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PREFACE

African swine fever {ASF) is caused by a virus that is classified as &
member of the iridovirinae family. The disease in the warthog, the natural
host, in Africa was described in 1921 by R.E. Montgomery. The reservoir of
the virus is in ticks. The introduction of domestic pigs into territory
cccupied by warthogs infected with ASF in the 1960's has endangered the
pig industry arcund the world. The domestic pig is highly sensitive to ASF
and develops & devastating disease that kills the pig without giving the
immune system a chance to defend the animal against the virus infection.
The ability of ASF virus to infect a&nd destroy cells of the
reticuloendothelial system leaves a defenseless host that succumbs to an
infection which may be described as an acquired immune deficiency
disease of domestic pigs.

Introduction of the virus into Iberia in the 1960's led to a series of
ASF epidemics in Spain and Portugal, and later in France, that ceused
heavy economic losses. Between 1978 and 1980, ASF virus made its
appearance in Malta and Sardinia, as well as in Brazil, The Dominican
Republic, Haiti, and later in Cuba. In 1985-6, ASF appeared in Belgium and
The Netherlands. In the absence of an effective vaccine, the only way to
stop the spread of the virus among herds is to slaughter all pigs in the
infected regions. This is a costly operation which has marked economic
effects on meat production and on commerce.

The present volume in the series DEVELOPMENTS IN VETERINARY
YIROLOGY deals with African swine fever from various points of view. The
clinical &nd pathobiclogical aspects of the disease, as well as
pathogenesis of the infection, are presented. The molecular biology of the
virus has been detailed, since analysis of the viral DNA and proteins will
eventually provide an understanding of the virus genes involved in the
disease. The differential diagnosis of ASFY is presented, as are the
current approaches to the development of an effective vaccine to protect
pigs against ASF. The epidemioclogy of the virus, also described in this
volume, shows that ASFY is indeed a major threat to the pig industry
around the world.

This volume is dedicated to all the scientists, veterinarians and the
veterinary services whose task it is to eradicate this disease and who
maintain a constant watch to prevent its spread in their respective



X

countries. It is hoped that the material contained herein will be of help to
all of them in their endeavars. | wish to thank all the authors for their
coaperation and contributions.

This book is a tribute to Mr. Raymond Craps, Director VI/F-4,
Directorate-General for Agriculture, Commission of the European
Communities, Brussels, Belgium, in recognition of his two decades of
devotion to research on virus diseases of concern to agriculture. The
continuous support by the Cammission of the European Communities made
passible many of the research developments on African Swine Fever
described in this book.

Yechiel Becker

Jerusalem
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INTRODUCTION
W.R. HESS

African swine fever (ASF) is a complex and devastating disease of
domestic swine. It has occurred in forms ranging from peracute to
acute, subacute, chronic and inapparent and with mortality rates
ranging from close to 100% to as little as 3%. Its causitive agent is
a large icosahedral cytoplasmic DNA virus, and as such has been
tentatively placed in the family Iridoviridae (1). It is the only
member of the family that infects a mammal, and it is the only DNA
virus presently known to satisfy the criteria for classification as an
arbovirus (2). Although it has undoubtedly been present in soft ticks
and the indigenous wild swine in Africa for a very long time, it did
not emerge as a disease agent until breeds of domestic swine from
Europe were brought into Africa. Then, that which existed unbeknown
as an inapparent infection in warthogs now appeared as an acute,
highly contagious and lethal febrile disease of domesticated swine
that was readily mistaken for acute hog cholera (HC). Montgomery
described the disease in a report published in 1921 that recounted his
work on ASF in Kenya during 1909 through 1915 when fifteen outbreaks
occurred involving 1366 pigs of which 1352 or 98.97 died (3). 1In
addition to describing the disease, he established its viral nature,
studied the transmission of the virus and its survival under a variety
of environmental conditions, explored methods of immunization, studied
the host range and indicated the possible role of wild swine in
maintaining the virus in nature. However, he believed the virus to be
another serological type of the causitive agent of HC. Despite the
tremendous advances in technology that have since occurred, some basic
problems that Montgomery was unable to resolve still remain. The

immunology of the disease continues to be obscure, and a satisfactory
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vaccine has not been developed.

Outbreaks of ASF were soon encountered in a number of other areas
south of the Sahara in Africa, and the studies that ensued confirmed
and enlarged upon Montgomery's findings. Warthogs (Phacochoerus
aethiopicus) and bush pigs (Potamochoerus porcus) were found to be

inapparent carriers of the virus (4, 5), but the means of transmission

of the virus from the wild to the domestic pig was not readily
apparent. Arthropods ranging from fleas, lice and ticks to blood-
sucking flies were suggested and in some instances tested as possible
vectors, but the settlers in East Africa found that swine could be
quite safely and profitably produced by confining them to pens that
isolated them from the wild pigs. While the number of outbreaks of
ASF in East African was greatly reduced, elsewhere in Africa where
such methods were not adopted, the disease became established in
domestic pig populations, and considerable losses resulted. In the
Western Cape Province of South Africa in 1933, the disease spread
among 11,000 domestic pigs without intervening passages in wild pigs
(6). Eight percent of the pigs survived, and as suggested by Scott
(7), this was perhaps the first indication that the virus and its new
host were beginning to adapt to each other. However, continued
adaptation was halted in South Africa by a slaughter program that
quickly eliminated all of the surviving pigs in the affected area. In
Angola where domestic pigs were still allowed to range freely, the
swine industry was severely impaired by the disease. Subacute and
chronic ASF began to appear with greater frequency. This was thought
to be the result of modification of the virus through continued
association with domestic pigs (8).

Aside from a greatly enlarged and engorged spleen frequently seen
in pigs that had died with the acute disease (3, 5, 6,), there were no
lesions that distinguished ASF from HC. Challenge inoculation of pigs
immunized against HC was then the only means of distinguishing the two
diseases. Occasionally domestic pigs were encountered that had
survived the infection and were refractory to challenge with the
homologous virus isolate, but the numbers were never large enough to
enable extensive studies to be undertaken (4, 5, 6,). Because the

animals seldom withstood challenge with an ASF virus isolate from a



different outbreak, it was believed that many immunologic types
existed. This was difficult to prove. Virus neutralizing antibodies
were never demonstrated, and surviving pigs were too few to enable
extensive cross immunity trials to be conducted. Also, the survivors
were invariably found to be virus carriers. All efforts to produce
effective vaccines with virus rendered noninfectious by various
chemical or physical means failed.

Because the incidence of subacute and chronic infections was
relatively low, attention centered largely on the more devastating
forms of the disease; therefore, ASF was usually described as a
peracute, fulminating disease with mortality close to 100 Z.
Nevertheless, most of the major swine producing countries were not
greatly concerned until the disease appeared in Portugal in 1957 and
was eradicated but reappeared in 1960 and spread to Spain. At the
outset, the disease on the Iberian Peninsula fit the description of ASF
as it was usually encountered in Africa. In the first incursion of ASF
in Portugal, 17,000 pigs were lost before the disease was eradicated.
At about the same time, modern research on ASF was ushered in by the
discovery of the hemadsorption reaction and the adaptation of ASFV
isolates to growth in cell cultures (9, 10). It was now possible to
quite rapidly and economically diagnose the disease and differentiate
it from HC, and the virus could be accurately assayed and produced in
large quantities without the costly use of pigs. Although an increased
incidence of subacute and chronic ASF was noted in Spain in the early
sixties, the devastating acute disease still predominated, and was the
form involved in the early incursions of ASF in France and Italy.

Malmquist and others (10, 11, 12, 13) found that by passing ASFV
isolates serially in cell cultures, virus strains could be derived that
were no longer capable of producing clinical ASF, and pigs inoculated
with such strains could withstand challenge with the fully virulent
homologous parent virus isolate. In Portugal, virus that had been
serially passed in swine bone marrow cultures was used as a vaccine.
Out of 550,000 animals that received the vaccine, 128,684 developed
postvaccinal reactions including pneumonia, skin ulcers, abortionms,
locomotor disturbances, disturbances in lactation and death (11).

Undoubtedly a large number of inapparent carriers were produced, and it



has been speculated that some of the virus isolates of lower virulence
involved in subsequent outbreaks may have emerged from this
immunization effort (14).

On the Iberian Peninsula where ASF has been enzootic since 1960,
the number of outbreaks has varied in a cyclic fashion over the years.
One of the years of high incidence was 1977. It is perhaps more than
coincidental that the disease appeared in several widely separated
parts of the world the following year. Regardless of their origins,
the vast majority of the virus isolates from those outbreaks have been
ones of low virulence (15, 16), and many of the problems in controlling
the spread of the disease have been complicated by this trend in the
evolution of the disease.
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2

AFRICAN SWINE FEVER VIRUS IN NATURE
W.R. HESS

Thus far, natural infections with ASFV have been found only in
porcine species and ticks of the genus Ornithodoros. In Africa, the
virus has been recovered many times from warthogs (Phacochoerus

aethiopicus) and bush pigs (Potamochoerus porcus), and they have also

been infected experimentally (1, 2, 3). A single isolation was made

from a giant forest hog (Hylochoerus meinerizhageni) (4), and

isolations from a hippopotamus (3) and a porcupine and hyena have also
been claimed (5), but these findings have not been confirmed by
additional isolations, nor have these species been infected
experimentally.

Outside of Africa, other wild Suidae species have become infected
or have been found to be susceptible to infection with ASFV. The
European wild boar (S. scrofa ferus) has acquired the disease from
domestic pigs, and its response to the infection has been clinically
and pathologically similar to that of the domestic pig (6, 7). In
Spain, a survey has indicated that contacts with wild boars account for
5.8% of the outbreaks in domestic pigs (8). In America, feral pigs of
the southeastern United States have been shown experimentally to be
highly susceptible to ASF with responses similar to those of the
domestic pig (9). The American collared peccary that ranges from
southwestern United States to Patagonia belongs to the Tayassuidae
family and is susceptible to a number of virus diseases that affect
domestic pigs, but it is resistant to ASF (10).

Animals other than porcine species that have been tested include
cattle, horses, sheep, goats, dogs, cats, guinea pigs, rabbits,
hedgehogs, hamsters, rats, mice and various fowl. With the exception of
kids up to 4 months old (11), all were refractory to ASFV. The virus

has been propagated in rabbits after a series of alternating passages
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in rabbits and pigs (12, 13, 11). It appears that porcine species are
the only vertebrates that may be naturally infected.

It was early recognized in Africa that ASF outbreaks usually
occurred in areas where infected warthogs existed, but the mode of
transmission of the virus from the warthog to the domestic pig was not
readily apparent. Since pigs placed in contact with infected warthogs
failed to become infected (3, 14, 15, 16), the possible involvement of
bloodsucking arthropods as vectors was explored. Montgomery found that
fleas and lice did not transmit the virus (1). Others confirmed that

the hog louse (Haematopinus suis) failed to transmit the virus by bite

(16, 17) but one study indicated that it was perhaps a mechanical

vector (18). Several hundreds of lice (H. phacochoeri and Haematomyzus

hopkinsi) collected from infected warthogs in Kenya were tested, but no
virus was recovered (19). The suggestion that a flying insect might be
responsible for transmitting the virus from warthogs to domestic pigs
(20) seemed unlikely in view of the fact that "paddocking" of pigs
proved to be an effective means of protecting them from acquiring the
disease (3, 21).

Early attempts to incriminate ticks as vectors of ASFV in Africa
were unsuccessful (3). Ixodid ticks found on warthogs or in their

burrows failed to yield ASF virus, and Rhipicephalis simus and

Amblyomma variegatum which represent 2 genera commonly found on

warthogs were unable to experimentally transmit the virus when fed
sequentially on infected and healthy susceptible pigs (19). Similar
results were obtained by others in attempting to demonstrate ASF virus
transmission with species of hard ticks (17, 22). Following Botija's

announcement that virus was recovered from Ornithodoros erraticus found

on farms in Spain where ASF outbreaks had occurred (23), renewed
efforts were made to isolate virus from the Ornithodoros species
commonly found in the burrows occupied by warthogs in East and South
Africa. These ticks were previously designated as Ornithodoros
moubata, Murray. Although the proper designations now are Ornithodoros

porcinus porcinus (24) or Ornithodoros moubata porcinus complex sensu

Walton (25), O. moubata is used here for convenience to refer to the
eyeless tampan from warthog burrows which has been the main object of

ASF vector studies in Africa.



Experimental transmission of ASFV from infected to healthy
susceptible pigs by O. moubata was demonstrated (17), and in a series
of reports by Plowright and his associates, the potential of O, moubata
as a vector of ASF virus was revealed. Virus was isolated from ticks
collected from warthog burrows (26). Transtadial, sexual and
transovarial transmission of the virus in the tick were established
(27, 28). It has all the characteristics of a true biological vector,
and serves as a reservoir of the virus in nature. The close
association of the virus and the tick has prompted the suggestion that
ASFV may actually be of tick origin (19).

Although the ASFV-0. moubata-warthog complex is probably the most
important natural reservoir of ASF in Africa, it does not account for
many of the outbreaks on the African continent. In addition to
incursions of ASF that result from human activities such as the
movement of infected animals and the feeding of ASFV-contaminated
swill, there are outbreaks that appear to originate from unknown or
undefined reservoirs in nature. In an area of central Kenya at
altitudes of more than 6200 feet above sea level, no ticks were found
in any of the more than 100 warthog burrows examined, yet ASFV
infection in the warthogs was universal, and outbreaks in domestic pigs
occurred (19). On the other hand, there are parts of South Africa
where warthog populations appear to be entirely free of ASFV infection
(21). 1In other areas where 0. moubata and the warthog coexist and both
populations are carrying the virus, there may be substantial
differences from one geographical location to another in the overall
infection rates in the two populations, the infection rates in various
age groups of the warthogs, the maximum virus titers found in each
group and the percentage of warthog burrows yielding infected ticks
(19). There has been much study and speculation concerning the reasons
for these differences (19, 30). However, if we consider the number of
ways that ASFV isolates may differ from one another and the differences
that may exist in a single tick species collected from different
geographical locations, variations in the ASFV-0. moubata-warthog
complex and its epizootiological manifestations are to be expected.

Since ASFV has not been detected in warthog excretions, nor has

evidence of transplacental or milk transmission been found, it is



probable that another arthropod vector is involved in the spread of the
virus in areas where warthogs are infected in the absence of 0.
moubata. The establishment of O. erraticus as a reservoir for ASFV in
Spain clearly indicates that Q. moubata is not an unique arthropod
vector for the virus. In fact, recent studies indicate that most, if
not all, Onithodoros species that will feed on mammals may be capable
of acting as vectors of ASFV. Thus far, 3 species in North America and
the Caribbean Basin, 0. coriaceus, O. turicata and O. puertoricensis
have been shown experimentally to be susceptible to infection with ASFV

and to be capable of transmitting the virus by bite to healthy
susceptible pigs (31). 0. savignyi, a widely distributed species in
Africa , has likewise been found to be experimentally capable of acting
as a biological vector of the virus (32). Since it is found in many
areas where ASF occurs, it may actually be serving as a natural vector
of the disease. None of the ixodid ticks that have been tested have
been found capable of transmitting ASFV; however, only a few species
have been tried. Others that are known to be vectors of several
diseases should be tested before the ixodid ticks are completely ruled
out as potential vectors. In addition to ticks, fleas and lice, there
are a number of blood-sucking insects that are yet to be tested. A
number of new approaches to the control and eradication of insect
populations are being developed. Most require a thorough knowledge of
the biology of the particular arthropod species concerned. Such
information could be of tremendous importance in designing means of

controlling and eradicating ASF,
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AFRICAN SWINE FEVER - CLINICAL ASPECTS
A. ORDAS ALVAREZ and M.A. MARCOTEGUI

Department of Animal Virology. Instituto Nacional de Investigaciones
Agrarias. Embajadores, 68 - 28012 Madrid, Spain.

African Swine Fever (ASF) is a disease which evolves under
different clinical forms, extensively described by many investiga-
tors, including MONTGOMERY (1921), WALKER (1933), DE KOCH et al.
(1940), DE TRAY (1957), MANSO RIBEIRO and ROSA AZEVEDO (1958 and
1961) and POLO JOVER and SANCHEZ BOTIJA (1961).

These authors make evident the close similarity between the
clinical symptoms of ASF, acute and subacute forms in particular,
and those of Classical Swine Fever (CSF). A remarkable difference
between them is that chronic forms are more frequent in ASF than in
CSF.

Due to the threat the disease represents to the world swine
production, a rapid diagnosis is essential to prevent diffusion in
a clean fully susceptible country.

Since the appearance of ASF in the Iberian Peninsula (Portugal
1957 Portugal and Spain, 1960), laboratory diagnostic techniques
have been improved and completed. But before,coming to these tech-
niques, a good knowledge of the clinical symptoms is mandatory in
establishing a primary suspicion, specially in disease-free areas
up to that time. Experiences from the outbreaks occurred in France
(1964, 1968 and 1974), Malta (1978), Sardinia (1978), Cuba (1971,
1980), Brazil (1978), Dominican Republic and Haiti (1979) and final
ly Belgium (1985) confirm it. Ignorance of the clinical symptoms
and their similarity to those of CSF delay the first ASF diagnosis
in a country, since before suspecting the presence of ASF, pigs are
considered affected by CSF or any bacterial disease and only after
unsuccessful treatments to these diseases ASF is suspected, thus
favouring the initial spreading.

When ASF is present for long periods of time in a country, the
initial clinical forms of rapid evolution revert to slower clinical

Y. Becker (ed.), African Swine Fever. Copyright © 1987. Martinus Nijhoff Publishing, Boston, All rights reserved.
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courses and even new clinical forms appear.

In Spain, for example, since ASF appeared in 1960 to the pre-
sent, it has been varying in its clinical aspects. At the beginning
the rate of mortality was practically 100%, modifying slowly along
with the epizooty, to find at the present outbreaks where mortality
is relatively low (2-3%) and, in some cases, inexistent.

Generally, subacute forms are most frequent in ASF, Naturally
occurring chronic forms are sparse since sick and suspected animals
are slaughtered once the positive diagnosis is confirmed, thus pre-
venting studies of the disease's development under natural conditions.

Clinical pictures that ASF presents in domestic and Spanish

wild pigs (Sus scrofa ferus) are very similar.

INCUBATION PERIOD
In a complex disease, as ASF is, with its variable clinical

forms, determining the duration of the incubation period is very
difficult, since it may vary largely depending on a series of factors
including amount of virus, virulence, route of penetration, resistence
to the pig, natural or experimental infection, etc.

In the experimental infection, incubation period varies between
2 and 5 days when inoculated, and between 4 and 19 days when infected
by contact.

In the natural infection this period oscillates between 4 and
10 days, but sometimes it may last for 12 and even 20 days.

Nowadays in Spain, the most highly observed incubation period
in acute and subacute forms, which are the most frequent, lasts for
5 to 7 days,

In the incubation period and before fever appears, which is
the first symptom of the disease, the haemadsorption test of MALQUIST
demostrates virus in blood. This viremia may occur 24 hours before
the onset of fever thus representing an important factor for the
spreading of ASF before it is first diagnosed in a farm or in an

area free of the disease.

CLINICAL FORMS
ASF symptomatology is presently very similar to that of CSF,

a safe differentiation between clinical signs of both diseases is

therefore difficult to perform..
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The clinical course of ASF may evolve under hyperacute, acute,
subacute, chronic and subclinic: or inaparent forms.
Hyperacute form

It was formerly described by MONTGOMERY in 1921 and observed
in Spain during the early years of the epizooty (1960, 1961 and 1962)
when it was the most frequent in the field, Pigs died between 1 and

3 days after the manifestation of the first symptom. Generally,
symptomatology is very scanty, death is usually in apoplectic form.
There is a high temperature, between 41-422 C, accelerated breathing,
hyperemia in skin, sometimes inappetence and sometimes they die eating.

Ineffectiveness and virulence of the virus in these cases are
so high that mortality is practically 100%.

Acute form

This clinical form is most frequent in ASF, In Spain, from
1962 on, the clinical forms more often observed are acute and sub-
acute.

After an incubation period which may vary between 4 and 6
days, the first clinic alteration observed is a rise of temperature
up to 40-422 C, maintained until proximity of death, when it decreases
to lower than normal. However, in some cases death takes place when
temperature is at its maximum peak. This phase may pass unnoticed
if thermic exploration is not performed, since the animal appears
to be normal (Fig. 1).

During this period there is inappetence, capricious appetite,
adynamia, conjunctivitis and, in some cases, ocular mucous or muco-
purulent secretion.

Pigs affected are somnolent, stand with difficulty and some
of them show uncoordinated movements. There are circulatory and
vascular injuries characterized by cutaneous alterations with
hyperemia (exantema) and cyanosis, specially at the ears, extremi-
ties and abdomen., These manifestations may present in form of violet
irregular spots of variable size or in wide areas, hematomes and
necrotic plaques.

In experimental cases, the study of the hematic formula re-
veals a marked leucopenia (linfopenia, monocytopenia and thrombo-
cytopenia),



42

41'5

41

40'5 |

39'5

39

38'5

T EMPERATURE

s -
=

38 1

-5
N f---

D A Y S, P.I.

Fig. 1. Thermic curve. Acute form. + = death

If pregnant sows are in the farm, one of the first symptoms
observed is miscarriage. This occurs generally at day 4-6 after
febrils manifestations. Fetuses and fetal membranes show hemorragic
lesions. Abortion is not caused by fever but as an effect of the
virus, since in umbilical tissues significant a ounts of virus have
been detected. Sometimes abortions are produced by secondary bacterial
infections.

In the digestive tract the most persistent manifestation is
constipation and vomiting, and less frequently diarrhoea. Eventually
hemorragic discharges trough the anus are observed (melena).

Alterations of the respiratory apparatus show very early and
are characterized by disnea, broken respiration and coughing. At
nasal fossa levels, serous, sero-mucous or muco-purulent secretions
may be detected due to pulmonary edema. In some cases, nasal hemo-
rragies (epistaxis) may occur (Fig. 2).

As the disease advances, nervous disorders appear including
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Fig. 2. Acute form. Epistaxis.

somnolence, unsteady walking, motor uncoordination, weakness of the
rear extremities, encephalitic signs, convulsive crises, falling to
the floor, and epistotones appear.

Death generally takes place between days 4-8 after appearance
of the first symptoms and is high., Pigs die by generalized circulatory
insufficience and cardiac failure.

A common observation in one farm is that at the beginning acute
forms are most frequent, its severity eventually subsiding; subacute
forms then appear, to end in chronic forms.

Subacute form:

Symptoms are very similar to those of the acute form, differ-
ing in intensity and duration of the disease.

After om incubation period of 6 to 12 days, pigs show a rise
in temperature and all symptoms of the acute form but, generally,
less accentuated (Fig. 3).

Mortality may vary depending on a series of factors as breed,
management, etc., but it is often high (60-90%). It takes place
between 6 to 10 days after the onset of symptoms and 12 to 25 days
after introduction of virus, due to a generalized lesion of the
reticulo-endothelial system which leads to vascular lesions determining
the cardiac failure,
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Chronic form:

It is produced in those pigs which successfully survive the
subacute form, as described by DE KOCH et al. (1940), DE TRAY (1957)
and SANCHEZ BOTIJA (1962 and 1982).

Frequent symptoms are: discrete, 39,5-40,52 C., irregular and
ondulating fever, somnolence, capricious appetite, loss of weight
and delayed growth.

The clinical features mostly observed are those affecting
lungs, skin and joints,

Symptoms of the respiratory tract include pneumonia in all
its manifestations, dysnea, difficulty in breathing, etc. Sometimes
when the pig is submitted to a violent exercise, it may die by
asphyxia,

Skin lesions are characterized by formation of plaques or
nodules (Fig. 4), ulcerations with necrosis and loss of substance
at the ears, joints, tail and snout (Fig. 5). Some skin lesions are

similar to those produced by allergic phemomena affecting wide
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Fig. 4. Chronic form., Ulceration with necrosis of skin.

extensions of the back and shoulders; sometimes subcutaneous abces-
sés are produced by immunopathologic reactions.

Soft, painless swelling over the leg joints may be observed
(multiple arthritis), more frequently in carpal and tarsal joints,
and also over the jaw (Fig. 6).

The chronic forms' course lasts from one to several months,
alternating activation and remission of symptoms.

Mostality is highly variable and among its causes are pneunonia,
cardiac failure, hyalinization of the muscle fibers on the miocardium.
It only occurs in some pigs (dripping death), the rest usually recover,
cath sometimes occurs after an activation of the disease with acute

ASF clinical picture.

Subclinic or inapparent form

This ASF clinical form was observed primarily by MONTGOMERY
(1921) in one domestic pig exposed to the infection by contact and
later by DE TRAY (1957) although it is not frequent among African
domestic pigs. Nevertheless, this form is current among wild pigs
in Africa (Phacochoerus, Potamochoerus and Hylochoerus).

In Spain, this clinical forms were not found in the early
years of the epizooty and only after 3-4 years they were detected,
rising in number with the passage of the time (SANCHEZ BOTIJA, 1963).
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Fig. 5. Chronic form. Loss of the ear due to
ulceration and further necrosis

These subclinical cases are due to infections with field virus
strains of low virulence. Infected pigs show a discrete disease with
slow course, with no clinically noticiable functional alterations
and appear to be normal,

Subclinical status may also derive from pigs which have recover
ed from an ASF subacute episode and appear to be normal. Nevertheless
these pigs are virus carriers and at necropsy show discrete lesions.
These forms are not clinically detectable and demonstration of anti-
bodies in serum by means of laboratory techniques (indirect immuno-
fluorescence, ELISA; etc.) is necessary.

The increase of these clinical forms in an infected country
brings about a continuous sanitary surveillance to detect these
carrier pigs, which may give rise to hidden outbreaks that may prove
difficult to control and eradicate ASF,
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Fig. 6. Chronic form. Soft, painless swelling in leg joint.

Atypical form

The so called atypical forms are just chronic forms originated
by vaccine virus strains which show residual virulence. They appear
several months after the use of a vaccine virus.

Primarily they were thought to be due to microbial complications
(bacteria and mycoplasma) but it was later demonstrated that they
were originated by immunopathologic phenomena produced by antigen-
antibody reaction in presence of complement.

These clinical forms generally present a picture very similar
to that of the chronic form with pulmonary, cutaneous and articular

symptomatology.
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ABSTRACT

Histologic lesions in pigs induced by a highly virulent African
swine fever virus (Lisbon 60) were compared with lesions induced by a
moderately virulent ASF virus (Dominican Republic). The location of
Tesions in both groups of pigs suggest that ASF virus replicates in the
mononuclear-phagocytic system and has a predilection for specific
lineages of reticular cells (antigen processing cells). The histologic
differences in the effect of high and moderately virulent ASF virus
infection on these antigen processing cells suggests that the fate of
these cells is a major factor in the development of an immune response
and survival or death of the pig.

INTRODUCTION

African swine fever virus (ASF) is immunologically an interesting
disease. Pigs infected with a highly virulent virus i.e. Lisbon 60 (L60),
so designated because 100 % mortality can be expected 6-10 days after
inoculation, develop little or no circulating antibody. Pigs infected
with a moderately virulent virus i.e. Dominican Republic (DR) isolate, an
isolate that causes little or no mortality, develops antibody 4-6 days
after infection. This antibody does not neutralize the virus or clear
the viremia but does block direct immunofluorescence (1). The antibody
response is associated with temperature and leucocyte counts gradually
returning to normal and the viremia gradually decreasing to below detec-
table levels about 35 days after infection (2). The difference in the
immune response in pigs infected by high or moderately virulent ASF iso-
lates could be explained by infection of lymphocytes (3,4 and 5) or by
infection of macrophages and reticular cells (6). The purpose of this
study was to compare the histologic lesions induced by a highly virulent
and a moderately virulent ASF virus to determine if viral virulence was
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related to histopathology and to determine if histopathological dif-
ferences were related to the development of the immune response.

MATERIALS AND METHODS
Virus.
The highly virulent virus was the L60 isolate and the moderately

virulent virus was a DR isolate. The inoculum for both isolates was
homogenized spleen and liver diluted in phosphate buffered saline. The
L60 inoculum had a titer of 105-8 hemadsorbing doses (HAD)gg/ml and the
DR inoculum a titer of 104-7 HAD5g/m1. The pigs were inoculated
intranasally-orally (INO) with 4ml. of the respective inoculum.

Pigs.

Four groups of 18 to 28 kilogram pigs were housed in separate
isolation rooms. The L60 inoculated pigs consisted of one group of five
pigs which were killed or died 4, 7, and 8 days post inoculation (DPI)
and a second group of four which were killed or died on 8 and 9 DPI.
The DR inoculated pigs consisted of one group of five pigs, one of which
was killed at 4, 7, 8, 13, and 16 DPI and a group of 13 pigs, two of
which were killed on days 4, 6, 8, 10, 12, and one at 14 DPI.

At necropsy, tissues were collected for culture and histologic
examination. Tissues for virus isolation were stored at -70C. Tissues
for light microscopy were fixed in 10% phosphate buffered formalin and
those for immunofluorescent microscopy were imbedded in 0.C.T. Compound
(Miles Laboratory) and stored at -70C. Fixed tissues were embedded in
paraffin, sectioned and stained with haemotoxylin and eosin. Frozen
tissues were sectioned and stained with fluorescein conjugated porcine
ASF DR antibody.

Virus Titration.

Virus titrations were done using porcine buffy coat cultures.
Cultures were inoculated with 10-fold dilutions of blood or homogenized
tissue supernatant and examined daily for hemadsorption.

Antibody detection.
Serum antibody to ASF virus was detected by indirect immu-

nofluorescence using ASF virus infected Vero cells on coverslips and
fluorescein conjugated sheep anti-swine IgG.
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RESULTS

The incubation periods and onset of fever, for both the high and
moderately virulent viruses were similar. The animals were viremic by 2
DPI and febrile by 2-4 DPI.

Gross lesions.

The L60 infected pigs euthanatized at 4 DPI had no gross lesion.
Pigs which were euthanatized or died 7-9 DPI had lesions similar to
those described for classical AFS: reddened areas of skin, enlarged
submandibular lymph nodes, markedly enlarged dark friable spleen,
enlarged and severly hemorrhagic gastrohepatic and renal lymph nodes,
petechial hemorrhages in the kidneys, and edema of the lungs.

The DR isolate infected pigs euthanatized 4-10 DPI had mild
hemorrhage in the gastrophepatic and renal lymph nodes; the spleens were
mildly enlarged but had a normal color and texture.

Viral titers

Viremia titers in the DR isolate infected pigs ranged from 105.6
to 107.3 HADgg/m1. Viral titers in gastrohepatic lymph nodes and
spleens ranged from 105 to 106 and 106 to 107 HADg5p/gm respectively.
Immunofluoresence.

Spleen, lymph nodes, lung, liver, and kidney from all L60 isolate
infected pigs which were euthanatized or died at 4-9 DPI were positive
for ASF antigen by direct immunofluoresence.

Spleen, lymph nodes, lung, liver, and kidney from DR isolate
infected pigs euthanatized at 4 DPI were positive for ASF antigen by
direct immunofluoresence. These same tissues from pigs euthanatized at
6 and more DPI were negative for ASF antigen by direct immunofluore-
sence. Sera from pigs negative by direct immunofluoresence were posi-
tive by indirect immunofluoresence for ASF antibody.

Histologic lesions in highly virulent ASF virus infected pigs.

Histologic lesions in lymph nodes, spleens, livers, tonsils, and
brains from pigs that were euthanatized or died at 4-9 DPI with highly
virulent ASF virus (L60) were as follows:

Inguinal lymph nodes.

At 4 DPI, the nodes were normal. At 7 DPI, there was mild

peripheral hemorrhage and postcapillary venules had thickened eosinophi-

lic walls, enlarged endothelial nuclei and an occasional pyknotic



24

endothelial cell nucleus. At 8 DPI, 1 of 4 pigs had vascular changes
similar to the 7 DPI pigs; 2 pigs had pyknotic nuclei in the inter-
follicular areas; and 1 pig had normal nodes. At 9 DPI, 1 of 2 pigs had
many pyknotic nuclei in the cortico-medullary and interfollicular areas;
the other pig had normal nodes.
Submandibular 1lymph nodes.

At 4 DPI, the nodes were normal. At 7 DPI, there were numerous

pyknotic nuclei in the interfollicular areas; postcapillary venules had
thickened homogeneous eosinophilic walls and many mononuclear cells in
the lumens. Nodes from 8 and 9 DPI pigs had a decrease in lymphocytes,
pyknotic nuclei in germinal centers, and postcapillary venules with
thickened eosinophilic walls. In addition, 3 of the 6 pigs had
petechial hemorrhages associated with the necrosis. Numerous necrotic
cells were concentrated in the paracortical areas and extended into the
interfollicular areas. Two pigs had extensive areas of necrosis and
some hemorrhage.
Mesenteric lymph nodes.

At 4 DPI, the nodes were essentially normal. At 7 DPI, reticular

cells in the interfollicular area had abundant eosinophilic cytoplasm
and some postcapillary venules had thickened eosinophilic walls. At 8
DPI, nodes from 3 pigs had small areas of hemorrhage and the nodes from
1 pig also had pyknotic nuclei in the paracortical areas and thickened
postcapillary venules. At 9 DPI, the nodes had areas of hemorrhage;
cells in the paracortical areas were enlarged and some had mitotic
figures; pyknotic nuclei in the interfollicular areas varied from scat-
tered to numerous; and postcapillary venules had thickened walls.
Gastrohepatic lymph nodes.

At 4 DPI, the nodes had scattered small areas of edema, hemorrhage,

enlarged reticular cells and scattered pyknotic nuclei in the inter-
follicular areas. At 7 DPI, there were pyknotic nuclei and hemorrhage
in the interfollicular areas, depletion of lymphocytes, and a few pykno-
tic nuclei in germinal centers. The nodes from 3 of 4 pigs killed at 8
DPI had extensive hemorrhage in the medullary areas and pyknotic nuclei
in the interfollicular areas. At 9 DPI, the nodes had large amounts of
fluid and/or hemorrhage and pyknotic nuclei in the medullary areas.
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Spleen.

At 4 DPI, the marginal zone of the periarterial lymphoid sheaths
had scattered concentrations of erythrocytes, numerous pyknotic and
fragmenting nuclei, and reticular cells with increased amounts of
cytoplasm. At 7-9 DPI, the red pulp was congested, periarterial
macrophage sheaths were necrotic, and periarterial lymphoid sheaths had
pyknotic nuclei and were depleted of lymphocytes.

Liver.

At 4 DPI, the liver was normal. At 6-9 DPI, there were scattered
pyknotic nuclei in the lymphoreticular cell infiltrate in the interlobu-
lar and portal areas, widely scattered pyknotic nuclei in the sinusiods,
and widened spaces of Disse. In addition, one 8 DPI pig had foci of
congestion in which the severity of hepatocyte necrosis involvement
varied from scattered individual cells to necrosis of complete hepatic
cords and to necrosis of groups of hepatic cords.

Tonsils.

Tonsils from pigs 7 and 8 DPI had a depletion of lymphocytes, and
pyknotic nuclei in interfollicular areas.

At 4 DPI the brain was normal. Brains from pigs at 7-9 DPI had
a mild lymphoreticular cell cuffing of scattered vessels and and a mild
lymphoreticular cell infiltrate and a few pyknotic nuclei in the choroid
plexus of the lateral ventricle. Three pigs also had a mild nonsup-
purative meningitis.

Histologic lesions in moderately virulent ASF virus infected pigs.

Histologic lesions in lymph nodes, spleens, livers, tonsils, and
brains from pigs that were euthanatized or died 4-16 DPI with the
moderately virulent ASF virus (DR) were as follows:

Inguinal lymph node.

The nodes from a 4 DPI pig contained many eosinophils. Nodes from
a 7 DPI pig in addition to the eosinophils had post capillary venules
with eosinophilic thickened walls and enlarged endothelial cells. Nodes
from a 13 DPI pig had a few post capillary venules with thickened walls
and enlarged endothelial cell nuclei. An 8 and 16 DPI pig had normal
nodes.
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Submandibular 1ymph nodes.

At 4 DPI, nodes from 1 of 3 pigs were normal. Those from a second
pig were congested and those from a third pig had several foci of pykno-
tic nuclei in interfollicular areas and enlarged endothelial cells. At
6 DPI, nodes from 1 of 2 pigs were normal; the other pig had few pykno-
tic nuclei and mitotic figures in the germinal centers. Nodes from 7
DPI pigs had cortical areas composed of fairly uniform reticular cells
in which there were quite a few mitotic figures and the post capillary
venules had thickened eosinophilic walls and enlarged endothelial cell
nuclei. At 8 DPI, the nodes from 1 of 3 pigs had a few mitotic figures.
Those from a second pig had hemorrhagic areas in which there were
numerous pyknotic nuclei. Nodes from the third pig were hemorrhagic and

a few germinal centers had necrotic cells. Nodes from 10, 12 and 13 DPI
pigs were similar to 8 DPI nodes. Nodes from 14 and 16 DPI pigs were
essentially normal.
Mesenteric lymph nodes.

The nodes from a 4 and 8 DPI pig were normal. Nodes from an 8 and

13 DPI had enlarged reticular cells and an occasional mitotic figure in
the interfollicular areas. A 16 DPI pig had enlarged reticular cells.
Gastrohepatic lymph nodes.

At 4 DPI, nodes from 2 pigs had mild peripheral hemorrhage and 1

pig also had scattered pyknotic nuclei in the interfollicular areas. At
6 DPI, nodes from 2 pigs had mild to moderate peripheral hemorrhage,
scattered pyknotic nuclei in hemorrhagic areas, mitotic figures in
interfollicular areas and post capillary venules with thickened eosi-
nophilic walls and enlarged endothelial cell nuclei. Nodes from pigs
killed at 8, 10, 12, 13, and 16 DPI were similar to the nodes from the 6
DPI pigs.

Spleen.

At 4 DPI, the spleen from 1 of 2 pigs had a few scattered pyknotic
nuclei in the red pulp and the second pig had pyknotic nuclei in several
periarterial macrophage sheaths. At 6 DPI, the spleen from 1 of 2 pigs
had possible enlargement of reticular cell nuclei in the red pulp; the
second pig had pyknotic nuclei in the periarterial lymphoid sheaths,
more pronounced eosinophilic staining of the periarterial macrophage
sheaths and the areas of erythropoiesis. Spleens from pig 12, 13, and
16 DPI had erythropoiesis. The spleen from a 14 DPI pig was normal.
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Liver.

‘__—_—fnlarged Kupffer cells in a 7 DPI Tiver was the only change asso-
ciated with ASF infection.

Tonsils.

At 6 and 7 DPI there were a few mitotic figures in the inter-
follicular areas.
Brain.

One pig at 6 DPI had a mild lymphoreticular cell infiltrate in the
choroid plexus. Two 11 DPI pigs had mild lymphoreticular cell infiltrate
in the choroid plexus, meninges and Virchow-Robbins space of a few
vessels. Brains from the other 14 pigs were normal.

DISCUSSION

The three most striking differences in the infections induced by
the highly virulent and the moderately virulent ASF viruses were: 1.
Very high mortality in pigs infected with the highly virulent virus
versus a low mortality in pigs infected with moderately virulent ASF
virus; 2. Extensive necrosis especially in the spleen and certain lymph
nodes from pigs infected with the highly virulent virus versus little
necrosis in the moderately virulent infection; 3. No or little antibody
production in the highly virulent infection versus an essentially normal
antibody response in moderately virulent infections. Replication of ASF
virus in monocytes and macrophages is well documented (7,8). In
contrast to hog cholera (classical swine fever), ASF virus does not
infect epithelial cells. ASF virus, from the location of lesions
reported here and in the literature (9,10), apparently has a predilection
for the red pulp, marginal zones of the periarterial lymphoid sheaths,
and periarterial macrophage sheaths of the spleen; the paracortical
areas, interfollicular areas and post capillary venules of the lymph
nodes; and Kupffer cells of the liver. Immunologists report localiza-
tion of ingested foreign material and antigen in the periarterial
macrophage sheaths, red pulp, and marginal zones of the periarterial
lymphoid sheaths in the spleen, and medullary areas and follicular
marginal zones of the lymph nodes (11). These sites have in common pha-
gocytic cells of the reticulo-endothelial system. There is evidence for
the involvement of follicular dendritic cells (12), (dendritic reticular
cells), macrophages (13), Langerhan cells and Kupffer cells in presen-
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tation of antigen to T and B lymphocytes for development of an immune
response. Therefore, it is proposed that ASF virus replicates in cells
which process antigen. Evidence against ASF virus directly infecting B
or T lymphocytes is that in fatal infections lymphocytes in the
follicles of lymph nodes (B cells) and lymphocytes in the splenic
periarterial lymphoid sheaths (T cells) are still present after there is
extensive necrosis in the interfollicular areas of lymph nodes and
splenic marginal zones.

Initial infection by ASF virus causes stimulation of cells of the
reticulo-endothelial system, reported here and in the literature (4,10),
as evidenced by increased cell size and mitosis. In infection by highly
virulent ASF virus, it appears that the takeover of the cell is so rapid
and complete that the cells die before stimulation is too evident.
Stimulation is best seen in infections with moderately virulent ASF
virus; the cells and nuclei are large and mitotic figures are not uncom-
mon. This finding suggests that less virulent ASF viruses have attained
a commensal relationship with the cell, because even though the virus
replicates to high titer, sufficient normal cell metabolism must persist
for most cells to survive. These surviving cells apparently retain the
ability to process antigen because anti-ASF IgM was present in detectable
amounts in serum at 4 DPI (J. M. Sanchez-Vizcaino, INIA, Madrid, Spain,
personal communication) and anti-ASF IgG was found at 6 DPI in the DR ASF
infected pigs but not in L60 infected pigs. The antibody response in
moderately virulent ASF virus infection thus appears to be similar to
conventional antigenic stimulation. However, in a conventional viral
disease in which virus neutralizing antibody is produced, the presence of
detectable antibody coincides with the inability to detect viremia. This
is not the case in ASF infection because the antibody produced does not
neutralize the virus. Development of ASF antibody is frequently followed
by an increasing peripheral leucocyte count and decreasing fever; thus,
it appears that the effect of ASF virus infection on reticular cells and
development of an immune response is related to whether or not the pig
survives an ASF infection. How this immune response operates still has
to be determined.
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MOLECULAR BIOLOGY OF AFRICAN SWINE FEVER VIRUS
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ABSTRACT

African swine fever virus particles have a size of about
200 nm and a lipoprotein envelope surrounding an 80 nm virus
core.The virus contains 30-40 proteins,which include many en-
zymes able to synthesize,cap,methylate and polyadenylate func-
tional messenger RNA.The African swine fever virus genome is a
noninfectious double-stranded DNA molecule of about 170,000
base pairs. At both termini the two DNA strands are covalently
linked by a partially base-paired hairpin loop into a single
polynucleotide chain.The virus particle can synthesize in vivo
functional virus mRNAs in the absence of protein biosynthesis.
One of the major biological problems posed by African swine
fever virus-infected animals is that the virus-specific anti-
bodies are not neutralizing. A possibility that may account
for this atypical immune response is antigenic variability,that
has been made clear by a comparison of the binding properties
of a collection of monoclonal antibodies to different African
swine fever virus field isolates. The presence in African swine

fever virus DNA of several multigene families, a finding not

reported for any other virus, may be related to the ability

of African swine fever virus to evade the immune system.

INTRODUCTION

African swine fever (ASF) virus 1is a menace to the pig
population in the world because there is no vaccine. The virus
propagates in ticks and changes easily and different virus
isolates produce diseases with different clinical symptoms or
no disease at all.The control and eradication of ASF requires

rapid diagnosis, drastic slaughter and quarantine (1-3).

Y. Becker (ed.), African Swine Fever. Copyright © 1987. Martinus Nijhoff Publishing, Boston, All rights reserved.
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ASF was first described in 1921 by Montgomery, who repor-
ted several disease outbreaks of domestic pigs in Kenya since
1910 with a mortality close to 100% (4). In 1957 the disease
appeared outside Africa, in Portugal, and in 1960 spread to
Spain. In the 1960s and 70s it was found in France, Italy,
Sardinia and Malta and, in America,in Cuba, Brazil, Dominican
Republic and Haiti. In early 1985 there was an ASF outbreak
in Belgium and in 1986 in The Netherlands. Today, the disease
is enzootic in Sub-Saharan Africa, Portugal, Spain, Sardinia,
Brazil and Haiti.

ASF is produced by an icosahedral deoxyvirus of about 200
nm which infects only species of the Suidae family and ticks
of the genus Ornithodoros (family Argasidae). It is the only
known arbovirus which contains DNA. All attempts to infect
other animal species with ASF virus in an attempt to find a
more adequate experimental model have been unsuccessful (5).

In pig tissues, viral antigens have been associated with macro-
phages and reticular cells, whereas in blood and bone marrow
the main cells involved in the infection are monocytes, poly-
morphs and megakaryocytes. Cells lining some blood vessels
degenerate only late in infection (6).

The ASF virus-specific antibodies induced in the infected
animals are neither protective in vivo nor neutralizing in
vitro (4,7). The reasons for this peculiar immune response are
unknown. It is likely that, without knowledge of the ASF virus
evasion mechanism from the host immune system, it will be diffi-
cult to obtain a vaccine. For this, it will be necessary to
have a better understanding of the structure and components of
the virion and the details of infection of sensitive cells.

ASF virus replicates in vitro in pig monocytes and macro-
phages, a small fraction of polymorphs and, perhaps, some
endothelial cells, but not in resting, or mitogen-stimulated
T or B lymphoéytes (8-11) .Macrophages from resistant animals
do not produce infectious virus in vitro (12). After adapta-
tion, some ASF virus isolates multiply in primary cell cultu-
res from pigs or in established cell lines from swine or virus-
resistant animal species (3). Most of the studies mentioned in
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this review have been carried out with the virus isolate BA71,
adapted to VERO cells, BA71-V (13).

VIRUS PURIFICATION — STRUCTURAL PROTEINS.

Extracellular ASF virus particles, essentially free of
membranes, can be obtained by equilibrium centrifugation in
Percoll density gradients. The purified virus sediments as a
single component in sucrose velocity gradients with a sedimen-
tation coefficient of 3,500+300S, has a DNA-protein ratio of
0.05+0.01 and a specific infectivity of about 5 x 107 plagque-
forming units/ug of protein. The total to infectious particle
ratios in purified preparations is 10-50. The virus infectivity
does not decrease after storage at -702C for at least 7 months
(14).

Polyacrylamide gradient gel electrophoresis of virus
labeled with either 35 14

dissociated with sodium dodecylsulphate and mercaptoethanol

S-methionine or C-amino acids and
separates about 34 bands. The molecular weight values of the
virus proteins range from 150 to 10 K (1 K = 1000 daltons)
(Fig.1). A similar profile is obtained when the proteins are
stained with silver nitrate. Some of these proteins are
enzymes, involved in the synthesis in vitro of the viral mRNAs
that are indistinguishable from those synthesized in the in-
fected cells in the presence of cytosine arabinoside, an in-
hibitor of the viral DNA synthesis (Table 1).

Up to one-third of the ASF virus structural proteins
might be cellular proteins, since the corresponding bands are
more intense in virus particles purified from cells labeled
with 35g
from cells labeled after infection. These proteins might ac-

-methionine before infection than in those purified

count for the reactivity of purified ASF virus with antisera
raised against uninfected cells, and some, if not all,of them
are incorporated into the virions since the infectious par-
ticles can be precipitated with sera against uninfected cells
in the presence of Staphylococcus aureus (14). The biological

significance of the presence of these cellular components in
the virus particles, specially their possible relationship
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Fig. 1. Structural proteins of extracellular ASF virus parti-
cles. Polyacrylamide gel electrophoresis of Percoll-purified
ASF virus (a,c,and e) and vesicles (b,d,and f) obtained from
unlabeled cells (e and f) and from cells labeled with 35S-
methionine after (a and b) or before (c and d) infection. An
equal amount of label was placed in each lane. The specific
radioactivities of the samples were 7,541, 11,631, 2,143 and
9,657 cpm/ug of protein in lanes a, b, c¢ and 4, respectively.
Radioactive and unlabeled protein bands were detected by fluo-
rography and silver staining, respectively. Lanes a through d
and lanes e and f were from two different gels. Molecular weights
(in thousands) are indicated. Reprinted with permission from (14).
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Table 1. Enzymatic activities present in ASF virus particles.

RNA polymerase
DNTP —» RNA + nPP;

PolyA polymerase
nATP +N(-N) —> N(-N)_ = (-A) + nPP,

Nucleoside triphosphatase
(d)NTP +H,0 — (d)NdP + P,
Stimulated by RNA or DNA

RNA guanylyltransferase
GTP + ppN(—N)m>—> GpppN(—N)m

RNA (guanine-7-) methyltransferase
AdoMet + GpppN(—N)m —> m7GpppN(—N)m + AdoHcy

RNA (nucleoside-2'-)methyltransferase

AdoMet + m7GpppN(—N)m-—> m7Gppme(-N)m + AdoHcy

Deoxyribonuclease (pH 4.5 optimum)

DNA + H20 —>

Deoxyribonuclease (pH 7.5 optimum)

DNA + H20 —

DNA topoisomerase

Coumermycin sensitive

Protein kinase
ATP + Protein —> P-Protein + ADP




36

with the peculiar ASF virus-induced immune response, is un-
known.

In contrast to all the viruses with a lipoprotein en-
velope, ASF virus lacks glycoproteins, a property that it
shares with the iridoviruses. However, highly purified ASF
virus particles contain in their surface two non-protein,
glycosylated components of apparent molecular weight 230 and
90 K that interact specifically with some lectins (15).

VIRUS STRUCTURE

The ASF virus morphology is similar to that of the irido-
virus that infect vertebrates. The particle consists of a
core, with a diameter of about 80 nm, that contains the DNA,

a lipoprotein envelope surrounding the virus core and the
capsid. The extracellular virus has an external envelope,
derived by budding through the plasma membrane (16).The capsid
consists of a hexagonal arrangement of capsomeres which appear
as 13 nm long hexagonal prisms, each with a central hole. The
intercapsomere distance is about 8 nm and the triangulation
number equals or is larger than 208 (17) (Fig. 2).

The critical antigens that induce the synthesis of either
protective antibodies or cytotoxic T lymphocytes against in-
fectious agents are either external proteins in the virion or
virus-induced proteins incorporated in the infected cell mem-
brane, respectively. The identification of these antigens is
important to study the immune response of the infected animals.
The use of monoclonal antibodies specific for different ASF
virus structural proteins (18) has allowed identification by
immunoelectron microscopy of some antigens, such as proteins pl4,
pl2, p24, that map at the outer region of the virus, among
others (19). Treatment of highly purified ASF virus particles
1251 has allowed identification
of proteins p35, pl7, pl4, pl2 and pl0 in the virion periphery.

with either non-ionic detergents or

DNA
The ASF virus genome is a large double-stranded DNA
molecule of about 170 kb (1 kb = 1000 nucleotide pairs). 1In
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Fig. 2. Structure of ASF virus particles. A. Purified virus
fixed with glutaraldehyde and negatively stained with sodium
phosphotungstate; the particles are not permeable to the con-
trasting agent and show few structural details. B. In a broken
particle the penetration of the contrasting agent allows the virus
layers to be seen. C. A freeze-dried particle, shadowed
with platinum; the hexagonal outline of virus and shadows shows
the icosahedral symmetry of the virion. D, E. Thin-sections
of well (D) and badly (E) preserved particles. F. Negatively
stained capsid of virus treated with detergent to remove the
external membrane, showing the periodic structure of the cap-
sid. G. Tridimensional reconstruction of the capsids shown
in F. Reprinted with permission of (17).

contrast to a previous claim (20), ASF virus DNA is not infec-
tious, consistent with the presence within the virion of the
enzymes necessary for DNA transcription (21,22). At both ends
the two DNA strands are covalently linked by a partially
base-paired hairpin loop into a single polynucleotide chain
with a length of 37 nucleotides, composed almost entirely of
A and T residues. The loops at each DNA end are present in
two equimolar forms that, when compared in opposite polarities,
are inverted and complementary (flip-flop) as in the case of
poxvirus DNA. The hairpin loops of ASF and vaccinia viruses
have no homology, but both DNAs have a 16 nucleotide-long
sequence, close to the hairpin loops, with a homology of
about 80 percent. Following the hairpin loops there is a 2440
nucleotide-long perfect terminal inverted repeat which
consists of unique sequences interspersed with 42 direct repeats
in tandem of 34 nucleotides, 5 repeats of 24 and 3 of 33 nu-
cleotides. Some regions in the terminal inverted repeats of
ASF DNA show up to an 80 percent homology with similar re-
gions in vaccinia virus DNA (A. Gonz&lez, V. Calvo and E.
Vifiuela, unpublished data). A comparison of the genome of
several ASF virus isolates by restriction endonuclease map-
ping has shown the existence in ASF virus DNA of a constant
central region of 125 kb and two variable regions located
within and near the terminal inverted repeats (R. Blasco,

M. Agliero and E. Vifiuela, unpublished data) . Most of the
properties of ASF virus DNA are similar to those of vaccinia
virus DNA.
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Fig. 3. Transcription map of ASF virus DNA. Reprinted with permis-
sion of (23).

VIRUS REPLICATION

ASF virus infection starts with the interaction of the
virus with a cell receptor. Titration experiments have shown
the existence in both VERO cells and swine macrophages, but
not in rabbit macrophages,of a receptor for the VERO cell-
adapted virus. Virus penetration takes place by a mechanism
of adsorptive endocytosis, that is sensitive to lysosomotro-
pic drugs (A. Alcami, A.L. Carrascosa, and E. Vifiuela, unpu-
blished data).

Early RNA synthesized in ASF virus-infected cells in the
presence of protein or DNA synthesis inhibitors hybridize
preferentially to four regions in the genome, with coordina-
tes E1 (0-51.9 kb), E3 (63.7-75.2 kb), E5 (100.1-111.6 kb)
and E7 (150-170 kb) (Fig. 3). The RNA synthesized in vitro
by the RNA polymerase associated with ASF virus particles
hybridizes to the same DNA regions as early RNA. After hybri-
dization selection with DNA restriction fragments and trans-
lation in reticulocyte lysates the RNA synthesized in vitro



40

produces the same proteins as the RNA synthesized in infected
cells in the presence of cycloheximide or arabinoside cytosine.
This suggests that early RNA is synthesized in the infected
cells by the virus-associated RNA polymerase (23).

After DNA replication, new RNA species arise that hybri-
dize with DNA regions not transcribed in vitro or in infected
cells in the presence of protein or DNA synthesis inhibitors
(late RNA). These regions are L2 (51.6-63.7 kb), L4 (75.2-
100.1) and L6 (111.6-150 kb). In addition, late RNA is comple-
mentary to regions L1, L3, L5 and L7 which also hybridize with
early RNA, possibly due, at least in part, to the stability
of some early RNAs (Fig. 3). A comparison of the translation
products in vitro of early and late RNAs, selected with res-
triction fragments, has established which regions
code for early transcripts only and for early and late RNAs.
Many of the early messengers are present in an active form
at late times after infection. This agrees with the observa-
tion that many early proteins are still synthesized after DNA
replication. Genes for late proteins accumulate within a cen-
tral region with coordinates 35.7-153.7, whereas the DNA ends
code mainly for early proteins (23). Late RNA transcription
is, like early RNA synthesis, host RNA polymerase-II indepen-
dent, since the synthesis of both takes place in the presence
of either a-amanitin or 5,6-dichloro-1, B, D-ribofuranosylben-
zimidazole (J. Salas, M.L. Salas and E. Vifiuela, unpublished
data) .

A two-dimensional gel electrophoresis analysis of 1lysates
from ASF virus-infected cells, pulse-labeled with 35S—methio—
nine at different times of infection, has demonstrated
81 acid and 14 basic virus-induced polypeptides, whose mole-
cular weight values range from 220 to 10 K. We could define
three classes of ASF virus-induced proteins: one for which
synthesis starts early after infection, continues for a period
and then siwtches off; another for which the synthesis also
starts early but continues for prolonged periods; and a third
which requires DNA replication. Some of the virus-induced

proteins undergo posttranslational modification, such as
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glycosylation (24,25, M. del Vval and E. Vifiuela, unpublished
data) , phosphorylation (25), and possibly protease-processing
(18) . The regulation pattern of the ASF virus-induced proteins
is similar to that of poxviruses (26-28) and differs from
that of frog virus 3, where the appearance of late proteins
is not dependent on virus DNA replication (29).

Until now there are only two enzymatic activities that
have been reported to increase in ASF virus-infected cells,
a th¥midine kinase (30) and a phosphonoacetic acid-sensitive
DNA polymerase (31,32).

The replication of ASF DNA does not occur in enucleated
cells (33). It is unclear if replicating viral DNA is present
within the nucleus or only in the perinuclear region (34-36).
An analysis of ASF virus replicating DNA molecules has shown
the existence of head-to-head and tail-to-tail linked molecules
(A. Gonzdlez, J.M. Almendral, A. Talavera and E. Vifiuela, un-
published data) that may be replicative intermediates formed
by some of the mechanisms proposed for poxvirus DNA replica-
tion (37,38).

TAXONOMY

Although the morphology (17), the lack of structural
glycoproteins (15), the absence of neutralizing antibodies
and the requirement of the cell nucleus for virus DNA repli-
cation (33) are properties that ASF virus and frog virus (29)
have in common, many other properties of ASF virus are similar
to those of poxviruses.

The DNA from both ASF and vaccinia virus is a unique
sequence with hairpin loops and terminal inverted repeats
(39-42). In contrast, iridovirus DNA is circularly permuted
and has direct terminal repeats (43-45).

ASF and vaccinia virus particles contain the enzymes
needed for the synthesis of virus messenger RNA (21,22,46,47).
Moreover, RNA polymerase of either virion recognizes some,
if not all, the early promoters present in either DNA (A. Ta-
lavera and E. Vifiuela, unpublished data) and the RNA synthesis

of early and late viral RNA is resistant to c-amanitin (J.Sa-
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las, M.L. Salas and E. Vifiuela, unpublished data). In contrast,
the presence of RNA polymerase in iridovirus is controversial
and the RNA synthesis in frog virus 3-infected cells is sensi-
tive to e-amanitin (29). The messenger RNA from either ASF
or vaccinia virus-infected cells is polyadenylated. In con-
trast, the frog virus 3 specific messages are not polyadeny-
lated. Finally,ASF and vaccinia virus induce the synthesis
of glycosylated proteins, whereas frog virus 3 does not (24,
48, M. del Val and E. Vifiuela, unpublished data).

The ASF virus properties exclude it from all the families
defined by the International Committee for Taxonomy of Viruses
(49) and support the establishment of a new family, with ASF
virus as the only known representative.

GENETIC AND ANTIGENIC VARIATION

A possibility to account for the lack of detection of
neutralizing antibodies in sera from ASF virus-infected animals
is antigenic variation of critical antigens. Indications that
ASF virus undergoes antigenic changes are the following : 1)
pigs infected with attenuated viruses, derived from virulent
ones by passage in porcine leukocytes in vitro, are partially
resistant to the original but not to other virulent isolates
(50-53), 2) a soluble antigen, isolated from the spleen of
infected pigs, seems to be isolate-specific (54), 3) the hemad-
sorption-inhibition reaction (55-57), the complement-mediated
cytolysis (58), and the antibody-dependent cellular cytotoxy-
city (59), have made possible the distinction of different
virus isolates.

An approach to study virus variability is to compare
restriction patterns and maps of different virus isolates
(60,61) . We have analyzed 23 ASF virus field isolates (9
African, 11 European and 3 American) by comparing the number
and size of their Sal I fragments. The comparison of the res-
triction maps derived for each isolate revealed the existence
of a central, highly conserved region that spans the majority
of the genome (w125 kb), where few changes were detected (in

general, appearance and disappearance of restriction sites)
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and two variable regions close to the DNA ends, which showed
deletions or additions up to 8.6 kb (R. Blasco, M. Agliero and
E. Vifiuela, unpublished data).

Nucleotide sequence analysis of the variable regions has
shown the existence of a multigenic family with homologous
genes at either DNA end, close to the terminal inverted repeats
(A. Gonzdlez, V. Calvo and E. Vifiuela, unpublished data). A
second gene family has been found between 10 and 20 kb from
the left DNA end, within the most variable region of ASF virus
DNA, with a complex pattern of repeats that seems to account
for the deletions or additions found in that region in different
virus isolates (J.M. Almendral, R. Blasco, F. Almaz&n, M.
Agliero and E. Vifiuela, unpublished data). The possibility
that the existence of gene families in ASF virus DNA, a pro-
perty not described until now for any other virus, is related
to the virus escape from the host immune system will have to
wait until the function of the putative proteins encoded with-
in those regions is known.

The availability of a collection of monoclonal antibo-
dies which recognize ten ASF virus proteins has allowed us to (1)
determine the antigenic changes of ASF virus passaged in ei-
ther porcine macrophages or monkey kidney (VERO) cells, (2)
show the existence in a single pig of variants with different
antigenic properties and (3) compare the binding properties
of 23 field virus isolates (13).

Some proteins, like p72, are stable after passaging the
virus in macrophages, whereas other proteins change after 20
(p17, p220/pl150) or 10 passages (p27) (Fig. 4). The virus
passaged in VERO cells changes much less than in macroohages.

From seven clones isolated from the spleen of an infected
pig, one showed changes in protein pl150, p37 and pl4, other
slight changes in protein p220/pl150 and a third clone in pro-
tein p27 (Fig. 5).

In field virus isolates, we have detected antigenic
changes in 6 out of 10 ASF virus proteins for which there are
available monoclonal antibodies, suggesting a broad distribu-—
tion of the variability (Fig. 6). The most variable proteins
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(TGE) , an unrelated virus, was used as a control. Reprinted with
permission of 13.

in the African isolates were pl50 and pl12. Protein pl50 is

a structural protein localized in the nucleoid

in the virus particle and is antigenically related to protein
p220 (18,19) ,a virus-induced, nonstructural protein that seems
to be inserted in the membrane of infected cells (J.F. Santa-
rén and E. Vifiluela, submitted to publication). In contrast
with the African isolates, protein pl2 from the non-African
viruses did not change. Protein pl2 is a major structural
protein, localized near the virion periphery (18,19).

The antigenic stability of protein p72 is important
because it is the main antigen used in the detection of ASF
virus-specific antisera by an enzyme immunoassay for the
diagnosis of infected pigs (62, C. Vela, L. Enjuanes, A. Sanz
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Fig. 5. Binding of monoclonal antibodies to ASF virus clones
isolated from the spleen of a pig infected in the field with
ASF virus BA71. The binding percentage value of each monoclo-
nal antibody to each virus isolate, relative to the binding

to a reference virus (BA71), was calculated by using the for-
mula 100 (Cj54-C15)/(Cij-C14), where Ci4§ = cpm of monoclonal
antibody i bound”"to the clone j (1,2,...7); Ci1j5 = cpm of a
blank monoclonal antibody specific for protein p30 from Moloney
leukemia virus; Ciy = cpm of control of monoclonal antibody i
bound to the referénce virus 1; C;; = cpm of blank monoclonal
antibody 1 to the reference virus 1.0, 0-19; 20-40; W 41-
100 binding percentage values, relative to the clone 1 binding
value taken as 100. Reprinted with permission of (13).

Fig. 6. Binding of monoclonal antibodies to African, European
and American ASF virus field isolates. Symbols as in Fig. 5.
Reprinted with permission of (13).
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and E. Vifiuela, unpublished data) .
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CHARACTERIZATION OF ASFV PROTEINS
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ABSTRACT

The analysis of polypeptides made in cells infected with African swine
fever virus (ASFV) by high-resolution polyacrylamide gel electrophoresis
revealed the synthesis of at least 44 polypeptides ranging in molecular
weight from 9.5 K to 243 K. Most of the proteins are synthesized within
the first eight hours after infection and can be classified as immediate-
early, early or late proteins. Some are modified by the incorporation of
prosthetic groups: of these, at least eight were phosphorylated, and three
specific viral glycoproteins were detected by immunoprecipitation. The
polypeptides are localized in the nucleus and cytoplasm of infected cells,
but their function is unknown. They were classified as structural and non-
structural polypeptides on the basis of their mobility in relation to the
virion. Of the 28 polypeptides identified in intracellular virus, 23 are
structural polypeptides. The other five could be cell polypeptides
associated with the virus,as is the case with VP42 identified as cell actin.
At least 34 polypeptides have been identified in extracellular virus where
most of the major structural polypeptides correspond to those of the intra-
cellular virus. The localization of these polypeptides in the virus was
achieved by treatment with detergents and NaCl. No polypeptide that inducecs
neutralizing antibodies has been found, but the major structural protein
(VP73) could be important as an effective antigen in ELISA studies in the

control of the disease.

INTRODUCTICN

African swine fever virus (ASFV) causes a highly contagious and
generally fatal disease of pigs (1-4). This virus, which is an icosahedral
cytoplasmic DNA virus, is classified with the Iridoviridae (5). A
characteristic of this family has been the failure to obtain neutralizing

antibodies (5). In the case of African swine fever, however, pigs infected
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with this virus may recover and resist challenge with the same strain of
ASFV, but the mechanisms of recovery and resistance have not yet been de-
fined (6-8); therefore, a satisfactory vaccine has not yet been developed
either. Further knowledge of viral proteins can contribute to studies as
to their role in the immunology and control of the disease. With regard to
the latter, the major structural and infectious protein (VP73) is being

used as a diagnostic reagent (9) in epidemiological studies.

POLYPEPTIDE COMPOSITION OF VIRION

Purification of virus

The analysis of structural proteins has been done mainly using two
procedures for virus purification. These are based on centrifugation in
sucrose (10-13) or percoll gradients (14). The two procedures are in agree-
ment regarding the number and composition of the major proteins, although
they were done with either intracellular (13) or extracellular virus. The
criteria used to judge purification of intracellular virus were (i) morpho-
logical: intact and purified virus preparations as seen by electron micro-
scopy (12); (ii) biochemical: contamination with cell DNA and proteins (15)
was measured, and it was only possible to detect polypeptides as phospho-
proteins (16) and glycoproteins (13) in the purified virus preparations;
(iii) structural: the treatment with detergent and NaCL eliminated the
external envelope and the major structural protein VP73 (13). This treat-
ment quantitatively conserves minor proteins with a molecular weight above
that of VP172, not described in extracellular virus (14). Although the
recovery of infectivity was poor, possibly because of the conformational
changes on the surface of the virus or poor virus recovery, the viral
particles were intact, and reproducible preparations were obtained. The
criteria for purification of extracellular virus were based fundamentally
on contamination with the cell vesicles and the infectivity of virion. The
first criterion was not applied to intracellular virus, although the treat-
ment with detergents (NP40 or deoxycholate) plus a high concentration of
salt (0.5M NaCl) may dissolve the vesicles. The preparations in percoll do
not seem to be able to be reproduced because protein p45 differed in two
preparations (14, 17). The preparations appeared to be disrupted, as seen
by electron microscopy (18). The integrity of particles is more important
in the study of virus components than infectivity. The two methods, however,
produce similar patterns of structural polypeptides, at least in the major

viral proteins.
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Number of structural polypeptides in the virion

It is of interest to study both intra- and extracellular virus in order
to understand the role of external viral proteins in the immunological re-
sponse. At least 28 polypeptides have been identified in intracellular virus
with molecular weights ranging from 11.5 K to 243 K (13). The virus was
purified by centrifugation in NaCl-sucrose gradients, and the proteins were
analyzed by polyacrylamide gel electrophoresis. The polypeptides were
divided into three groups according to their relative abundance. The first
group consists of VP172, VP73 (the major structural protein), and VP15, which
are most abundant. (VP refers to the viral structural proteins and the number
to the molecular weight x 10_3). The second group contains VP42, VP36, VP32,
VP25.5, VP12 and VP11.5 which are present in moderate amounts, and a third
group of polypeptides which occurs in lower concentrations. Some structural
proteins may represent cell components like VP42, identified as cell actin
(13) and VP232, VP219, VP92 and VP32. It is difficult to establish a rela-
tionship between intracellular and extracellular virus because their pro-
teins may differ (20) and the virus strains and cell systems are also
different. The patterns of structural proteins are similar at least in the
major components. VP172, VP162, VP146, VP73, VP42, VP37, VP34,VP32,VP25,5,VP24.5
VP15, VP12 and VP11.5 (13), respectively, were purified from extracellular
virus by percoll gradients, corresponding to P150, pl35, pl130, p72, p4s,
p37, p35, p34, p29, p27, pl7, pl4, and plO. The last-mentioned may overlap
with VP11.5 (13) or may, together with pl25, form a component of extra-
cellular virus. It is more difficult to correlate the minor components,
because they are not well defined in the extracellular virus protein gels
(14), where 34 polypeptides, ranging in molecular weight from 10 K to 15C K
were detected. In other studies of extracellular virus, purified in sucrose
gradients, the VP172, VP73, VP42, VP36 and VP32 of intracellular virus were
found to correspond with VP1 (125 K), VP2 (76 K), VP3 (50K), VP4 (44 X),
and VP5 (39 K) (10), and the components 1,6 (75 K), 9 (43 K), 10 (41 k) and
11 (33 K) (11). The differences in molecular weight found in various
laboratories were mainly due to the standard proteins used as a reference.

In some studies, proteins with molecular weights larger than 68 K (10, 11)

were not included, or the molecular weights of standard proteins such as
myosin were taken to be either 220 K (13) or 200 K (14). According to this,
the changes in molecular weight of IP243 and IP172 (13) are p220 and pl50 (14).
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Localization of polypeptides in the virion

ASFV is an enveloped virus with icosahedral symmetry (3, 18). The
localization of polypeptides in the virion has been studied by treatment
with detergents (10, 13) and salt (13). By treatment of intracellular virus
with Nonidet P40 (NP40) and 2-mercaptoethanol (2ME), it was possible to obtain
subviral particles (core I) that have lost some proteins and have a density
in CsCl of 1.31 g/cm3 which is higher than that of the complete virus
(1.23 g/cms) (13). Under these conditions, the external envelope of the
virion was removed, as seen by electron microscopy (13, 18). In some studies,
particles with spikes or fiber-like projections were observed (15), but not
in other studies on iridoviruses (18). The major components of this envelope
seem to be the VP15 and VP11.5 (13) associated with another eight minor com-
ponents. When treated with NP40, 2 ME and NaCl, the virus loses its major
structural protein (VP73), and it is possible to obtain other subviral
particles (core II) (13). This indicates that VP73 is the major component
of the capsid (13, 18). The major component of the internal core is protein
VP172 which is associated with eleven additional proteins (13). After
analogous treatment of extracellular virus with NP40 without 2ME, viral
fractions with polypeptides different in composition were obtained (10),
and the viral particles did not have viral DNA (13). By reaction with
specific monoclonal antibodies, VP73 has been localized on the surface of
the virion (19). Studies on solubilization of viral proteins are important
for understanding the immunological and enzymatic properties of viral
components (20).

Modified structural proteins

The presence of glycoproteins was studied by the incorporation of
3H-glucosamine and 3H-fucose in the structural components. These two sub-
stances occurred in intracellular virus in three components that corresponded,
in mobility, to the minor polypeptides VP89, VP56 and VP51 (13). VP51 had
the highest content of the precursors. The specificity of these proteins,
as viral proteins, can be confirmed by immunoprecipitation from infected
cells (16). The three components are solubilized from the intracellular
virus by treatment with NP40 and NaCl, suggesting their localization in the
envelope or external surface of the virus. In extracellular virus, two
regions of glycoproteins have been determined (11), but they seem to be
unrelated to intracellular virus (13). Although the first group presents a

similar electrophoretic mobility, the differences may be due to the
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electrophoretic system used.

The major structural protein in the envelope (VP15) can be classified as
a phosphoprotein by the incorporation of 32P-orthophosphate into the intra-
cellular virus (16). Other possible structural phosphoproteins may be the
polypeptides VP80, VP54, VP34 and VP24.5 (16).

Virion-associated enzymes

Several experiments (21, 22) have suggested that a DNA-dependent RNA
polymerase associated with the virion exists, although no controls were
reported in virus purification (21). 5% polyethelene glycol (PEG) was used
to concentrate extracellular virus, and under these conditions the PEG could
associate extraneous proteins with the virions (23). In addition RNA-modifying
enzymes (22), topoisomerase (24), nucleoside triphosphate phosphohydrolases
(22), and protein kinase (25) have been associated with the virion.

Immunological reactivity of structural viral proteins

In the experiments on fractionation of the virus by treatment with
detergents, it was shown that the envelope proteins solubilized with NP40
and 2ME did not produce a reaction, or did so very poorly, with hyperimmune
serum (13). This could be related to the failure to neutralize ASFV by
polyclonal antibodies (26). The treatment of virus with NP40, 2ME and NaCl
however, showed that at least proteins VP172, VP162, VP146 and VP73 act as
antigens in the natural infection (13). Different treatments, with and
without NaCl in the presence of NP40 and 2ME, have allowed preparations of
about 90% purity to be obtained from the major structural protein (VP73)
which is used as an effective antigen in the ELISA test (27). This test
has been commercialized and can be very useful as a screening tool in the
control of the disease. Antisera produced in pigs inoculated with VP73,
however, do not have a neutralizing effect in vitro, and immunization does
not protect pigs against the viral infection (28). Neutralizing monoclonal
antibodies,with specificity against a cell protein,which seems to be a

structural protein (p24) of extracellular virus, have been obtained (17).

SYNTHESIS OF VIRAL PROTEINS IN INFECTED CELLS
Effect of virus infection on cellular protein synthesis
The infection of MS cells cells with ASFV inhibits the synthesis of

proteins that occurs from 4.5 hr pi (29). This suggests that the inhibition
may be produced by a late protein and could be related to a structural com-

ponent of the virus particle, as occurs in other DNA viruses (adenovirus,
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frog virus 3, HSV-1 and vaccinia virus) (30). The shutoff is less rapid and
drastic than in poxvirus and herpesvirus, but it is clearly demonstrated
between 22 to 36 hr p.i. in relation to cell actin synthesis (16).

Identification and enumeration of viral proteins

ASFV DNA is a linear double-stranded (12, 31) cross-linked (32) molecule
with a molecular weight of about 108 (12, 30) which can code for the synthesis
of about 100 polypeptides of average size. Initial studies resolved 34 poly-
peptides in infected cells, ranging in molecular weight from 9.5 K to 243 K
(29). Infected cell polypeptides (IP) are defined by the following criteria:
a) stimulation in the rate of synthesis after infection, b) immunoprecipitation
by antisera against viral antigens, and c) differences in electrophoretic
mobility. (IP is expressed as the molecular weight of the polypeptide x 1073).
We have recently introduced a new emuneration - ICP (infected cell polypeptide)-
given in the order of polypeptides according to size (Table 1) (33). We have
numbered the IP in order to facilitate the comparison of proteins amongst
different laboratories, since different standard molecular weights apply to
the same protein, and in future studies by two-dimensional electrophoresis,
one band may correspond to several polypeptides: IP13 and IP12 produce at
least four spots of high intensity with a pK of about 6 (  Urzaiqui et al.,
unpublished results). MS cells infected with ASFV and labelled with
14Cc_amino acids were examined by high resolution sodium-dodecylsulphate,
polyacrylamide gel electrophoresis and showed 44 infected cell polypeptides
(16, 33). We have defined the IP as structural or non-structural polypeptides
on the basis of their electrophoretic mobility, as compared to polypeptides
from purified virus, pending a more complete characterization of these
proteins (Table 1).

Although the patterns of the IP are similar in different cell systems
(pig leukocytes, Vero, MS and BHK cells) infected with several virus strains
(33, 34, 35), differences in some polypeptides have been detected (36), such
as the change of IP10 to IP13.5 for the 608V55 strain (33, 34, 35). Changes
in the mobility of some proteins have been detected by immunoprecipitation (36).

Regulation of the synthesis of viral polypeptides

The synthesis of the different infected cell polypeptides is initiated
sequentially, and they are synthesized within the first eight hours after
infection (29). This agrees with the observation by electron microscopy of
viral structures in infected cells between 6 and 8 hr p.i. (12, 37, 38).

The IP can be classified as immediate early and early proteins,based on their



TABLE 1
Icp 1P STRUCTURAL  GLYCO. PHOSPHO. [.EARLY  EARLY  LATE

1 243 + *
2 172 M *
3 162 M *
4 146 M M
5 144 +
6 122 M *
7 104 M
8 97 + *
9 89 + +
10 80 + M *
1 78 *
1 73 + M
13 71 *
14 63 + *
15 56 + + *
16 54 M M M
7 51 M * *
18 u8 M M
19 46 + M
20 39 M *
21 35 Hw M
22 34 * * *
23 31 *
24 30 * *
25 27 *
26 25.5 + *
27 25 +
28 24.5 M * *
29 23.5 +
30 23 + *
31 21.5 *
32 20.5 *
33 19 *
34 18 *
35 16.5 *
36 16 * M
37 15 * ¢ *
38 14,5 *
39 14 *
40 13 M
41 12 * *
42 11.5 ¢ *
43 10 *
44 9.5 M

(U) UNCERTAIN
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requirement of protein synthesis for transcription (Table 1) (33), or as
late proteins, based on their requirement for viral DNA synthesis (29, 33).
The appearance of immediate—early proteins is sequential because only IP104,
IP97, IP30, IP24.5 and IP9.5 were detected when the treatment with cyclo-
heximide was done at a low multiplicity of infection (34), while at a high
multiplicity, others, such as IP34 and IP23.5, were clearly detected in the
same period (33). The major components of the internal core (VP172), capsid
(VP73), and envelope (VP15 and VP11.5) are late proteins. This is in accord-
ance with the lack of replication of the virus in cell cultures treated with
phosphonoacetic acid (PAA) (39, 40).

Post-translational modification

Several types of post-translational modification of ASFV proteins,
including glycosylation, phosphorylation, and possibly cleavage, have been
reported. A comparison between the glycosylated polypeptides synthesized
by infected and uninfected cells showed that there are at least seven poly-
peptides electrophoretically different from those of uninfected cells, with
a molecular weight between 50 K and 90 K (16). The viral specificity of
glycopolypeptides was tested by immunoprecipitation with specific antibody
produced during the natural course of infection in swine. Hyperimmune pig
serum specifically precipitated three polypeptides (gA, gB, gC) that have
been related, by electrophoretic mobility, to the structural polypeptides
VP51, VP56, and VP89, respectively (Table 1) (13, 16).

Eight phosphorylated IP have been detected in ASFV-infected cells
(Table 1) and five were specifically immunoprecipitated with hyperimmune
pig serum (IP80, IP54, IP34, IP24.5 and IP15). By their mobility, IP8O,
IP54, IP34, IP24.5 and IP15 could correspond to the minor structural viral
proteins VP80, VP54, VP34, VYP24.5, and one of the major structural
proteins, VP15, which is easily localized by labelling with 32P, in the
preparation of purified virus (16). The phosphorylation of VP80, VP24.5
and VP15, which are localized in the viral envelope, may be related to the
protein kinase activity, also localized in the viral envelope (25).

The maturation process of some proteins by cleavage has been suggested
recently (17). Protein IP243 may be a precursor of the IP172, because
they present a common epitopq: detected by monoclonal antibodies (17, 19).

Distribution of polypeptides in the infected cell and enzymatic activities

Information on the distribution of polypeptides in the infected cell

could be important for characterizing a specific polypeptide and for knowing
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its function in the macromolecular synthesis of virus. Viral DNA synthesis
has been detected in the nuclei of infected cells (41). This may be related
to the failure to produce any viral proteins or DNA in enucleated cells (42).
Nuclear changes after infection include clumping of chromatin and the appear-
ance of fibrillar structures (43). However, pulse-chase experiments with
infected swine monocytes indicate that the site of viral DNA synthesis is

the cytoplasm (44), although only the site of virus assembly in cytoplasm
could be detected by autoradiography after concentration of labelled viral
DNA. At least 21 viral polypeptides were found, totally or partially, in the
nuclear fraction obtained by treatment of infected cells with NP40 (16). The
presence of some of these polypeptides like IP243 and IP172 was confirmed

in the nucleus by immunofluorescence with monoclonal antibodies (17). Nuclear
viral antigens have been detected by immunofluorescence in the first hours
p.i. (45). These viral nuclear proteins may be operative in the replication
of viral DNA. This replication requires a virus-induced DNA polymerase (44)
which is sensitive to PAA (39). This polymerase and the other enzymes
possibly involved in viral DNA synthesis like thymidine kinase (46) need
further investigation,

Immunological reactivity of viral proteins

By immunoprecipitation, it was possible to determine that at least 25
polypeptides induce antibodies in the natural infection (16, 35). Proteins
1p243, I1P172, IP162, IP146, IP97, IP80O, IP73, IPS54, IP51(gA), IP35, IP34,
1P27, 1P25.5, 1P24.5, 1IP23.5, IP23, IP15, IP14.5 and IP11 reacted as denatured
antigens, whereas IP89(gC), IP56(gB), IP31, IP30 and IP12 only reacted if
the antigen was not denatured (16, 35). This immunoprecipitation was very
important in the characterization of IP as viral polypeptides (16). The
IP12 seems to be the strongest inducer of antibodies in the natural infection,
and it is the major antigen in the immunoelectrophoresis (IEOP). This poly-
peptide may be a minor component of the intracellular virus with the same
mobility as VP12. This protein and VP73 seem to be very stable, because
they produce a reaction with all sera from infected pigs tested (28). Poly-
peptides IP73 and IP12 represent the major viral components in the infection
(9, 16) and may be of importance in their use as antigens in the serological
test for diagnosis. Pigs immunized with the cytoplasmic fraction from
infected cells produce antibodies against IP243, IP172, IP146, IP73, IP34,
IP14.5 and IP12, These antibodies, however, were not neutralizing. Sera

from pigs that survived the infection neutralized the cytopathic effect
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in pig leukocytes and immunoprecipitated IP97, IP27, IP25.5 and IP15,

whereas sera with negative neutralization did not react (35). This result

may be important, but elimination of antibodies from a positive serum by

adsorption to protein A, however, does not cause any alteration in its

index of seroneutralization (35). Other studies have shown that at least

37 polypeptides induce antibodies in the infection, and it was possible to

find

differences in the molecular weights of some immunoprecipitable proteins

among different isolates of virus, and in an isolate adapted to Vero cells

as well as in one not adapted to these cells (36).
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AFRICAN SWINE FEVER DIAGNOSIS
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Virology, Embajadores, 68, 28012, Madrid, Spain

ABSTRACT

Since no treatment or effective vaccine against ASF is available,
the disease control is based on a rapid laboratory diagnosis and the
enforcement of strict sanitary measures. For these reasons, ASF diagnostic
procedures have received considerable attention over the last few years.

In this paper, the different techniques most frequently used for virus
identification and antibody detection in ASF diagnosis have been described,

as well as a general procedure for ASF diagnosis.

INTRODUCTICN

The clinical diagnosis of African Swine Fever (ASF) presents diffi-
culties due to the great similarity of symptoms and lesions with other
haemorrhagic diseases of pigs, especially in those countries where both ASF
and hog cholera exist. Moreover, the clinical diagnosis of ASF has become
more complicated in recent years with the appearance of new clinical forms
characterized by slow and insidious clinical symptoms, low mortality, and
the presence of carrier animals. For these reasons, the laboratory diagnosis
of ASF is essential.

Since no treatment or effective vaccine against ASF is available, dis-
ease control has been based on a rapid laboratory diagnosis and the enforce-
ment of strict sanitary measures. It is for these reasons, mainly, that
this aspect of ASF has received considerable attention lately.

As in other virus diseases, laboratory diagnosis of ASF can be based
on the demonstration of infectious virus, viral antigens, or antibodies
produced against the virus. At present, a variety of laboratory techniques
is available for both the detection of virus and the demonstration of
specific antibodies.

This paper reviews the different diagnostic techniques used for ASF

identification and isolation and for viral antigen identification and

Y. Becker (ed.), African Swine Fever. Copyright © 1987. Martinus Nijhoff Publishing, Boston, All rights reserved.
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antibody detection. A general procedure for ASF diagnosis is also described.

VIRUS IDENTIFICATIQGN AND ISOLATION

Several techniques have been adapted for the identification of ASF
virus (Table I). Some, such as the agar double diffusion test (1), comple-
ment fixation (2), immunoperoxidase (3), radioimmunosorbent assay (4),
enzyme-linked immunosorbent assay (5),and electron microscopy, are not
practical for routine diagnosis. The techniques most frequently used at
present are: the hemadsorption test (6), direct immunofluorescence (7)
for virus identification, and especially inoculations of pigs for virus
detection.

Hemadsorption Test (HAD)

HAD is the universal test for virus detection and for the identifica-
tion of new outbreaks. It is the most sensitive and specific test for ASF
virus identification. However, this test is very laborious, taking one
or more days to yield results; furthermore, it requires animals free of
infection and appropriate facilities.

HAD is based on the hemadsorption properties of the ASF virus (6).

This phenomenon is due to the adsorptive properties of swine erythrocytes

to the membrane of infected macrophages, forming a characteristic ''rosette"

or "morula" configuration around these cells. Finally, hemadsorption

exerts a cytopathic effect, resulting in destruction of the infected cells.

Even though HAD is the most sensitive test for virus identification, it

has been observed that a small number of field strains show only cytopathic

effect without hemadsorption (8). To identify such strains, it is necessary
to use direct immunofluorescence on the sediments of these cell cultures.

On the other hand, in Spain it has been observed that some samples
from subacute or chronic forms need one or two subinoculations on leukocyte
cultures before the hemadsorption phenomenon occurs. This may be due to the
presence of antibodies blocking the hemadsorption reaction, which would ex-
plain why the virus requires one or two passages before hemadsorption becomes
evident.

Direct Immunofluorescence (DIF)

This technique is the first method used for viral antigen detection.
DIF is based on the demonstration of viral antigen on impression smears
or in cut tissue samples from spleen, lung, lymph nodes or kidney through
conjugated immunoglobulins against ASF virus.
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DIF is a very rapid and economical technique with a very high sen-
sitivity index for acute forms of the disease. For subacute and chronic
forms, the DIF test registers a sensitivity index of only 40%. This decrease
in sensitivity seems to be related to the formation of antigen-antibody
complexes in the fluorescent anti-virus antibody.

At present, and as a routine diagnostic procedure, the direct and
indirect immunofluorescence (DIF and IIF) are performed together. This com-
bination enables scientists to detect 85 to 98% of ASF cases.

Swine inoculation

Pig inoculation is essentially recommended to confirm the first out-
break in an ASF-free country, using two groups of pigs: one unvaccinated
group and one vaccinated against hog cholera. After inoculation of material
from the sick animal, the animals should be studied daily with respect to
temperature and blood samples collected for leukocyte culture and antibody
determination.

Recently, a new method for ASF virus detection in field samples has
been developed. This method is baseéd on the use of the recombinant plasmid

pRPEL2 as viral reagent in the DNA-DNA hybridization test (9).

ANTIBODY DETECTION

Antibody detection in ASF presents a very special situation for two
main reasons: firstly, the lack of vaccine antibodies, and secondly, the
long period of time in which ASF antibodies persist in the sick animals.

Antibody determination is recommended for the study of subacute and
chronic forms, carrier animals and large-scale epidemiological work.

Several techniques have been adapted for ASF antibody detection
(Table II). Radioimmunoassay (4) presents problems when used as a routine
technique, due to the radioactive material. As to the complement fixation
test (2), the precomplementary activity of pig serum complicates the results.
Today the most common techniques used are: indirect immunofluorescence (10),
immunoelectroosmophoresis (11), and enzyme-linked immunosorbent assay (12).

Indirect Immunofluorescence (IIF)

This test is a rapid technique with a high sensitivity and specificity
index for ASF antibody detection from either sera (10) or tissue exudates
(13).

The IIF test is based on the detection of specific ASF antibodies which

bind to a monolayer of cell lines infected by an adapted ASF virus that is
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used as the antigen. The specific antibody which is bound to the antigen
is accordingly detected by a rabbit anti-pig IgG labelled with fluorescein,

or, for better results, by a purified protein A from Staphylococcus aureus
conjugated with fluorescein and used as an anti-porcine immunoglobulin G
reagent.

During the past few years, IIF has proved to be more sensitive than DIF
for ASF antibody detection in the subacute and chronic cases. This is
probably due to the increase of antibodies in these clinical forms, which
create antibody-antigen complexes that hinder the detection of the viral
antigen. However, combination of the DIF and IIF techniques can detect from
85 to 95% of the Spanish ASF cases. IIF is recommended as a reference
technique for ASF antibody detection,as well as for small-scale serological
studies of subacute, chronic and carrier animals.

Immunoelectroosmophoresis (IEOP)

This technique has been used for large-scale serological studies, due
to its being a rapid, uncomplicated, and low-cost method (11).

IEOP is based on the observation of a precipitation line between the
antigen and the antibody when they are placed in an electrical field.

The sensitivity and specificity index obtained with IEOP is lower
than that obtained with IIF or ELISA (14). At present IEOP has been sub-
stituted by the indirect ELISA test. However, in cases where ELISA cannot
be used, IEOP could be recommended for large-scale studies, but positive
results must be confirmed by IIF.

Enzyme-Linked Immunosorbent Assay (ELISA)

The indirect ELISA test is at present the most useful method for ASF
serological studies. After the ELISA test was first adapted for ASF
antibody detection (5, 15, 16), its sensitivity and specificity were in-
creased with the incorporation of the viral protein Vp73 as an antigen
(14, 17) and protein A from Staphylococcus aureus as conjugate (18).

ELISA is based on the detection of ASF antibodies bound to the viral
protein by the addition of a protein-A conjugate to an enzyme that produces
a visible color reaction when reacted with the appropriate substrate. Such
visible reactions can be quantified by a photocolorimeter or read by mere
human sight.

In addition to its high sensitivity and specificity already mentioned,
ELISA has provided a highly reproducible test which is relatively easy

to perform and interpret. Furthermore, its cost per sample is relatively
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low, and it can be automatized. All of these properties make this technique
ideal for the study of a large number of animals.

ASF antibody detection automatic immunofluorescence

Recently, a rapid and simple semi-automated fluorometric assay (SAFA)
for ASF antibody detection and quantification was adapted and evaluated (19).
The test uses a hydrophilic polymeric colloidal matrix (colloimmune) coated
with the ASFV structural Vp73 antigen as the solid phase, and the specific
antibody is detected by a fluorescein-protein A conjugate. The sensitivity
and specificity index obtained with SAFA is comparable to that obtained
with IIF and/or ELISA. At present this technique is being evaluated under

field conditions.

GENERAL PROCEDURE FOR ASF DIAGNOSIS

The fight against ASF must be based on a rapid laboratory diagnosis
and the enforcement of strict sanitary measures.

The first study to be done in the laboratory should be the detection
of viral antigen by direct immunofluorescence, as well as antibody detection,
from sera or tissue sample exudates, by indirect immunofluorescence. These
procedures take only two hours, and the combination of the two methods makes
possible detection of 95 to 98% of ASF cases. This method is practical
when the number of cases is not too large; otherwise, IIF should be replaced
by the ELISA test.

Once positive results have been obtained with DIF and IIF (or ELISA)
tests, one must check the origin of the samples. If they come from a new
outbreak or from an area previously considered ASF-free, a sample must be
inoculated into pig leukocytes for hemadsorption studies and viral isolation.
To confirm results, this, as well as animal inoculation, must be done in
an ASF-free country. If the samples originated in an enzootic area, positive
results obtained by means of DIF and IIF are considered sufficient to
warrant measures to be taken. If the DIF or IIF results are negative, a
suspension of the sample (spleen, lymph nodes or lung) must be inoculated
for hemadsorption studies. This inoculated tissue culture must be read

every 24 hours. Three different results can be observed:

1. Positive hemadsorption and cytopathic effect. This is a clear
case of ASF.
2. Negative hemadsorption and positive cytopathic effect. In this

case, a direct immunofluorescence test should be done on the
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cellular sediments to determine if it is a non-hemadsorping ASF
strain or if the cytopathic effect is produced by another virus,
such as Aujeszky.

3. Both hemadsorption and cytopathic effects are negative. In this
case, if direct immunofluorescence is also negative, the culture
should be subinoculated into a new leukocyte culture to detect
the presence of ASF.

For serological diagnosis of carrier animals, surveillance of the
disease, control of free areas and farms, slaughterhouse studies, and in
general, large-scale antibody detection, the ELISA test is the recommended
technique.

A summary of this general procedure is presented in Table III.
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DIFFERENTIAL DIAGNOSIS BETWEEN AFRICAN SWINE FEVER AND HOG
CHOLERA

C. Terpstra, DVM, PhD.

Department of Virology, Central Veterinary Institute,
P.O. Box 365, 8200 AJ Lelystad, the Netherlands.

Abstract

The highly varying picture of both African swine fever (ASF) and hog cholera
(HC) makes a diagnosis of either disease on mere clinical and pathological grounds
often impossible, particularly in subacute, chronic and atypical cases. Dif ferences
in clinical signs and post mortem lesions that might occur in acute and peracute
outbreaks of the two diseases are listed. A tentative diagnosis of either ASF or
HC should be confirmed by laboratory methods. A flow chart for differential
diagnosis outlines the laboratory tests available and the timing at which results
may be expected. A preliminary diagnosis of ASF in a hitherto free country should
be based on the outcome of two different methods and be confirmed by an

internationally recognized reference laboratory.
Introduction

The enzootic prevalence of African swine fever (ASF) on the Iberian
peninsula since the late fifties, the incursions of the disease into France and Italy
over the last two decades and its spread to Malta, Sardinia and some Latin-
American countries in the late seventies have alarmed veterinary authorities of
pig rearing countries all over the world. Most ASF-free countries have enforced
veterinary legislative measures which prohibit imports of pigs and pig products
from infected countries. Along these lines food and kitchen leftovers from
aeroplanes, ships and international trains are destroyed. Control on the entrance
of pig products, including food stuffs brought in by tourists, is nowhere absolute
and the introduction of ASF into Belgium in 1985 has demonstrated that
permanent vigilance should be exercised. In newly infected areas, an early

diagnosis is of paramount importance and to a large extent determines the

Y. Becker (ed.), African Swine Fever. Copyright © 1987. Martinus Nijhoff Publishing, Boston, All rights reserved.
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scenario and the prospects of an eradication programme. The initial outbreaks of
ASF may easily be confused with classical swine fever or hog cholera (HO),
especially in countries where the latter disease is enzootic. In Brasil and the
Dominican Republic for example ASF spread under the cover of HC. A prompt
diagnosis of ASF, therefore, implies its differentiation from HC. The occurrence
of low virulent strains of both ASF and HC viruses, causing subacute, chronic,
atypical and inapparent infections, makes it often impossible to diagnose or to
differentiate the two diseases on the basis of clinical signs and pathological
lesions. In cases of suspicion, laboratory investigations are indispensable in order
to confirm or to rule out the possibility of ASF for certain.

The purpose of this chapter is to focus attention to the clinical and
pathological differences of the two diseases that might be observed and to their
differentiation by laboratory methods.

Clinical and pathological characteristics of ASF and HC

Although the symptoms and post-mortem lesions of ASF in general resemble
those of HC, differences might be observed especially in acute and peracute fatal
infections. Such outbreaks of ASF are characterized by high body temperatures
while the animals behave normally for 1-3 days, followed by inappetance, a
reddish and later cyanotic discolouration of the snout, ears, legs and/or abdomen,
respiratory distress, vomiting and blood-tinged stools (1,2,3,4). The reddish dis-
colouration of the skin and laboured breathing are less frequently observed in HC,
whereas discharge of blood with the faeces is not recorded in HC (5,6). Signs of
the central nervous system and coma are more common in the terminal stage of
ASF than in HC. Haemostasis is severely impaired in ASF, resulting in secondary
haemorrhages and protracted bleeding from intramuscular inoculation sites, and
from the vulva in case of abortion (Biront, 1985, pers. comm.). Continued bleeding
is rare in HC. Since the "carrier sow syndrome" is typical for infections with
moderate or low virulent strains of hog cholera virus (HCV), its consequences in
the form of the birth of piglets with congenital tremor, haemorrhages, malforma-
tion and/or oedema do not apply to ASF infections.

On post~-mortem examination a variable amount of straw-coloured or reddish
fluid may be present in the pericardium, and in the thoracic and abdominal
cavities of pigs succumbed to ASF (1-4,7,8,9). Interlobular oedema of the lungs,
oedema and congestion of the submucosa of the gall bladder and bile ducts are

frequently observed in acute or subacute fatal cases of ASF. The same applies to
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the presence of blood clots in the gall bladder, bile ducts and renal pelvis. Unlike
HC, the spleen is often partly or totally enlarged. In either disease a variable
degree of haemorrhages, necrosis and reactive changes may be observed in the
lymphatic tissues, notably in the gastrohepatic-, mesenteric- and renal lymph
nodes. In advanced stages of ASF, however, these lymph nodes may resemble
haematomas. Hyperaemia and petechial haemorrhages on the serous membranes,
the epicard and endocard, the mucosae of the repiratory-, digestive- and
urogenital tract are common in both diseases, but ecchymoses on these surfaces
or subcutaneous and intramuscular haematomas are more in accordance with ASF
than with HC.

The most significant difference between the histopathological lesions of the
two diseases is the severe karyorrhexis of monocytes and macrophages in
lymphoid tissues and lymphocytic infiltrates that occurs in ASF (7, 9). The
massive destruction of lymphocytes resulting in an abundant residue of nuclear
fragments is not observed in HC. A second, although less absolute, difference with
HC is the degeneration of the epithelial cells of collecting tubuli in the kidney and

the occlusion of these tubuli by amorphous proteinaceous casts in ASF.

For easy reference the clinical and pathological differences are listed in
Table 1. It should be realised, however, that the clinical signs and pathological
lesions of both diseases are highly variable and dependent on the virus strain
involved. Consequently the differences listed are more quantitative than qualita-
tive with the exception of tumor splenis and the haematoma - like visceral lymph
nodes, which are characteristic for ASF. A tentative diagnosis of either ASF or
HC should be based on the clinical observation and autopsy of several pigs and in

any case has to be confirmed by laboratory methods.

Laboratory methods for diagnosis of ASF comprise the detection of virus by
haemadsorption (10), of virus antigen by direct immunofluorescence (11) and
detection of virus-specific antibodies in tissue fluid or serum. The prevalence of
low virulent strains of ASF-virus (ASFV) in Spain has shifted the weight from
detection of antigen towards antibody (12). For this purpose, either the indirect
immunofluorescence test (ind. IFT) (13), immunoelectro-osmophoresis (IEQOP) (14),
ELISA (15) or the immunoperoxidase monolayer assay (IPMA) (Wensvoort, to be
published) may be used. The ELISA and IPMA are the most sensitive. The latter
test has the advantage that anti-ASFV-specific IgM or IgG can be detected as

early as 5-7 and 7-10 days post-infection, respectively, by using conjugates of



Table 1. Clinical signs and post mortem findings in which ASF and HC might differ.

Feature ASF HC (reference)
(reference)

Clinical:

(sub-)cutaneous haemorrhage

conjunctivitis

faeces with blood
haemostasis
involvement CNS**
death in coma
congenital lesions

Pathological:
excess fluid in body cavities

laryngeal ha