomyces bovis, which is a slender, non-septate filamen
tous organism showing fine branching; it is Gram positive. Further informa
tion regarding this organism, including its classification, can be obtained from 
Soltys (1963). 

571 



Pathogenesis 

Actinomyces bovis has been isolated from the alimentary tract of normal cattle. 
It is thought that the organism invades the sub-epithelial tissues through 
abrasions, etc. 

The organism shows a predilection for hard tissue, particularly bones such 
as the mandibles and maxillae; the disease rarely spreads to associated lymph 
nodes. 

Distribution 

Actinomycosis has a worldwide distribution. 

Epidemiology 

Actinomycosis is usually a sporadic disease of mature cattle (i.e. over four 
years of age); it seems unlikely, therefore, that tooth-eruption is a common 
predisposing factor to infection. 

Clinical signs 

The classic form of actinomycosis is "lumpy jaw". The course of this disease 
is usually more protracted than that seen in actinobacillosis. A typical case 
involves a mature cow in which a mass on the upper or lower jaw has been 
noted for several weeks or months and which is now giving cause for concern 
due to distortio!1, dysphagia and drooling of saliva. 

Detailed investigation of the mass often indicates that it is painful and one 
or more discharging sinuses may be present. In upper jaw lesions there may 
also be signs of maxillary sinus involvement. In most established cases, an 
examination of the mouth will reveal that in the affected area there are either 
loose or missing teeth. Halitosis is common. Drooling of saliva and dysphagia 
are particularly obvious once the teeth become loose but" hypersalivation" is 
hardly ever as pronounced in cattle with actinomycosis as in cattle with 
actinobacillosis. Lymphnodes in the affected region are usually not markedly 
enlarged. 

On rare occasions, actinomycosis has been defined as a cause of a "wood
en-tongue-like" syndrome, chronic mastitis and also thoracic and abdominal 
disease. 
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Pathology 

The basic lesion in actinomycosis is virtually identical to that seen in actino
bacillosis usually with the added effect of destruction of bone and fairly 
widespread necrosis. The granules which may be found in pus from actino
mycotic lesions are usually larger than those found in pus from cattle with 
actinobacillosis and often measure 3 -4 mm in diameter; the granules are often 
referred to as "sulfur granules" 

Immune response 

Litt1~ is known about the immune response to Actinomyces bovis in cattle. 

LaboratOlY aids to diagnosis 

Diagnosis is made by examination of pus, " sulfur" granules, and pathological 
findings. Confirmation of diagnosis is by microbiological identification of A. 
bovis in the "sulfur granules". 

Prevention and control 

There are no known preventive methods for this disease which, in any case, 
is usually of a sporadic nature. 

Treatment is far less successful than is treatment of actinobacillosis. Sulfa
drugs and streptomycin appear to be the durgs of choice and some authorities 
even advocate surgical procedures such as curettage of infected sinueses. On 
occasions success has been claimed following the injection of antibiotics into 
the affected areas. However, established cases rarely respond to any treatment 
and the results of treating even early cases are often disappointing. 

Actinomycosis as a zoonosis 

The infection has been recorded in man so the comments made about 
Actinobacillus lignieresi are equally pertinent here. 

Nocardiosis 

Synonyms.' bovine farcy, tropical actinomycosis. 
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The disease 

This is a relatively common, and usually benign sporadic disease of cattle in 
tropical areas. While there is some controversy as to the actual cause, it is 
generally accepted that the Gram-positive organism, Nocardia farcinica, is the 
agent involved. Infection is thought to arise via skin abrasions and in some 
countries, ectoparasites are held to be of prime importance. The clinical signs 
are subcutaneous swellings and eventually, in some cases, marked lymph
adenopathy; someti mes the disease progresses further. Pathologically, the 
disease is characterized by granulation, suppuration, fibrosis occasionally with 
caseation and calcification; thus, it may be confused with tuberculosis. To 
date, no effective treatment has been developed. 

Etiology 

For many years, the cause of the disease was thought to be the organism 
Nocardia jarcinica but more recently some doubts have been cast upon this 
and it has been suggested that other similar organisms and also certain 
mycobacteria are of etiological significance. This question has been discussed 
in detail by Ainsworth and Austwick (1958) and Soltys (1963). 

The nocardia are Gram-positive filamentous organisms, showing irregular 
staining. Certain species are acid-fast. 

Pathogenesis 

Transmission is usually held to be via skin wounds and in some countries, 
ectoparasites (particularly ticks) are held to be of importance. 

Early lesions often found subcutaneously may be on almost any area of the 
body, but the head, neck and limbs are probably the most commonly affected 
areas. Lesions often coalesce and eventually spread via the lymphatics to the 
associated lymph-nodes. In some cases the disease may spread internally. 

Distribution 

Nocardiosis is widely recognized in tropical areas. 

Epidemiology 

The disease is usually seen only in adult cattle. 
Ectoparasites have been incriminated as mechanical vectors for many years 

on circumstantial evidence, mainly because lesions often arise in areas of 
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tick attachment. Lice, too, have been suspected as playing a part In the 
epidemiology of this disease. 

Clinical signs 

The earliest signs of the disease are single or multiple subcutaneous swellings 
on the inner surface of the legs, the head, neck or ears. These may remain 
static or, sometimes, finally disappear; however, in some cases they coalesce 
and eventually infection spreads to the associated lymph-nodes eventually 
giving rise to marked enlargement. Sinus formation and pus discharge do not 
occur. 

In many cases - even with marked lymphadenopathy - the health of an 
affected animal is not markedly impaired. 

Rarely, the disease will spread to other organs and it may also produce a 
chronic respiratory syndrome or even a chronic, indurating mastitis. 

Pathology 

The basic lesion involves granulation, suppuration and fibrosis. Caseation, 
and even calcification, may also occur. In India and Ceylon, the respiratory 
form of disese may be complicated by an ulcerative tracheitis. 

In many countries, nocardiosis is only considered to be of importance 
insofar as it sometimes resembles tuberculosis and therefore causes problems 
during meat inspection. 

Immune response 

Certain cases may become hypersensitive to bovine tuberculin. 
Attempts have been made to develop cutaneous and serological tests for 

diagnostic purposes (Blood and Henderson, 1979). 

LaboratofY aids to diagnosis 

In most cases, confirmation of diagnosis rests upon the demonstration of 
nocardia in material aspirated from affected areas or else in lymph-node 
biopsies. 

As yet, the cutaneous and serological tests referred to above are not widely 
used. 
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Prevention and control 

Prevention of nocardiosis in areas where it is a relatively common problem 
generally rests on control of those ectoparasites which are believed to be 
important in the spread of the disease. 

Many different approaches to treatment have been tried,but in most cases, 
results have been disappointing. 

Eperythrozoonosis and hemobartonellosis 

The diseases 

Microorganisms of the genera Epelythrozoon (Schilling) and Haemobartonella 
(Tyzzer and Weinman) infect a wide variety of animals including mice, rats, 
dogs, cats, swine, sheep, goats, and cattle (Weinman, 1944; Kreier and Ristic, 
1968; Gothe and Kreier, 1977). In most of these animals no clinical disorder 
results from infection of animals with their spleens in situ. The only epery
throzoa and hemobartonellae which are considered to commonly produce 
diseases of economic importance in intact animals are Epefythrozoon (Haemo
bartonella) felis and Eperythrozoon suis. The diseases caused by these microor
ganisms are feline infectious anemia of cats and icteroanemia or " anaplasmo
sis like disease" of pigs. There are scattered reports in the literature of 
diseases, characterized by unthriftiness and anemia, in sheep and cattle which 
were considered to be caused by eperythrozoa and hemobartonellae. 

Etiology 

The eperythrozoa found in cattle have been named Epefythrozoan wenyoni 
(Adler and Ellenbogen) and E. teganodes (Hoyte). The hemobartonellae found 
in cattle have been named Haemobartonella bovis (Donatien and Lestoquard), 
H. magma (Rodriquez), H. sergenti (Adler and Ellenbogen) and H. wenyoni 
(Nieschulz and Boz). Epefythrozaon avis (Nertz, Alexander and Dutoit) occurs 
in sheep (Kreier and Ristic, 1974). 

Eperythrozoa and hemobartonellae are hemotropic bacteria. They occur on 
or in erythrocytes and free in the plasma. In general, eperythrozoa are more 
loosely attached to the erythrocytes than are hemobartonellae and are there
fore more often observed free in the plasma. In Gram stained blood films 
prepared from animals undergoing acute, primary infection eperythrozoa and 
hemobartonellae stain purple-red. In general, hemobartonellae appear to be 
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rod shaped and are scattered over the surface of the red calls singly or in 
short chains while eperythrozoa are cocci which in dried, stained, blood films 
may appear to be small rings. 

Distribution 

Eperythrozoa and hemobartonellae occur worldwide. Wherever cattle are 
raised in Europe, Africa, Asia and the Americas these microorganisms have 
been found if searched for. 

Epidemiology 

Eperythrozoa and hemobartonellae are spread by blood sucking insects. Lice, 
fleas, and ticks have been implicated as biological vectors and horse flies 
(tabanids) as mechanical vectors. Transfer of fresh blood, for example, on 
needles used for bleeding several animals without cleaning in between, may 
spread the infection. 

Clinical signs 

Fever, depression, anemia apd loss of condition are the most common signs 
reported to occur in animals with clinical infection. Most infected cattle if 
otherwise healthy do not develop clinical disease. Carrier cattle, however, 
suffering from stress from other parasites or poor nutrition may develop 
obvious parasitemia, fever and anemia. Exacerbation of infection is particular
ly common in cattle suffering anaplasmosis, babesiosis, theilerosis, or other 
blood parasite infections (Merchant and Packer, 1967). 

Pathology 

The pathology in cattle with disease caused by these parasites is typical of 
that occurring in animals suffering from a hemotropic parasite. There is 
anemia, anisocytosis, macrocytosis and reticulocytosis. There may be leukocy
tosis and generally there is splenic enlargement (Schalm et al., 1975). 

Immune response 

The eperythrozoa and hemobartonellae establish an infection immunity in the 
animals they infect. Immune animals appear completely normal clinically but 
their blood is infectious and will transfer infection to susceptible animals. 
Antibodies to the parasites can be demonstrated by complement fixation and 
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fluorescent antibody procedures, but the relation of these antibodies to control 
of the parasite is unclear. 

Laboratory aids to diagnosis 

In animals suffering chronic disease and in nonclinical carriers the organisms 
are not easy to detect in blood films. In such cases injection of blood from the 
suspect animal into a clean, previously splenectomized animal of the same 
species will usually permit demonstration of parasites in blood films. Parasites 
are most easily detected in the early preanemic phase of the infection. 

The indirect fluorescent antibody test and the complement fixation test can 
be used for demonstration of antibody to the parasites in the serum of carrier 
cattle. 

Prevention and control 

Sanitation, management and vector control. Control or elimination of blood 
sucking arthropods will prevent the spread of these microorganisms. The 
same types of vector control measures used to eliminate the vectors of 
anaplasmosis and babesiosis will aid the control of the vectors of eperythrozoa 
and hemobartonellae. 

lmmunoprophylaxis. There are no immunoprophylactic agents for use 
against eperythrozoa or hemobartonellae. 

Chemotherapy. Antibiotics of the tetracycline group as well as arsenicals are 
effective against eperythrozoa and hemobartonellae (Gothe and Kreier, 1977). 
Dosages to be used and routes of administration are those recommended by 
the manufacturers for treatment of cattle with these compounds. 

Trichomoniasis 

The disease 

The diseases caused by trichomonads are called trichomoniasis (Baker, 1969). 
Trichomonads infecting the bovine genito-urinary tract cause bovine genital 
trichomoniasis or bovine trichomonad abortion. 
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Etiology 

Bovine trichomonad abortion is caused by Tritrichomonas foetus (Riedmuller) 
(Levine, 1973). 

The trichomonads are flagellate protozoa. The organisms have three, four 
or five free anterior flagella and one recurrent flagellum which is attached to 
the body to form an undulating membrane. In appropriately prepared prepa
rations, a nucleus, an axostyle and a filamentous structure called a costa 
running along the base of the undulating membrane may be seen. Tricho
monads are spherical to pear shaped and may be approximately 6 to 19 ~lm in 
diameter (Honigberg, 1978a, b). 

Distribution 

Trichomonads occur world wide. Tritrichomonas foetus resides in the vagina 
and uterus of female animals and in the preputial sheath of males. Incidences 
of infection of 6 to 7 % in the United States in beef cattle and 30 % in cattle 
in Germany and Switzerland have been reported. 

Epidemiology 

Tritrichomonas foetus of cattle is transmitted by the venereal route almost 
exclusively. These parasites infect males in which they seldom produce clini
cally observable disorders. Female cattle do not usually become carriers of 
Tritrichomonas joetus but usually clear their infections often aborting. Main
tenance of these parasites is thus by the clinically normal carrier male. 
Tritrichomonas SLiis is indistinguishable from Tritrichomonas joetus and will 
infect the genital tracts of cattle. In pigs Tritrichomonas suis inhabits the nasal 
cavity and digestive tracts, particularly the caecum. It has been suggested that 
Tritrichomonas SLiis causes atrophic rhinitis of pigs. Whether pigs acquire 
infection from cattle or cattle from pigs is uncertain. The relationship between 
the trichomonads of cattle and pigs is discussed at length by Honigberg 
(I978a). 

Clinical signs 

Tritrichomonas foetus infections of cows may cause mild to severe disease. 
There is usually vaginitis with low grade inflammation. As the disease pro
gresses the uterus is invaded. The organisms cause a low grade endometritis 
with continuous intermittent discharge. The uterine inflammation inter
feres with fertilization. If conception occurs abortion follows. Abortion usually 
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occurs early, between 1 and 6 weeks after conception. If the placental mem
branes are not expelled along with the foetus, chronic catarrhal or purulent 
endometritis may develop. The uterus may fill with pus and the animal may 
become permanently sterile. If the abortion is complete and the membranes 
are expelleB the animal may recover completely, clear its infection and con
ceive normally later. 

In the bull trichomonad infection centers in the preputial cavity and may 
more rarely involve the urethra and even the testis. On initial infection the 
prepuce may be inflamed and swollen and there may be a mucopurulent 
discharge. Orchiditis rarely occurs. Usually all clinical signs of infection cease 
in about 2 weeks after infection but the bull remains a nonclinical carrier of the 
trichomonads, generally for life. 

Pathology 

The pathologic lesions in cattle with bovine trichomoniasis are those one 
would expect to find in a luminal infection by a noninvasive microorganism. 
Tritrichomonas foetus colonizes the uterus as well as the vagina. In the uterus 
trichomonads may cause a low grade inflammation and endometritis. Abor
tion and sterility are the most common consequences of infection and the 
major pathology in the uterus is determined by the type of abortion which 
occurs. If the abortion is complete and the foetus and membranes are all 
expelled, then the prasites die out and the uterus returns to normal; if 
however the dead foetus is retained or the membranes are retained, then a 
chronic infection occurs and a pyrometria develops. The uterus may fill up 
with a relatively odorless, thin, greenish fluid which may swarm with tricho
monads. In some cows fluid may drain partially when the cow lies down. 

Immune response 

An immune response is mounted by the host against Tritrichomonas foetus. 
Cows which recover from infection by Tritrichomonas foetus are usually 
immune to reinfection although reinfection does occur. Antibodies to tricho
monads are present in the blood and in the uterine and vaginal secretions of 
infected and recovered individuals. These antibodies have been demonstrated 
by most of the standard serological tests, including complement fixation and 
agglutination tests. Attempts to correlate these antibody responses to immun
ity and to use serological tests in diagnosis have not been particularly suc
cessful. Antibodies to trichomonads are present in many normal, nonimmune 
individuals with no history of infection with Tritrichomonas foetus while in 
many infected and immune individuals antibodies cannot be demonstrated by 
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currently available techniques. Tests for cell mediated immunity, such as skin 
tests, have also given inconsistent results. Trichomonads of distinct species 
share some antigens. As symbiotic and commensal trichomonads are almost 
universally present in the alimentary tracts of man and other animals, it is 
possible that antigens absorbed from the alimentary tract may account for the 
frequent presence of antibodies in individuals with no history of infection. 
The poor contact between the parasites in the lumens of organs of the genital 
tract and the immune system may account for the poor correlation between 
immunity and antibody in the serum. The hope that the presence of local 
immunity, indicated for example, by the presence of antibodies in the secre
tions in the genital tract, would correlate better with infection and immunity 
than do serum antibody levels has unfortunately not been borne out by 
experimental work. Despite the poor correlation between antibody in the 
mucus of the genital tract of females, most who have studied immunity to 
genital trichomonads apparently consider luminal antibody to contribute to 
the elimination of trichomonads from the female genital tract. 

Laboratoty aids to diagnosis 

Diagnosis of trichomonad infection is by demonstration of trichomonads in 
fluids and lesions suggestive of trichomonad caused disease. Absence of 
trichomonads from fluids and lesions precludes trichomoniasis but as many 
individuals are healthy carriers of trichomonads it cannot always be assumed 
that the trichomonads present in an individual are the primary cause of the 
lesions observed. If however the clinical lesions are characteristic of tricho
monad caused disease and trichomonads are present in the lesions it is 
reasonable to consider the diagnosis positive and then proceed to appropriate 
treatment. 

Diagnosis is best made by examination of wet preparations made from the 
fluids or lesions. In diagnosis of uro-genital trichomoniasis a cotton swab can 
be inserted into the vagina or prepuce to pick up mucus. Swabs inserted into 
the uterine fluid of cattle can also be used to collect material for diagno
sis. 

On return to the laboratory the swabs are rinsed in a small volume of 
physiological saline and wet mounts prepared for microscopic examination. 
Examination of the wet mount may be by bright field, dark field or phase 
contrast techniques. Movement of the flagella and of the undulating mem
brane aids in recognition of trichomonads in fresh preparations. 

Such material, collected carefully to minimize bacterial contamination, may 
be inoculated into culture media containing antibiotics and trichomonads 
looked for after a suitable incubation period. 
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Material on swabs may be smeared on microscope slides, dried, fixed and 
stained. Giemsa stain has been generally found satisfactory for preparation of 
stained smears. This stain has the advantage of being generally available in 
most laboratories engaged in diagnostic work. 

In general at least three consecutive negative tests should be obtained 
before the animal is considered free of infection. 

Immunodiagnostic tests including the mucus agglutination test, are gener
ally considered only useful for herd diagnosis as a high percentage of infected 
animals give negative tests. 

Prevention and control 

Sanitation and management. Bovine genital trichomoniasis is a venereal 
disease. Carrier males and more rarely females maintain the reservoir of 
infection. Prevention of bovine trichomonad infection requires care in breed
ing practices. No breeding stock should be introduced into the herd unless 
tests have been made to assure absence of trichomonads. Mature animals 
should be held in isolation and tested for trichomonads before introduction 
into the herd. It has been generally recommended to slaughter infected bulls 
because treatment is difficult and the results poor. As infected cows usually 
clean themselves, isolation and sexual rest for not less than 3 months 
followed by tests for infection before entrance into the herd are usually 
sufficient safety precautions. If practical, use of artifical insemination rather 
than natural breeding will aid control of trichomonad abortion. 

If the herd is already infected all animals should be examined for infection. 
Infected cows should not be bred for at least 3 months and should be 
reexamined before rebreeding. 

Infected bulls should be disposed of. 

immunoprophylaxis. No immunoprophylactic agents are available for use 
against trichomonad infection. 

Chemotherapy. Metronidazole (Flagyl, Seale & Co.) can be used to treat 
cattle. Bulls can be treated orally with metronidazole compounds. Oral admin
istration of dimetridazole, 50 mg/kg, daily for 5 days will apparently cure 
bulls. A similar treatment can be given to cows but as the treatment is 
expensive and as the cows will self cure in a fairly short time, treatment may 
be unnecessary (Honigberg, 1978a, b). 
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PART IV 

TICKS AND ENVIRONMENTAL EFFECTS 



41. TICK TOXICOSES OF CATTLE 

Rainer Gothe 

Abstract. Of the 800 tick species which have thus far been described, populations or 
strains of approximately 50 argasids and ixodids are potentially capable of causing 
pathological and/or pathophysiological changes through inoculation of unknown unin
fectious noxes during repletion. These noxes are generally interpreted as toxins. 

Only 11 ixodid and two argasid species are considered to cause toxicoses in cattle. 
These effects are clinically divided into three disease syndromes: (a) tick paralyses, (b) 
Hyalomma truncatum toxicoses and (c) Rhipicephalus appendiculatus-toxicosis. A toxico
sis is thereby defined as a generalized and experimentally reproducible disease. Only a 
few "potent" ticks and always during the first infestation suffice for induction of 
toxicosis. No immunopathological manifestations seem to accompany the toxicosis. 
The symptom complexes caused by Boophilus microplus and Dermacentor albipictus, as 
well as other tick-inducing symptoms (e.g., alJergies, skin reactions, etc.) are not 
interpreted as toxicosis within the parameter of this definition. Likewise the pathophy
siological condition caused by Rhipicephalus appendiculatus can only be accepted with 
reservations. 

Tick paralyses 

Synonyms: (Zeckenparalyse (German); tique paralysis (French); paralisi da 
zecche (Italian). 

Etiology 

The capability to induce paralysis in cattle has been demonstrated, described 
or suggested for 12 tick species belonging to seven genera. These species 
include Dermacentor andersoni Stiles, D. occidentalis Marx, Dermacentor sp.; 
Haemaphysalis punctata Canestrini and Fanzago, Hyalomma truncatum Koch; 
Ixodes holocyclus Neumann, l. ricinus (Linnaeus), 1. rubicundus Neumann; 
Rhipicephalus evertsi evertsi Neumann and R. simus Koch from the family 
Ixodidae and Ornithodoros savignyi (Audoin) and Otobius megnini (Duges) from 
the Argasidae. 
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Although the toxin hypothesis proposed by Gothe (1979) is generally 
accepted on the basis of experimental investigations with tick saliva and 
salivary glands material, the chemical structure of the toxin, the principle of 
the toxic process, the toxin dynamics and kinetics, and the primary point of 
attack of the toxin remains unsolved. 

The functional component of the toxin is believed to be a neurotoxin which 
has not yet been isolated and chronically defined. It is assumed that this 
neurotoxin impairs the functions of peripheral nerves and/or the myoneural 
synapses; additionally, a causal cerebral affection and an interference of the 
toxin with the energy metabolism of muscle cells, respectively, have been 
suggested. The toxin etiology is substantiated by negative results obtained 
following inoculations and transfusions of normal animals with tissues of 
diseased animals and ticks. It was postulated that the effective volumes of the 
toxin is produced in tick salivary glands only after a sucking period of 
approximately 5 days. The incubation is, therefore, exactly temporally fixed 
and relates directly to the salivary gland activity and thereby to the repletion 
condition. Further analysis of the action of the toxin showed that a penna
nent and sufficient toxin secretion is necessary for the persistence of the 
clinical manifestation. Symptoms seem to be directly related to the presence 
of the tick. Accordingly, they disappear immediately following engorgement 
or mechanical removal of the tick (Gothe, 1971 a; Gregson, 1973). 

The toxin etiology is further substantiated by investigations of tick paralysis 
by Kaire (1966) who isolated a paralysis-inducing fraction from homogenates 
of engorged female I. holocyclus ticks. Toxic action of this fraction was 
neutralized in vivo and in vitro by immune serum. The fraction was found 
immunogenic by inducing an antitoxic immunity, which was passively trans
ferable and showed a sufficient protection against tick-induced paralysis. Sim
ilar experiments with partially engorged female D. anderson; ticks, however, 
were not successful (Gregson, 1973; Gothe, 1979). 

In recent investigations it was shown that the maximum toxicity induced 
by I. holocyclus occurs on days 5 -6 post infestation and that the toxin is a 
protein polypeptide moiety of middle to high molecular weight. 

Distribution 

The most frequent and economically important, as well as the most widely 
distributed tick paralyses, are caused by female ticks of the species D. ander
soni in North America and I. holocyclus in Australia. 

The paralysis of cattle caused by D. andersoni is endemic in Canada, 
particularly in the intermountain region of the western part of British Colum
bia; in the U.S.A., however, the disease occurs sporadically in Oregon, Mon-

588 



tana and Idaho although this tick species has a greater distribution as 
cartographically demonstrated by Rich (1971). 

The distribution of l. holocyc!us is limited to a small strip on the Australian 
east coast, which stretches from Normaton in northern Queensland to the 
Lake Entrance Bairnsdale district of eastern Victoria. A relationship between 
distribution of this tick species and the incidence of paralysis in cattle, 
especially calves, is caused by I. holocyc!us (Bagnall and Doube, 1975; Doube, 
1975; Doube and Kemp, 1975; Doube et al., 1977). Occasionally heavy losses 
are encountered in adult cattle also, particularly when animals from tick-free 
regions are brought into endemic areas (Doube, 1975; Doube and Kemp, 
1975). 

Cattle are not the only host in which the above two ticks induce paralysis. 
For D. andersoni syndrome there is a marked species sensitivity difference. 
An approximate order of decreasing animal species susceptibility to toxin is 
man, sheep, dogs, cattle and horses. Wild animals appear to be highly resis
tant (Rich, 1971; Gregson, 1973). 

Especially sensitive to the I. holocyc!us paralysis are sheep, cats, dogs and 
human beings; cattle and horses, however, are affected mainly at a very 
young age. Native animals such as the short-nosed bandicoot Isoodon marcou
rus and the long-nosed bandicoot Perameles nasuta are of great importance for 
the population density and dynamics of this tick paralysis (Doube, 1975). 

The tick paralysis caused by D. occidentalis has been only occasionally 
described in cattle in California. Paralysis caused by l. rubicundus in South 
Africa occurs mainly in sheep and goats; cattle are only occasionally affected 
(Stampa, 1959). The R. evertsi evertsi paralysis, primarily also a sheep disease, 
until now has been observed only rarely in cattle and exclusively in South 
Africa (Neitz, 1964). On the I. ricinus paralysis only one incomplete reference 
is available describing the disease in Yugoslavia and Turkey; likewise, reports 
about cattle paralysis caused by H. punctata in Bulgaria and by Dermacentor 
in Italy have to be judged accordingly. Information on cattle paralysis induced 
by H. truncatum and R. simus ticks in Rhodesia is incomplete. More informa
tion is also needed on cattle paralysis caused by O. savignyi in Nigeria and 
Tchad (Neitz, 1964), and by O. megnini in British Columbia and California. 

Epidemiology 

Various biologic parameters on the part of the host and the tick may 
influence epidemiology of the disease. In the case of the host, these parame
ters include sensitivity to toxin, age, immune response, behavior, as well as 
the reaction potential and population density. In the case of tick factors, what 
must be considered are dynamics and virulence of toxin-inducing ability, 
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sexual activity, developmental stage, infestation locus and sucking phase, 
respectively (Gothe, 1979). These biologic aspects, their complexity and inter
relations, however, have not been fully investigated. This is especially true 
with respect to the minimum infestation rate necessary for the development 
of a paresis or paralysis, the responsible tick state and its repletion phase as 
well as the population dependent, paralysis-inducing capacity of a tick species. 
It has been established, however, that the maximum incidence of tick para
lyses occurs in the spring and early summer, probably associated with the 
seasonal activity of female ticks. It is not always possible to establish a 
relationship between tick quantum and clinical severity of paralysis. In one 
situation it was shown that a single female tick was sufficient for establish
ment of paralysis in a 1000-pound bull and a mature steer. Under other 
circumstances using similar animals, there was a direct correlation between 
the infestation intensity and clinical manifestation. 

Likewise, it is known in I. rubicundus that only certain populations are 
capable of inducing paresis or paralysis whereby some animals of the same 
species can tolerate up to 100 ticks, others may be paralyzed by a solitary tick. 
The frequency of occurrence of these potent ticks, however, is difficult to 
predict with reference to specific geographic location and time. For I. holocyc
Ius there likewise has been a species variability in paralysis-inducing capabil
ity determined. Consequently, all laboratory studies and field observations 
suggest that the two most difficult to predict epidemiologic parameters on the 
part of the host and the vector are sensitive to paralysis and the virulence of 
the toxin, respectively (Hamel and Gothe, 1978; Gothe, 1979). 

Clinical signs 

The clinical pictures of tick paralyses in man and animals are fully described 
by Gregson (1973) and Murnaghan and O'Rourke (1978). The incubation 
period, because of its dependence on the tick repletion time, is constant and 
takes an average of 5 to 7 days. During incubation, severe prodromal symp
toms such as lassitude, anorexia and heavy vomitus may occur, especially in 
I. holocyclus paralysis. 

The first signs of paralysis usually become obvious in the hind extremities 
and are initially characterized by low to high grade incoordination and muscle 
weakness. Complete paralysis, which includes the bulbar regions, develops 
within a few hours thereafter. The trunk, front extremities, throat, esophagus, 
pharynx and face may be involved. The affected animal is incapable of 
moving. The typical disease syndrome may be described as ascending, sym
metrical, flascid tetraplegia with functional impairment of the superficial and 
deep tendon and abdominal reflexes as well as nystagmus, chewing-swallow-
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mg and breathing difficulties. The skin sensibility is lowered, the temperature 
is normal, the blood and liquor values are unchanged. If the ticks are 
removed early enough or repletion is completed, the clinical recovery may 
take place within a few hours to several days. A persistence of paralytic 
symptoms over several days after removal of all ticks is observed in I. 
holocyc!us paralysis (Doube and Kemp, 1975). 

Pathogenic mechanism 

The mechanisms of pathogenicity of tick paralysis has not yet been fully 
investigated. The Dermacentor-induced paralyses are now defined essentially 
as motor polyneuropathies with only limited participation of the afferent 
pathways. A causal pathogenic involvement of acetylcholine biosynthesis can 
be excluded. Whether or to what extent the central nervous system is affected 
cannot be decided from the few contradictory findings. In case of I. holocyc
Ius-induced paralyses, it is considered that the toxin may act on the excita
tion and secretion mechanism at the myoneural synapse, thus preventing 
acetylcholine liberation at temperatures above 30°C. Furthermore, the parti
cipation of several toxins in this disease syndrome was not excluded. There 
seems to be a basic physio-pathologic difference in pathogenesis of paralyses 
induced by I. holocyc!us and those induced by other ticks. 

Pathology 

Pathological manifestations caused by tick paralysis have been described and 
discussed by Gothe et al. (1971). In histological sections as well as in elec
tronmicrographs of peripheral nerves of chickens, which at the time of tissue 
collection were completely paralyzed over a long period as a result of repeated 
infestations with A. walkerae, no morphological abnormalities of the function 
carrying parenchyma could be demonstrated. Also, no ultrastructural tissue 
changes could be observed in mice and rats dead or dying from I. holocyc!us 
paralysis. A lack of tissue abnormalities in tick paralysis is apparent by the 
fact that recovery from the disease is rapid and clinically complete. 

Immune response 

A clear immunologic difference has been demonstrated between the I. holo
cyc!us paralysis on the one side and all other tick paralyses on the other side 
(Gothe, 1971 b, 1979). Recovery from I. holocyc!us-induced paralysis is fol
lowed by a relatively long-lasting protective immunity. This immunity is also 
passively transferrable by way of blood serum or milk. No protective immun-
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ity was noted following recovery from the disease caused by other tick 
species. 

Laboratory aids to diagnosis 

Diagnosis is made on the basis of consideration of various parameters which 
include the presence of ticks, the sudden appearance of paralysis, the rapid 
course of the disease, and the quick clinical recovery after tick removal. As a 
rule, temperature is normal, blood and liquor values are unchanged. Specific 
laboratory diagnostic technics are not available. 

Prevention and control 

Prevention and control of tick paralyses in cattle may be considered under 
four main headings: (1) Protection of susceptible animals from toxin effects 
through application of immune serum which, however, has only been possible 
until now in 1. holocyclus paralysis. Under field conditions, the application of 
the method is difficult for economic and technical reasons (Doube, 1975); (2) 
prevention of the tick repletion time, necessary for the establishment of 
paralytic symptoms, through development of resistant cattle breeds, and appli
cation of acaricides; (3) reduction of ticks on cattle by postponement of 
grazing and calving periods outside of the tick season as well as materializing 
on natural behaviors of cows to protect their young. A shifting of the calving 
in Australia from spring to winter would have two advantages: the calves 
would be older and larger at first exposure to female 1. holocyclus, and, 
furthermore, infestation with larvae and nymphs would have induced a cer
tain pre-resistance to paralysis (Doube and Kemp, 1975). Another method is 
to select calving areas with a relatively small tick population density for the 
development of a natural and solid immunity before entering areas with 
heavy tick challenges (Doube, 1975). Also, certain husbandry practices may 
greatly reduce the paralysis risk of highly sensitive calves if, as shown with D. 
andersoni paralysis in British Columbia, a system of calf grooming by mother 
cows and a type of natural kindergarten holding, the "yarding" of calves 
~nder the supervision and care of some sentinel cows, which remove the ticks 
from the calves, is used. (4) Reduction of ticks in the respective ecosystem by 
combatting the wild tick hosts, use of acaricides and/or biological tick control 
measures. In Australia the ecological manipulation of tick habitat or the 
bandicoot population density were shown to be the best method for reducing 
I. holocyclus to safe level for cattle husbandry (Doube, 1975). 

Causal therapy methods of tick paralyses in man and animals is limited to 
the timely removal of responsible ticks (Gothe, 1979). Only in 1. holocyclus 
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paralysis is a therapeutically effective immune serum available which has 
been used successfully in the treatment of man and animals. An etiologically 
effective chemotherapy or prophylaxis is not available. Symptomatically the 
dyspnea, the circulatory system and the fluid requirements are to be treated, 
supported and replenished, respectively. 

Toxicosis forms induced by Hyalomma truncatum 

General and common characteristics of all forms of toxicosis are (a) they can 
be induced by only a few potent ticks, (b) disease symptoms occur following 
initial tick infestation without a need for prior sensitizing exposure. Clinical 
pictures induced by H. truncatum are interpreted as three different toxicosis 
forms: (1) sweating sickness, (2) Mhlosinga, and (3) Magudu. These forms are 
being differentiated clinically and immunologically (Neitz, 1962). 

1. Sweating sickness (Sweetsiekte, nat kalwersiekte (wet calf disease), vuur
siekte (fire disease) (Afrikaans); Schwitzkrankheit (German); la dyhydrose 
tropicale (French); foma (Swaci); 01 macheri (Masai of Kenya» 

Etiology. In the absence of a specific etiologic agent, a "derma tropic " toxin 
was suggested as a possible causal agent (Neitz, 1954, 1956, 1959, 1962, 1964) 
since the infestation period determines the duration and intensity of symp
toms. The removal of responsible ticks results in an immediate clinical recov
ery. All attempts to transfer the disease from animal to animal by inoculation 
of blood, tissues and saliva from sick to healthy animals have failed. Reci
pient animals also remained completely susceptible and became sick or died, 
respectively, after exposure to potent ticks. The transmission possibility 
through direct contact between healthy and sick calves is likewise to be 
excluded. 

As further evidence in favor of the toxin hypothesis is the fact that only 
certain strains of ticks are capable of inducing sweating sickness. This proper
ty cannot be acquired by nonpotent ticks through infestation of non potent 
ticks on animals or passaged to other tick species of the same genus. The 
toxin effect of potent H. truncatum, with which both male and female ticks 
are provided, can persist for at least 16 generations. This persistence is 
independent of previous infestations on susceptible, immune or refractory 
hosts. 

Distribution. The sweating sickness, widely distributed in Central, East and 
South Africa (Neitz, 1956, 1964; Konnerup, 1975) with possible occurrence 
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also in southern India and Sri Lanka, has been recognized as naturally 
occurring conditions only in cattle. Younger animals up I! years are predom
inately clinically affected. However, animals up to 13 years can become 
diseased. 

Epidemiology. The natural incidence of the disease is regulated by the cyclic 
periodicity, the density, as well as the sweating sickness inducing capacity of 
H. truncatum. On the basis of the developmental cycle of the responsible tick 
species, this toxicosis in Africa is a seasonal disease with maximal frequency 
during the period from January till March. Sporadic cases, however, may 
appear at any time. 

Clinical signs. Under natural conditions, the intensity of sweating sickness 
of cattle depends on the reaction potential and age of the affected animal and 
the number and repletion time of potent ticks. Accordingly, peracute, acute, 
mild or inapparent symptoms of the disease have been described. Incubation 
lasts from 4 to 11 days with an average of 6 days. 

The acute form of sweating sickness occurs mainly in cattle up to 12 
months of age. The onset of the disease is sudden with an increase of body 
temperature to 40-41 DC, which persists over 3-6 days or occurs intermittently 
over an 8-day period. The animal's general condition is distinctly disturbed, 
its hair coat is rough. The visible mucous membranes and skin become 
hyperemic. A wet eccema develops, starting at the cheeks, under the eyes, 
on the nose, base of the ears, neck and flanks as well as abdominal and lor 
groin regions and may extend over the entire body surface. The wet eccema 
appears at 48 hours at the earliest, commonly 72 hours after onset of the 
disease. The resulting dermatitis is aggravated by a severe hyperesthesia, loss 
of hair coat and consequent desquamation of the superficial epidermis 
layers. 

Primary symptoms are followed by excessive lacrimation, salivation and 
nasal discharge which may become mucopurulent. Occasionally the cornea is 
affected. In the mouth at diphtheroid stomatitis, glossitis, pharyngitis and 
laryngitis as well as necrotic changes of the lip margins appear. The condition 
is apparently painful, causing animals to go off feed. The intestinal tract can 
also be affected; simultaneously, there frequently occurs a diphtheroid vagin
itis or posthitis. The central nervous system as a rule is not involved. 

This disease may be complicated and further aggravated by concurrent 
occurrence of anaplasmosis, babesiosis, Nagana, heartwater, salmonellosis and 
especially skin myiases. 

During recovery, a regeneration of the mucous membranes of the digestive 
tract occurs. The inflammation of the affected skin regions generally subsides 
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after 3-6 days with superficial epidermis layers sloughing off and rapidly 
regenerating. After 3-4 weeks, the hair grows anew; however, the hyperemia 
of the non-pigmented skin may persist up to 8 weeks. 

The peracute course of this toxicosis, which occurs in approximately 4 % of 
experimentally infected calves, is difficult to differentiate from similar clinical 
signs of other diseases. The disease is clinically characterized by a high and 
sudden rise in temperature, hyperemia and hyperesthesia of the visible 
mucous membranes and the skin, anorexia, lacrimation as well as rhinitis, 
salivation, muscle tremor, dysphagia, motility disorders and syspnea. It termi
nates fatally 48-72 hours after the initial fever. 

The subaccute form corresponds in its symptomatology with the acute 
sweating sickness; however, its clinical signs are less pronounced with no 
mortality occurring. The mild form is only characterized by a 2- to 3-day 
pyrexia with middle grade hyperemia of the skin and the visible mucous 
membranes, which recede after 4-5 days. The inapparent type of this toxicosis 
occurs occasionally and can only be identified by the existence of a residual 
immunity following the re-exposure of the animals to potent ticks. 

Mortality is extremely variable and directly correlated to the size of the 
toxin inoculum, which again may be dependent on the potency of the 
responsible ticks and their repletion time. Under standardized laboratory con
ditions with 48 calves from 2 to 11 months of age and a potent tick strain, 
69% of the animals succumbed. By respective infestation of six older animals, 
the mortality rate still reached 50% (Neitz, 1959). 

Pathology. Pathological changes are dependent upon duration of the disease 
and the presence of concurrent infections. Changes include an eccematotic 
dermatitis, inflammation and superficial necrosis of the oral mucous mem
branes, occurrence of whitish yellow pseudomembranes in the nasal cavity, 
pharynx, larynx, esophagus and omasum, lung edema and interstitial emphy
sema, hydrothorax and hydropericarditis, congestion and fatty degeneration of 
the liver and/or hyperemia of abomasal mucous membranes and of the small 
and large intestines and the genitalia (Neitz, 1959). 

Immune response. A recovery from sweating sickness produced a solid 
protective immunity which may persist up to 4 years. A passive colostral 
passage of protective antibodies was not demonstrated (Neitz, 1959, 1962). 

LaboratolY aids to diagnosis. With the exception of the inapparent form of 
the disease, all forms of sweating sickness can be diagnosed by ascertaining 
and evaluating epidemiological data, clinical symptoms and pathological 
changes. An etiologic diagnosis of the inapparent form of the disease is 
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difficult. Disease resistance of suspect animals following exposure to potent 
ticks is the only means for establishing specific diagnosis of the inapparent 
form of sweating sickness (Neitz, 1959). 

Prevention and control. Prevention is based exclusively on the effective 
control of the responsible ticks with suitable acaricides whereby their use and 
application must be timed so that a short-term, not clinically manifesting, but 
immunity-inducing infestation, is made possible (Neitz, 1956). 

A causal therapy of sweating sickness is not available. Diseased animals, 
however, should be protected against adverse climatic conditions, radiation, 
quietly attended and cared for with water, and high quality and lightly 
digestable food. An antibiotic treatment against secondary bacterial infections, 
control of skin myiases and definite therapeutic measures against concurrent 
infections are mandatory (Neitz, 1959). 

2. Mhlosinga and M agudu 

Certain H. truncatum strains can additionally induce two further forms of 
toxicosis, which are described as Mhlosinga and Magudo and which occur in 
cattle, sheep and pigs as a nonfatal mild disease characterized by fever and 
anorexia. There is no cross immunity between these two diseases. There is 
also no cross immunity between sweating sickness and Mhlosinga; however, 
animals that have recovered from sweating sickness are immune to Magudu. 
Cross-strains of Mhlosinga- and Magudu-ticks appear more pathogenic, but 
affected animals remain susceptible for sweating sickness (Neitz, 1962, 1964). 
It is not known whether stomatitis-nephrose-syndrome of cattle occurring in 
Rhodesia is a toxicosis of a sweating sickness type or is a different Hyalomma 
toxicosis. 

Toxicosis caused by Rhipicephalus appendiculatus 

The disease occurs in cattle in southern Africa and is induced by a massive 
R. appendiculatus infestation. It is proposed that a "leucocytotropic" toxin is 
involved in induction of this disease. It may cause a paralysis or dysfunction 
of the reticuloendothelial system with possible consequent reactivation of 
latent or concurrent infections such as babesiosis, theileriosis, anaplasmosis, 
borreliosis and/or heartwater disease. The responsible tick stage and its neces
sary infestation rate for a clinical manifestation of this toxicosis are still 
unknown. 
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Clinical signs of this toxicosis were first described by Thomas and Neitz 
(1958) in 50 approximately 18-month-old cattle in Transvaal/South Africa. 
Signs included pyrexia, high-grade anemia, cachexis and necrosis of lymph 
nodes, especially those of the head, throat and prescapular region. The 
pathomechanism was thereby explained as impairment of the reticuloendothe
lial system with a possible participation of the bone marrow or else as an 
aplastic anemia by direct toxic damage to the bone marrow. 

The clinical picture of this toxicosis could be experimentally reproduced 
with the signs of the resulting disease depending upon whether the cattle 
were previously exposed to a heavy or light infestation with R. appendiculatus 
(Rensburg, 1956). The degree of anemia can be directly correlated to the 
infestation intensity of the ticks as well as to the severeness of the concurrent 
blood infections. If ticks are removed, a partial clinical recovery may occur. 
Evidence for an acute anemia, induced exclusively by the postulated tick 
toxin, could not be sustained. This toxicosis has also been demonstrated in 
cattle in Rhodesia and furthermore considered as a possible partial factor in 
the pathomechanism in bovine cerebral theileriosis. 

References 

Bagnall BG, Doube BM: The Australian paralysis tick Ixodes holocyclus. Aust Vet J 
51: 159-160, 1975. 

Doube BM: Cattle and the paralysis tick Ixodes holocyclus. Aust Vet J 51:511-515, 
1975. 

Doube BM, Kemp DH: Paralysis of cattle by Ixodes holocyclus Neumann. Aust J Agric 
Res 26:635-640, 1975. 

Doube BM, Kemp DH, Bird PE: Paralysis of calves by the tick, Ixodes holocyclus. 
Aust Vet J 53:39-43, 1977. 

Gothe R: Die durch Argas (Persicargas) persicus-Larven bedingte Paralyse der Huhner. 
I. Uber den Einflu13 des Saugzustandes und der Infestationsrate auf die klinische 
Manifestation. Z Parasitenkd 35: 298-307, 1971 a. 

Gothe R: Die durch Argas (Persicargas) persicus-Larven bedingte Paralyse der Huhner. 
II. Untersuchungen zur Immunitat. Z Parasitenkd 35: 308-31 7, 1971 b. 

Gothe R: Zeckentoxikosen. Acta Trop Basel 1979 (in press). 
Gothe R, Hager H, Jehn E, Kunze K, Thoenes W: Pathologisch-anatomische Unter

suchungen an peripheren Nerven bei der Argas (Persicargas) persicus-Larven bedingten 
Zeckenparalyse der Huhner. Tropenmed Parasitol 22: 285-291, 1971. 

Gothe R, Kunze K, Hoogstraal H: The mechanisms of pathogenicity in the tick 
paralyses. J Med Ent 16:357-369, 1979. 

Gregson 10: Records of tick paralysis in livestock in British Columbia. J Entomol Soc 
B C 63:13-18,1966. 

Gregson JD: Tick paralysis: an appraisal of natural and experimental data. Monograph 
Nr 9, Canada Department of Agriculture, 1973. 

597 



Hamel HD, Oothe R: Influence of infestation rate on tick paralysis in sheep induced 
by Rhipicephalus evertsi evertsi Neumann, 1897. Vet Parasitol 4: 183-191, 1978. 

Kaire OH: Isolation of tick paralysis toxin from Ixodes holocyc/us. Toxicon 4: 91-97, 
1966. 

Konnerup N: Sweating sickness. In: Foreign animal diseases. Their prevention, diag
nosis and control, pp 242-250. Richmond V: Committee on Foreign Animal Dis
eases of the Proc. U.S. Animal Health Association, 1975. 

Murnaghan MF, O'Rourke FJ: Tick paralysis. In: Arthropod Venoms, pp 419-464. 
Bettini S, ed., Berlin : Springer-Verlag, 1978. 

Neitz WO: Hyalomma transiens Schulze: A vector of sweating sickness. J S Afr Vet 
Assoc 25:19-20,1954. 

Neitz WO: Sweating sickness: A tick-borne disease transmissible to several members 
of the order Artiodactyla. Bull Epizoot Dis Afr 3: 125-126, 1955. 

Neitz WO: Studies on the aetiology of sweating sickness. Onderstepoort J Vet Res 
27:197-203,1956. 

Neitz WO: Sweating sickness: The present state of our knowledge. Onderstepoort J 
Vet Res 28: 3-38, 1959. 

Neitz WO: Tick toxicoses. Report of the 2nd Meeting of the FAO/OIE Expert Panel 
on Tick-Borne Diseases of Livestock, Cairo, UAR 3-10 December, 1962. 

Neitz WO: Tick-borne diseases as a hazard in the rearing of calves in Africa. Bull Off 
Int Epiz 62: 607 -625, 1964. 

Rensburg SJ van: Haematological investigations into rhipicephaline tick toxicosis syn
drome. J S Afr Vet Assoc 30: 75-95, 1959. 

Rich OB: Disease transmission by the Rocky Mountain wood tick, Dermacentor 
andersoni Stiles, with particular reference to tick paralysis in Canada. Vet Med Rev 
Leverkusen 1: 3-26, 1971. 

Stampa S: Tick paralysis in the Karoo areas of South Africa. Onderstepoort J Vet Res 
28: 169-227, 1959. 

Thomas AD, Neitz WO: Rhipicephaline tick toxicosis in cattle: Its possible aggravat
ing effects on certain diseases. J S Afr Vet Assoc 29: 39-50, 1958. 

598 



PART V 

PROBLEMS OF DISEASE CONTROL 
IN THE TROPICS 



42. PROBLEMS OF DISEASE CONTROL 
IN THE TROPICS 

W.I.M. McIntyre and Miodrag Ristic 

The tropics cover nearly one-third of the world's total land area, and in those 
areas live approximately one-third of the human population and approxi
mately one-third of the world's cattle population of one billion. Furthermore, 
three-quarters of all the cattle in the tropics live in 17 nations with India and 
Brazil each possessing approximately one-fifth of the total. 

The problems of disease control within this enormous population of ani
mals must be reviewed in the broadest possible context before selecting and 
deciding upon a specific disease control program. Disease control must be 
governed primarily by the status of the cattle industry within the economy of 
a respective nation. While the unique ability of cattle to digest and transform 
the crudest of plants and plant residues into protein fit for human consump
tion will always justify a place for cattle in the economy of a country, this 
industry will always be relative to many other socio-economic factors of a 
respective country. 

Many of the non-industrialized nations are in the tropics, and a high 
proportion of their human population lives in rural villages. To those people, 
and even more so to nomadic and partially nomadic peoples, cattle have 
become part of a traditional way of life evolved over thousands of years. 
Through its government, each community must decide for itself how high a 
priority the cattle industry should take in the development of the nation. 
Once development and expansion of the cattle industry has been decided 
upon, every care must be taken to understand the traditions which have 
enabled the cattle owners to produce and survive over thousands of years. 
Often using the most sophisticated methods and devices known only to them, 
these practices are handed down from generation to generation and seldom 
are recorded in the classical books on cattle production. All those who would 
offer advice and help to such people, be they experts from another continent 
or local professional leaders in animal health and production, must begin by 
learning from, and respecting, the sophistication of peasantry which has 
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enabled countless generations of man to survive and rear his families under 
some of the worst ambient conditions in the world. 

Achievements in disease control 

It is important to study and draw inspiration from past successes and to 
consider in detail the methods involved. The most outstanding success in 
disease control in cattle in the tropics has been the development of vaccina
tion control measures for rinderpest. 

After many years of struggle by many different veterinary services using 
vaccines of limited protection and often dangerous potency, Plowright and 
Kenya achieved a major breakthrough in producing a vaccine against rinder
pest. The virus of this vaccine was grown in a tissue culture system and 
dispensed in a lyophilized form. Protective immunity induced by this vaccine 
has been shown to last at least seven years, consequently, this vaccine can be 
compared with some of the greatest in the world such as those against 
poliomyelitis, yellow fever and smallpox. 

The efficiency of the rinderpest vaccine was so high it led to the control of 
the disease in many countries within a few years. Moreover, the availability 
of this effective vaccine has had far-reaching effects on the security of cattle 
owners and their families. It is said that rinderpest vaccination success may 
have led to overstocking of cattle in some areas for a temporary period. In 
reality, the ever increasing demand for meat in the tropics, and the herds
man's skilled sense of the right number of animals for the land have been the 
dominating factors in deciding cattle numbers. The casual observer has too 
often ascribed cattle through numbers only, desiring status and wealth, for
getting the calculations which have to be made to protect the owner against 
several years of severe drought or, in the past, a calamitous outbreak of 
rinderpest. It must be remembered that only half the cattle population, the 
females, reproduce themselves and that it takes three or four years to produce 
a first calf, and that the number of calves produced in a lifetime by a cow 
varies tremendously under the combined effect of nutrition and disease. 

Another less dramatic success story was the development of various types 
of vaccines for foot and mouth disease. The need and the scale at which these 
vaccines are used may differ from country to country. In cattle, which takes 
three to four years to mature and survive in countries where the infection has 
become endemic, it is often not economic to consider vaccination. On the 
other hand, those countries which export animals or meat to countries free of 
the disease have to confront the problems involved. In many countries 
vaccines have been used to reduce, and in some cases to eradicate, the 
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incidence of disease. Nonetheless, the problems associated with the multiplic
ity of these virus strains throughout the world and the relatively short 
duration of immunity produced are daunting facts which have to be carefully 
considered by all nations contemplating the control of this disease. In many 
countries in the tropics the present level of productivity of the cattle industry 
is insufficient to justify such a program. 

Many other viral vaccines in use throughout the tropics play a part in the 
control of other diseases in cattle but there are still many gaps to be filled and 
work to be done if the success of rinderpest control is to be emulated. 

Within bacterial diseases there are many well-established preventive immu
nization methods available. With the exception of the vaccine against brucel
losis which uses an attenuated live immunogen, most other vaccines are 
inactivated bacterines. Consequently, the protection conferred by the latter 
vaccines is relatively short and frequent revaccination is needed. In some of 
these vaccines, such as those caused by Gram positive agents, the antigens are 
well established, and dependable protection is expected most of the time. 
There are other bacterines, such as those against leptospirosis, where the 
efficacy is good if the field strains are antigenically identical with those 
contained in the vaccine. 

For some other bacterial diseases, e.g., tuberculosis and Johne's disease, no 
vaccines are available which require the use of more complicated and usually 
more costly disease control programs. Depending on the country, these dis
eases may exert a heavy toll on the bovine industry and tuberculosis contin
ues to be a major zoonotic public health problem in some regions. For the 
foreseeable future, the control of these diseases must continue to be based on 
detection and quarantining or elimination of diseased animals. 

Anaplasmosis is prominent among rickettsial disease by virtue of its world
wide occurrence and the economic impact on the livestock industry. During 
the last two decades new and safer prophylactic methods have been devel
oped for control of this disease. The inactivated vaccines seem to offer some 
protection but this effect is overwhelmed by the danger of inducing isoim
munity to blood group antigens in vaccinated animals. A new vaccination 
approach utilizing soluble cell culture-derived Anaplasma antigens has given 
promising results in recent tests. An effective attenuated live vaccine is now 
available which is preserved and dispensed in liquid nitrogen. Current efforts 
to preserve the viability of this vaccine by lyophilization are promising. This 
successful accomplishment would mean a practical and effectual step towards 
making the vaccine available to many regions of the tropics where the use of 
liquid nitrogen preservation method is prohibitive. 

Unfortunately there are no available vaccines for prevention of heartwater 
disease, another rickettsial disease which is limited to Africa. It is, however, a 
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disease of major consequences in certain regions of that continent and pre
ventive immunization methods are likely to be developed. 

Theileria parva was the first protozoan agent of major economic conse
quence to be cultivated in vitro. All expectations that this important finding 
will be followed by the development of a vaccine for East Coast fever have 
not yet materialized. However, induction of protection by inoculation of cattle 
with infected tick homogenates followed by tetracycline treatment have prov
en effective. This observation suggests that an effective vaccine is a good 
possibility once appropriate parasite antigens can be produced in cell cul
tures. 

A major breakthrough in a century-long struggle against protozoan babesio
sis was recently achieved by development of a cultural method for continuous 
in vitro propagation of Babesia bovis, one of the principal agents of bovine 
babesiosis. The highlight of a series of studies revealed masses of soluble 
antigens, in all probability merozoite surface coat antigens occurring freely in 
the culture medium. These antigens proved to be highly effective non-living 
and cell-free vaccines which induce protective immunity in cattle against 
challenge exposure with B. bovis. Henceforth, the speed with which a com
mercially praticable vaccine for control of babesiosis will be available appears 
to be only a matter of time needed for scaling up the technology for mass 
production of the antigen. 

The immunologic principle used in development of babesiosis vaccine in 
which an antigen component rather than the whole protozoan parasite is used 
as an immunogen may prove applicable to other agents with a complex life 
cycle of development. It is apparent that various growth forms of babesia are 
immunogenically non-eseential and may be excluded from a formulation of 
inactivated vaccines. 

Infections caused by helminths (worms) are inseparable from the grazing of 
cattle in the tropics. The effects of these worms varies with the species from 
blood removal, to massive change to liver, lungs, stomach and even arteries. 
Names such as Haemonchus, Fasciola, Osteragia, Dictycaulus are household 
terms to farmers and veterinarians. They cause death, but the greatest dam
age caused by infestation with these worms comes from a loss of animal 
condition and stunting of growth which results in reduced productivity. 

Many complex systems of management of grazing, usually combined with 
anthelmintic drugs, have been evolved in different parts of the tropics as a 
means of controlling losses caused by the worms. The battle is constant-the 
worms persist. Once again, drug resistance to certain anthelmintics has devel
oped and the quest for new compounds continues. 

Only one commercial vaccine against one worm, Dictycaulus, exists today 
and it is not in use in the tropics despite its widespread use in Europe. Other 
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vaccines need to be developed if losses from this most insidious group of 
parasites is to be kept in balance. It is possible that the principle of irradiation 
used in the development of the above vaccine may be applicable to other 
helminths. It is certain, however, that immunologic and other biologic 
research approaches must be strongly considered as a future means of con
trolling losses caused by worms. 

A special problem in disease control caused by a helminth is posed by 
Taenia saginata (man's tapeworm). This parasite deserves special comment as 
a zoonosis between man and his cattle. The eggs of the tapeworm deposited 
in man's feces are ingested by cattle and undergo partial development before 
encysting in the muscles where they remain to be eaten by man in under
cooked meat. Such meat is always downgraded in price and subjected to a 
lengthy maintenance by costly refrigeration before being released for con
sumption. Treatment of man and rigorous meat inspection have not yet 
solved this problem in many countries. 

Vectors as agents of the disease 

The tsetse .fly 

Glossina, the tsetse fly group, presents a unique and intimidating problem in 
disease control to some 36 nations of tropical Africa. By transmitting a variety 
of pathogenic trypanosomes to cattie, which in turn produce acute and 
chronic disease and often death, the tsetse is the largest single impediment to 
cattle production in those countries. The areas inhabited by the fly are 
enormous. 

The pioneering work of MacLennan in Nigeria, in which he eradicated the 
tsetse from some 65 000 square miles by the strategic use of insecticide 
demonstrated that tsetse control in certain areas was feasible and of economic 
benefit to farmers in that area. 

Today similar programs are being contemplated elsewhere but the cost and 
human effort involved are prodigious. Nonetheless, the problem must be 
faced. Wherever tsetse exists, cattle disease and loss will continue. In the 
meantime, curative and prophylactic drugs have a part to play and selective 
use of insecticides can reduce the loss in some areas as can the elimination of 
the natural habitat of the fly. However, all too often man creates tsetse 
habitats such as new forests for timber and new food-producing tree planta
tions. The danger to man from cattle, which in some areas can act as a 
reservoir for the human trypanosomes, has been well-documented. 

The tsetse and the disease trypanosomiasis which it transmits, are probably 
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the most complex biological combinations known to exist among fly and man 
and domesticated and wild animals, with cattle loss being a dominant factor. 
Vaccination seems far away, drugs are meeting with resistance and insecticide 
control and eradication is becoming increasingly more costly. In the mean
time, distribution of the tsetse increases yearly despite all man's efforts. A 
crisis situation exists and must be met by a massive combined effort. 

Ticks 

Throughout the tropics, diseases of cattle transmitted by ticks present some 
special control problems. They vary greatly in the morbidity and mortality 
which they produce. Cattle suffering from East Coast fever in parts of Africa 
are often beyond effective treatment even before the disease manifestations 
are noted. Animals affected by anaplasmosis and babesiosis are amiable to 
treatment and chances for the success of treatment are better if it is initiated 
during the early phase of the disease. 

An important part of any tick-borne disease program is vector control. This 
has traditionally involved the use of acaricides applied as dusts, sprays, dips 
or through hand application. Over the years, millions of cattle have been 
dipped, often twice a week, if any of the above three diseases presented a 
risk. The magnitude of this operation is difficult to conceive throughout the 
tropics, however, many herds would not exist today without the regular use 
of acaricides. 

Unfortunately, ticks have developed resistance to arsenicals, DDT, BHC, 
toxaphene, dieldrin, organophosphates and carbamates. Various hypotheses 
have been advanced to explain the mechanism of genetic selection for insec
ticide resistance. Regardless of the nature of this mechanism, the problem is 
with us and probably will be intensified as it becomes more and more costly 
to develop new acaricides. It is no exaggeration to state that drug resistance of 
all kinds, including acaricides, has become one of the great problems of 
disease control facing stockowners and veterinarians of the future. 

Elimination of the disease by various tick eradication programs has gener
ally met with little success. The only true success story in this direction was 
elimination of babesiosis, "Texas tick fever", from the US by eradication of 
its tick vector, Boophilus annulatus. The success of this program can be 
attributed to two basic elements: (1) great national expenditure estimated at 
hundreds of millions of dollars, (2) focus on eradication of the one host tick 
rather than the more complicated multihost tick system. 

This rather precarious situation with vector control suggests a need for 
more intensified research toward vaccine development. Even then, no vaccine 
is expected to induce an immunity which would resist all levels of tick 
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infestation. Accordingly, a reasonable expectation for the future will be a 
compromise between the use of vaccines and tick control programs. 

Resistant animals as a disease deterrent 

The concept of breeding for resistance to disease has dominated plant science 
for a long time. In the animal kingdom there is much circumstantial and 
some experimental evidence to show that limited resistance to certain diseases 
exist in cattle. Perhaps one of the best examples is the relative resistance to 
trypanosomiasis of the N'dama and related breeds of cattle on the West Coast 
of Africa. This breed of cattle continues to reproduce in areas of tsetse 
challenge where all other breeds die. In addition, the N'dama is markedly 
resistant to streptothricosis. Many other examples exist such as relative resis
tance of Bas indicus to certain tick-borne diseases and even to the tick 
itself. 

There is little doubt that such resistance is inherited and has developed 
over a long period by pressure selection for survival in the constant presence 
of the tsetse. There is also evidence that such inherited resistance can be 
enhanced by repeated exposure to infection with trypanosomes. 

Some geneticists have shown that inherited resistance can be intensified by 
selective breeding without endangering other qualities, provided one has a 
sufficient number of females with which to start. For many years, workers in 
Australia have led the field of disease-resistant animal selection, accordingly, 
it would be apropos to test their methods in other parts of the tropics. 

Calories for cattle 

No discussion on disease control is valid without considering the importance 
of the total intake of food by cattle, not only for its obvious necessity for 
growth and milk production, but also for its indirect effect on resistance to 
disease. 

In those countries where there is ample land resources for grazing cattle, 
the problem is confined to the periodic availability of an abundance of food. 
Annual climate or excessive drought may change abundance to famine. 
Although the famine itself is severe enough to cause death on a massive 
scale, more often it produces its effect by multiplying the loss from disease. 
Experimental evidence exists to show that animals on a high plane of nutri
tion will suffer much less from helminth infections, e.g., fascioliasis. 
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Where calories are scarce, the art of using them at the correct time is 
paramount, both in relation to the time of the year and to the age of young 
animals, to milk production, and to work loads in draught oxen. All of these 
problems become much more difficult when land resource is limited and a 
choice has to be made between using land for food crops, which man can eat 
directly, and land for grazing cattle. In these circumstances, the exploitation 
of any land not suitable for crops must be explored to the full extent if cattle 
are to justify their place in the economy. Their special qualification is still 
their ability to eat and digest what others cannot. 

Some essential elements for an effective disease control 

Much has been done, much is being done, and more is required to be done. 
The use of this platitude can be justified in the context of the control of 
disease in cattle in the tropics. If the cattle industry is to prosper by efficient 
implementation of new research findings and by full utilization of the produc
tion skills of cattle owners and herdsmen, an adequate veterinary service 
must exist to control disease at both the epidemic and endemic levels. 

To be effective, the veterinarian must be available to be farmer at all times 
just as a physician is available to his patient. He must playa full part in rural 
leadership and be willing to live in the villages and small towns. The distri
bution of veterinarians should eliminate long-distance traveling as such costs 
are bound to continue to increase. Constraints placed on enthusiastic young 
veterinarians are often associated with the problems of housing and transport. 
Salaries must be proportionate to the responsibility they are carrying for the 
industry in a particular country. The agricultural industry is often the largest 
producer in many tropical countries and some non-tropical ones. Thus, for 
veterinarian and regulatory services to be efficient, they must be well-equip
ped and provided with essential drugs and vaccines. 

For the most part, disease control is dependent on the good will between 
the livestock owners and the veterinary service, but there comes a time when 
compulsion by law must take over in the interests of common good. Individ
ual identification of cattle is essential if further progress is to be made in 
disease control. Under the circumstances, maximum utilization of epidemio
logic and preventive vaccination data can be made which in turn should 
result in an efficient disease control program. 

In many countries in the tropics, new assessments need to be made con
cerning the relative importance of certain diseases with a view to advising 

608 



governments on investment priorities. This requires close collaboration 
between the field veterinarian and the man in the laboratory. They share the 
same service. 

Disease control offers challenge and opportunity. The rewards are 
great - for both man and beast. 
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APPENDIX 



TOXIC PLANTS GROUPED BY CLINICAL 
SIGNS AND SYSTEMS AFFECTED 

W.B. Buck and R.M. Sharma 

Abstract: The effects of toxic plants on livestock can be presented in several ways: 
e.g., by botanical classification of the plants, by classification of the known toxic 
principle(s), or by classification of the clinical signs and systems affected. We have 
chosen the latter method since clinical manifestations are most logical to the herdsman 
and attendi ng veterinarian. 

The accompanying table presents many of the plants known to be toxic to 
cattle throughout the world. The list is undoubtedly incomplete and many of 
those listed may be more hazardous to other species of livestock than to 
cattle. The limited space in this book does not allow a complete listing and 
discussion of all species of toxic plants. Hopefully, however, most of the 
important genera are represented. When known, common names are given. 

Special diagnostic aids and specific therapeutic measures recommended for 
certain clinical effects are presented in the last column. One should keep in 
mind, however, that toxic plants prevention is all important. Management 
procedures that prevent consumption of plants during their most toxic stage 
are the best treatment measures available. Before specific therapy is instituted, 
access to the offending plants should be removed. 

Often livestock will not eat toxic plants in hazardous amounts unless forced 
to do so. Management practices such as overgrazing and starvation probably 
cause the majority of plant toxicoses in livestock. Accidental mixing of toxic 
plants in hay or grain or purposefully feeding hazardous forages or grain also 
account for a high percentage of toxicoses. 

General therapeutic measures recommended for animals suffering plant 
toxicoses include administration of gastrointestinal demulcents or mineral oil. 
Tannic acid is recommended orally for precipitating many plant alkaloids, but 
not cocaine, nicotine or atropine. Doses of 5-25 g in 2-4 liters of water are 
recommended and should be followed with oil or cathartics. 

Finally, in diagnosing plant toxicoses it is imperative that evidence be 
obtained that toxic plants have been eaten in sufficient quantities to produce 
toxicosis. Unless this can be done, other diseases and toxicoses should be 
considered in the differential diagnosis. 
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