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Preface to the series Developments in Veterinary Virology 

It is my pleasure to introduce the first volume in our new series, 

Developments in Veterinary Virology. Since virus diseases in domestic 
animals and fowl are a major threat to the economy of all nations, 
veterinary measures used to curb the appearance of epizootics in animals 
are of major importance. With this series, we hope to expand the know
ledge on virus diseases which have a disastrous effect on agricultural 
economics, and which are the cause of concern to veterinary services all 
over the world. 

Developments in Veterinary Virology will devote a volume to each of 
the major virus diseases of animals and poultry, presenting up-to-date 

knowledge in each area. Each volume will deal with the veterinary aspects 

of a disease, and its causative virus from the biological as well as the 
genetic engineering viewpoints, and will include material on the pathology 
and epidemiology of virus vaccines and genetic resistance. The latest basic 
and practical scientific developments will be included, so that the series 
should be of special interest to practicing veterinarians and farmers. 

Forthcoming volumes will deal with avian leukosis (G. de Boer, ed.), 
bovine leukosis (A. Burny and M. Mammerickx, eds.), classical swine fever 
and related infections (B. Liess, ed.), foot-and-mouth-disease (F. Brown, 
ed.},and African swine fever (Y. Becker, ed.). 

I hope that the present series will be instrumental in providing a 
better understanding of current knowledge on virus diseases and the practices 
used in their control. 

I would like to express my appreciation to the editors and authors of 
this and future volumes for their valuable contributions. 

Yechiel Becker 
Jerusalem 



PREFACE 

Take a disease of complex pathology with inflammatory and neoplastic 

features, which affects lymphoid and neural tissues, belonging to a 

disease group which killed one chicken in five, and which defied efforts 

to understand and control it for !lOre than 50 years, and one can begin 

to appreciate the interest Marek's disease has received. Canpound these 

characteristics with the finding of the causal herpesvirus, its recog

nition as the neoplasm first discovered to be so caused, and its pre

vention by vaccination, and the special place of Marek's disease in 

veterinary medicine and comparative oncology becomes clear. 

This book sets out to provide an authoritative and corrprehensive 

account of knowledge of Marek's disease and its control. I hope that it 

will be of value to veterinary research workers, teachers and students 

who need information about the disease, to veterinarians, poultrymen and 

vaccine manufacturers who have to diagnose and control it, and to 

oncologists in other fields interested in comparative aspects. other 

reviews of the disease exist, of course, but this is the first multi

authored book devoted to the subject. 

I have been fortunate in persuading many of the leading research 

workers who provided much of our knowledge of Marek's disease to contri

bute to this book, and I am grateful for their participation. It is 

also a pleasure to thank colleagues and friends at Houghton and else

where for their help in various ways. My thanks are due particularly to 

Helen Tiddy, who mastered the word processor and produced the final 

typescript for publication. 

xiii 

L.N. Payne 

Houghton 



MAREK'S DISEASE 



1. HISTORICAL REVIEW 

L.N. PAYNE 

1. INTRODUCTION 

The purpose of this Chapter is to provide an introduction to the 

rrain studies and concepts concerning the nature and cause of Marek's 

disease (MO) published between 1907, when the disease was first des

cribed by Marek (1), and the early 1960's, when the transmissibility of 

MO was clearly established and rapid progress began to be rrade in its 

understanding. During this period there was great argument about the 

pathological nature and cause of MO, its relationship to other leukotic 

diseases, and its rrode of natural transmission. The extensive literature 

published (see reviews 2-5) stands witness to this long debate and to 

the failure of the numerous studies to provide satisfactory answers to 

these questions. In retrospect, this was due to inadequate virological 

knowledge and techniques, lack of defined chickens for experimental 

reproduction of the disease, and inadequate facilities for prooerly 

controlled transmission studies. 

2. J6ZSEF MAREK AND 'IRE FIRST DESCRIPTION OF MAREK'S DISEASE 

Dr. J6zsef Marek (1868-1952) (Fig. 1) was Professor and Head of 

the Department of Veterinary Medicine at the Royal Hungarian Veterinary 

School in Budapest fran 1901 to 1935. He was an outstanding scientist 

and clinician, wrote extensi vel y on veterinary medicine and pathology, 

and was co-author, with Hutyra and Manninger, of the three volume 

classic, "Special Pathology and Therapeutics of the Diseases of Darestic 

Anirrals" (6) which became a standard textbook in rrany countries. Marek 

was a member of the Hungarian Academy of Sciences and received several 

high decorations and orders, and a number of honorary Doctorates. On 

the basis of his outstanding contributions he is established as a figure 

L. N. Payne (ed.), Marek's Disease. Copyright © 1985. Martinus Nijhoff Publishing, 
Boston. All rights reserved. 
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FIGURE 1. J6zsef Marek. 
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of major historical importance in veterinary medicine (7,8) but, 

although he will be so renanbered, it is a quirk of fate that his narre 

seems likely to be perpetuated rrost obviously in ep::myrrous association 

with the neuropathic disease of chickens he described, and which later 

was termed Marek's disease. 

In 1907, Marek (1) described, in a paper entitled "Multiple 

Nervenentzlindung (Polyneuritis) bei Hiihnem" and published in Deutsche 

Tierarztliche Wochenschrift (Fig. 2), a paralytic disease affecting the 

legs and wings of four cocks, and characterized, in the one case studied 

thoroughly, by thickening of the sacral plexi and spinal nerve roots, 

loss of nerve fibres, and infiltration of affected nerves by mononuclear 

cells. Marek considered the disease to be a "neuritis intersti tialis" 

or a "polyneuritis". He could not ascertain the cause. 

Deutsche 
Tierarztliche Wochenschrift 

Prof. Dr. Dammann. 
heran5Eerebcn 

von PCfJi. Rockl. 
Geheimer Rej[itlruDp and lIedUlnalrat, 
Dllll.lr.t.or del' TierbstJlchen HOCIbaohal. 

in lialmover. 

OeboimerRegltlrUllltsrat 
i.n Berlin. 

Unter MltwlrkuDE von 
Lanjestierarzt Prof. Dr. Edelmann, Medlzlnalrat In Dresden, Landestierarzt Feist. Re"erunrsrat In StrassbUrg i. E., Veterinarrat Dr. Garth 
in Darmstadt, Bezlrkstierarzt Dr. Oori&, in Buchen, Oberamtstierarzt e. Tbeurer In Ludwigsburg und Prof. Dr. Vogel in Sluttg"q 

---- redigiert von Prof. Dr. Malkmus in Hannover. - __ _ 
pic .Deutsche 1.'ier~rztlic.b. Woohllln,ohrlft" enohelnt jeden 8onnabelld. ... ........ n.rt.IJDrtldl Mt. 4._ duroh die Ve;:.pbuohhaIldlung von N. 11; H. Schaper 
Ln Hannover (bel d.rekter portofreJer ZUH:.~:.k..:n1ri:ld;;;.ahs:\!ru!a.~~::::_'::~J::-n'o~~.:!t.c ~:~~e~"~I. far die vu!rgospaltene Pot'\l:cile ooler 

SamWahe Zwchrift.eu 1Uld .red&kti~el~/-:!~:'::::d.I-:n:r:!:-~: ~ril.:~~~::/~nH~~~:.,~tb't.en; KouektlU"(lD UDd A..m:eigon 

.li 30. Ausgegeben am 27. Juli 1907 . 15. Jahrgang. 

Multiple Nervenentzundung (Polyneuritis) 
bei Huhnern. 

(Ans der mediziniscben Klinik der tierlLr.ltJicbeu Hochscbule in 
Budapest.) 

Von Prof. Dr. J. Marek. 
(Ilit 2 AbbildUDgell.) 

Unsere KenDtnisse bezuglich der nervOsen ErkrankuDgen 
des Ge6iigels sind derzeit noch recht bescheideD. In der 
Literatur findet man namlich nur in sehr sparlicher Zahl von 
Nervenkrankheiten bei VOgeln besehriebeo, deren anato
mische Gruudlage zudem gewOhnlich nicht nlher unter
sucht wurde. Eine Ausnahme hiervon bildet die Beri 
Beri - ilhnliche Polynenritis del' Huhner in Niederliindisch
Indien, welche von E y k man n ') beschrieben und hin-

Unter dem Einflnss des von Eykmann snpPoDierten 
Gilles entsteht DnD in den peripherischen NerveD eine Dege· 
Deration, welche allmiihlich znm Zerf.ll der Markscheide 
der Nervenlasern flihrt, infolgedesseD danD die Scllwann
sche Scheide eine Art Emnlsion von MyeliD-Kiigelchen 
enthiLlt nnd schliesslich die ganze NerveDf.ser in eineo 
ddDnen, marklosen Faden sich verw.ndelt. Dabei vel'
fallen die zogehOrigen Muskeln del' einf.chen Atrophie. 

Klinisch kenDzeichnet sich die Krankheit durch sowohl 
an In- als an Extensitat raseh znnehmende Lahmungs
erscheinungen seHens del' Beine, so dass die letzterell 
alsbald gespreizt ond im Knie- und Mittelfussgelenk ge· 
beugt gehalten werden nDd das Tiel' beirn Laufen otters 
sinkt oder auch nmlallt. Schliesslich wird d.s Belasten .t.... li'ii<!NII ;;h., .... hQ"n. "nmnaliroh I1noi in rlip<;:pm ~t:l,Hnm 

FIGURE 2. Title page of the first publication on Marek's disease. 
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3. CIASSICAL STUDIES, 1920 - 1939 

The next published observations on "paralysis of the dClllEstic fowl" 

were those of Kaupp (9), who first saw the disease in the USA in 1914. 

Clinical features ~re similar to those described by Marek, and Kaupp 

noted perivascular round cell infiltration in the spinal cord and 

regarded the disease as a "transverse Il¥elitis". FONl paralysis was 

observed again as an epizootic disease in the Netherlands in 1921 by 

Van der Walle and Winkler-Junius (10), and they suggested the term 

"neuro-myelitis gallinarurn". other early reports of the disease in the 

USA ~re those of May et al. (11) and Doyle (12). Kaupp and Doyle also 

observed that blindness, due to iritis, sometirres acccmpanied fowl 

paralysis. These early authors attempted to transmit the disease, with 

results which were either negative or unconvincing; nevertheless, all 

groups of investigators thought the disease to be infectious. 

The seminal study of fowl paralysis is that of Pappenheimer and his 

colleagues (13-15), who described in detail the clinical and epizootio

logical features, gross and microscopic pathology, attempts at bacterio

logical study, and transmission experiments. Particularly noteworthy is 

their recognition that visceral lymphomas, especially affecting the 

ovary, occurred with the neural disease, their introduction of the term 

"neuro-lymphornatosis gallinarurn" for the disease, and their evidence for 

successful transmission by inoculation of chickens with tissues from a 

paralysed bird. The authors comment on the results of their transmission 

experiment VII (Table 1): "There can be no question that in this 

experiment there is a significantly higher incidence of infiltrations in 

all parts of the nervous system, and particularly in the peripheral 

nerves, in the inoculated group. One cannot escape the conclusion that 

the inoculation of the supposedly infective rnaterial is in sClllE way 

correlated with this higher incidence, inasmuch as the inoculation was 

the only known variable in the experiment". The results of their 

experiments epitomize, however, those of so many of the classical inves

tigators: while fowl paralysis occurred in the inoculated birds, it also 

did so, albeit often in lower frequency and severity, in uninoculated 

controls. In retrospect, it seems likely that transmission was indeed 

achieved in these and many similar investigations, but while cases 

occurred in controls the possibility could not be excluded that inocula-
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tion merely exacerbated a pre-existing condition. 

During the years that followed, fowl paralysis (range paralysis) was 

reported in Germany in 1927 (16) in South Africa in 1928 (l7), in 

England in 1929 (18), in Japan in 1930 (19), and subsequently in many 

other countries, accompanying the growth of the poultry industry • 

Efforts continued, particularly in the USA, to transmit fowl paralysis 

experimentally and to understand its cause and pathogenesis, rrajor 

investigators being Patterson et al. (20), Gibbs (21), Johnson (22), 

Furth (23), Jungherr (24,25) and Durant and McDougle (26) in the USA, 

Warrack and Dalling (27) and Blakerrore (28) in England, and Lerche and 

Fritzsche (29,30) in Germany. The results of these investigations were 

reported in great detail but none gave conclusive evidence of trans

mission, although some were highly suggestive. Thus Furth (23) reported 

induction of neurolymphorratosis following mainly intravenous or intra

neural inoculation of blood, nerve or tUllDur cellular material from 

affected birds in 61/110 birds in passages of his strain 5 material and 

in 35/66 birds in passages of strain 6. Furth (23) rerrarked that the 

"transmitting agent circulates in the blood of the paralyzed chicken 

during the entire period of manifest disease", and observed that 

freezing or drying blood or nerve inocula almost invariably inactivated 

the agent and that cell-free plasma had little if any potency. Gibbs 

(21) and Durant and McDougle (26) also recorded successful transmission 

when viable nerve tUllDur cells or fresh blood were used as inocula. The 

latter authors induced paralysis in 91/527 birds inoculated with blood, 

compared with an incidence of 18/507 in the controls. Much later, the 

requirement for live cells in inocula for successful transmission was 

confinred (31), and explained by the closely cell-associated nature of 

the herpesvirus responsible for MD (32,33). 

3.1. Relationship of neurolymphomatosis to other leukotic diseases 

Apart from the problem of fowl paralysis in control birds, as 

discussed above, interpretation of fowl paralysis transmission 

experiments was often made difficult by the occurrence, in inoculated 

and control birds, of other leukotic and neoplastic diseases. 

Pappenheimer and his co-workers (13-15) recognized the presence of 

visceral lymphomatosis, especially in the ovary, in some chickens with 

neurolymphomatosis, and they regarded it as an expression of fowl 



7 

paralysis, as did later workers (23,27,30,34). 

Many workers (21,23,25), although not all (20,22,34), considered 

the transmissible lymphoid, erythroid and rqreloid leukoses described by 

Ellernan (35) to be aetiologically and pathologically separate fran the 

neural and visceral mmifestations of fowl paralysis. Pappenheirrer and 

his colleagues (13-15) believed neurolymphanatosis was distinct from the 

true leukaemias but were uncertain whether an aleukaemic lymphoid 

leukaemia, with lymphoid infiltrations in the viscera, as described by 

Ellermm (35), existed as an entity apart fran the visceral lymphanas 

associated with the neural disease. Thomas and Hamilton (34), however, 

in 8139 autopsies, observed 100 birds with lymphoIll3. but without IlI3.cro

scopic or microscopic evidence of nerve infiltration, and Jungherr (25) 

distinguished between lymphoITl3.tosis associated with fowl paralysis and 

"big liver" disease. Gibbs (21), on the other hand, stated that (patho

logically) neurolymphoITl3.tosis and visceral lymphanatosis (with or with

out neurolymphooomatosis) seemed to be closely associate:i, and not 

readily differentiated from "lympholeukosis". Patterson (20,36) and 

Johnson (22) thought neurolymphoIll3.tosis and the various types of 

leukosis to be different IlI3.nifestations of infection by the SanE agent. 

Johnson, for example, stated "evidence has been obtaine:i which must be 

interpreted as supporting the view that the so-called neuro-lymphoITl3.

tosis of fowls (Pappenheimer and others) and the erythroid and rqreloid 

leucosis (Furth) are different expressions in response to a corrrron 

filterable agent". Furth (23), on the other hand, clearly distinguished, 

both aetiologically and pathologically, between two types of transmiss

ible lymphoIll3.tosis. One virus (strain 2) produced a lymphanatous 

neoplasm, and also endothelianas and rqrelocytoIll3.tosis, and nerve 

infiltration but without clinical paralysis. Other viruses (strains 5 

and 6) produced extensive infiltration of nerves and clinical paralysis, 

but rarely leukaemia and never endothelianas or myelocytomas. The 

nature of the lymphoIll3. produced by strain 2 is unclear: Furth believed 

it to differ from "big liver" disease (hepatolymphoIll3.tosis) - now termed 

lymphoid leukosis. 

4. THE MIDDLE PERlOO, 1940 - 1959 

During the next two decades, work continued in atterrpts to unravel 
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the complexities of fowl paralysis and possibly related neoplastic 

diseases. In the USA a major organisational advance was the establish

ment in 1939 by the US Department of Agriculture of the Regional Poultry 

Research Laboratory (RPRL) at East Lansing, Michigan, to improve the 

viability of poultry and, specifically, to determine the cause of fowl 

paralysis, and to develop measures for its prevention and control ( 5, 

37) . This laboratory acted as a centre for collaboration with many of 

the state agricultural experiment stations at which much of the earlier 

work had been done. 

In 1940, Jungherr, Dayle and Johnson, acting as a corrnrittee for the 

RPRL, proposed a tentative pathological nomenclature for the avian 

leukosis complex and other tU!TDurs ( 38), as shown in Table 2. This 

nomenclature "had the object of facilitating uniformity in terminology 

and interpretation of data" and was widely adopted in the USA. It did 

not imply classification on the basis of aetiology. 

Effort at the RPRL was directed at the transmission of 

"lymphomatosis" and, in a series of admirable studies, Burmester, 

Cottral and Waters, and their colleagues, clearly established the viral 

aetiology, pathology, and routes of transmission, of "visceral 

lymphomatosis" (39-42). But as these studies progressed, it became 

apparent that the visceral lymphomatosis produced - the so-called "big 

liver disease" or hepatolymphomatosis - was not accompanied by an 

increase in neural lymphomatosis. Waters (43) concluded "that the four 

types of lymphomatosis i.e. visceral, neural, ocular and osteopetrotic, 

represent four distinct disease entities and are caused by four distinct 

and different agents". Later it became clear that the visceral 

lymphomatosis studied by the RPRL group was retrovirus-induced lymphoid 

leukosis, and unrelated to neurolymphomatosis (Marek's disease). Davis 

and Doyle (44,45) similarly transmitted visceral lymphomatosis and con

cluded that it was distinct from other forms of leukosis. 

Meanwhile, others had continued to investigate the transmissibility 

of fowl paralysis. Durant and McDougle (46) induced a 76% incidence of 

fowl paralysis in 398 young chicks by inoculation with blood frau a 

flock affected with ocular and neural forms of fowl paralysis; 34% of 

398 control chicks reared in contact with the inoculated chicks devel-

oped fowl paralysis. Unfortunately isolated control chicks were not 
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kept. Blakerrore (47) continued his transmission studies and following 

serial passage of his agent produced rrortality within a few days, accan

panied by inflanroatory lesions in the liver and heart. These were at 

first thought to represent an acute form of fowl paralysis but later 

work particularly by P.o. Asplin suggested mycoplasmal contamination to 

be responsible (5). 

During this period Hutt and Cole (48,49) continued their classic 

studies, started in 1935, on selection of strains of fowl genetically 

susceptible or resistant to "leucosis" following natural exposure. They 

derronstrated that the disease could be greatly reduced by breeding 

resistant stock, or by rearing susceptible stock in isolation from adult 

birds. In their studies, neurolymphomatosis was much rrore prevalent 

than visceral or ocular lymphomatosis. They too recognized (48) that 

there might be "rrore than one virus, and that one virus may cause rrostly 

paralysis, another the visceral form of the complex", and, percipiently 

"that the particular viruses causing neural and visceral lymphomatosis 

must frequently exist together on the same premises and in the same 

bird" . This reflection was later shown to be correct and explains much 

of the confusion of the earlier years. Thus the work of Burmester and 

his colleagues, and of Hutt and Cole, provided firmer foundations for 

the conviction of many workers, particularly in the UK, that lymphoid 

leukosis and fowl paralysis were two distinct diseases. This view also 

explained the long debate, often forcefully expressed, about whether 

lymphomatosis was egg transmitted, as claimed for visceral lymphomatosis 

by the East Lansing workers, but not for leukosis by Hutt and Cole. 

In spite of these views, workers in the USA still preferred to use 

the generalized term "avian lymphomatosis", which was divided into 

visceral, neural and ocular forms, as in Cottral' s (50) classification 

(Table 2). On the other hand, Campbell ( 51 , 52 ) in the UK , had long 

advocated that lymphoid leukosis and fowl paralysis were distinct 

conditions with different aetiology and mode of transmission, but that 

visceral lymphoid lesions occurred in both conditions. In the American 

classifications (Table 2), these two types of visceral lesions were 

covered by the single term visceral lymphomatosis. In 1957, Chubb and 

Gordon (3) proposed a new classification (Table 2) to emphasize this 

distinction. Biggs ( 53) and Campbell ( 54) considered that the term 
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lymphomatosis was the cause of confusion and that it should be aban

doned. Accordingly, another classification (Table 2) (55,56) was 

proposed, and adopted by the World Veterinary Poultry Association in 

1961, in which the tenn "Marek's disease" was used to cover neural 

lymphomatosis and the visceral and ocular lesions associated with it, 

and "lymphoid leucosis" used for the visceral lymphomatosis of 

Burrrester. This new classification has been widely used since. A later 

classif ication proposed by Sevoian (57), in which MD was termed Type II 

lymphoid leukosis, has not found favour. 

4.1. Is fowl paralysis neoplastic? 

For many years, workers argued about whether fowl paralysis (MD) is 

an inflarmatory or neoplastic disease. Terms used by workers who 

believed the nerve lesion in fowl paralysis to be inflarmatory incltrled 

"neuritis interstitialis" and "polyneuritis" (1), "transverse myelitis" 

(9) , "neuri tis" (12) , and "neurogranulomatosis infectiosa gallinarum 

(Marek)" (30). Campbell (52) considered the nerve lesions to be inflamn

atory but recognized that these could rarely become neoplastic. Initally 

he believed that the visceral lymphoid proliferation occurring in MD 

were not true neoplasms, but terrred them "lymphogranulomas" (52); later 

he acknowledged that a proportion could become neoplastic, particularly 

in acute MD (58). 

Pappenheimer and co-workers (l3,14) originated the opposing view

point that the neural lesions were neoplastic and, as already mentioned, 

proposed the term "neuro-lymphomatosis gallinarum". They also recognized 

the occurrence of visceral lymphomata in a proportion of cases and 

believed these to be a manifestation of the disease. These concepts and 

terms -were subsequently widely adopted, as discussed in Section 3. 

These arguments depended largely on the IlDst conspicuous lesions 

seen in various circumstances and on the supposed relationship bet-ween 

them. To a considerable extent they have now been resolved by experi

mental work on MD carried out since the early 1960's. Proponents of the 

inflarmatory and neoplastic concepts have both been proved to be partly 

correct! (see Chapter 3). 

5. ElENTS SINCE 1960 

The rrodern era of research on MD dates fran 1960 and was initiated 
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by the successful transrrUssion experiments of Sevoian and his colleagues 

in the USA (59,60) and by Biggs and Payne in the UK (31,61). Sevoian I s 

group was able to transrrU t the neural, visceral and ocular forms of 

"avian lymphomatosis" by inoculation of day-old susceptible chicks with 

turrour cell suspensions, blood and other tissues; fran these 

transrrUssions the widely studied JM isolate was derived. 

In the UK in 1959, in the face of continuing concern about lack of 

understanding of MD, a Leukosis Experimental Unit was established at 

Houghton Poultry Research station by the Agricultural Research Council. 

Here, Biggs and Payne (31,61) transmitted the neural and visceral forms 

of MD, their success being dependent on the use of whole blood inocula 

fran MD-affected birds and young susceptible chicks as recipients, and 

of strict isolation facilities, which enabled uninoculated control 

chicks to be kept free fran adventitious infecticn. They compared the 

pathology of experimentally-induced MD with that of lymphoid leukosis, 

and the properties of the MD agent with leukosis virus, and provided 

further evidence for dissociating the tVlO diseases. Subsequently Biggs 

and his colleagues (62) transrrU tted a virulent form of lymphomatosis 

that appeared in the UK in 1965. They showed that it was an acute form 

of MD and apparently identical to a disease which was becorrUng increas

ingly prevalent in broilers in the USA (63,64), where it was terrred 

"visceral lymphomatosis" or "acute leukosis". 

These findings, and the increasing severity of acute MD in many 

countries, greatly stimUlated research on MD. By 1967 a herpesvirus had 

been identified as the cause by Churchill and Biggs (32) and Nazerian 

and his colleagues (33) and by 1970 live virus vaccines against MD had 

been developed (65, 66) and were available commercially. The 25 years 

since 1960 have been marked by the growth of a large body of knowledge 

on MD, much of which canprises the rest of this bock. 
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2. CLINICAL DISEASE AND ITS ECOOarrC IMPAcr 

H.G. PURCHASE 

1. INTROOucrIOO 

Marek's disease (MD) is the llDst comron clinical neoplastic condi

tion of any animal, including man, on the globe. However, the clinical 

disease represents the "tip of the iceberg" in that many llDre birds are 

infected with the virus than shCM clinical signs. Clinical signs are 

also very varied. 

The disease was first recognized as a clinical entity by Marek in 

1907 (1). The fonn knCMn as "classical" MD was a chronic, neuropathic 

condition: it was reported sporadically from many countries during the 

first half of the century. A llDre highly pathogenic, acute fonn of MD 

was first reported in Delaware in the 1950's (2) and subsequently spread 

throughout the USA. The acute fonn was first recognized in the UK in 

1965 (3). Following the advent of the vaccine against MD and its use 

worldwide in the early 1970' s (4), the incidence of clinical disease 

declined substantially. HCMever, there is now a resurgence of reports 

of outbreaks of disease in laying hens and condEmTlations in broilers 

which have been vaccinated. These "vaccine failures" rray be due to the 

appearance of exceptionally virulent viruses against which the vaccine 

fails to protect (5-7). These new "variant strains" are causing per

acute disease in vaccinated chickens resulting in significant losses. 

2. OCCURRENCE OF INFECTIOO AND DISEASE 

2.1. Prevalence 

2.1.1. Global prevalence. MD probably occurs in p:mltry-producing 

countries throughout the world. In developed countries with advanced 

poultry-producing technology, the disease is v-Bll recognized and llDst 

flocks of laying chickens are vaccinated against it. It is likely that 

L. N. Payne (ed.), Marek's Disease. Copyright © 1985. Martinus Nijhoff Publishing, 
Boston. All rights reserved. 
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every flock of chickens raised under an intensive production system 

suffers some loss fran MD; however, detection and reporting systems vary 

greatly. For example, international disease reports indicate that MD 

has not been recorded in Yugoslavia (8,9), though it is highly unlikely 

that any country is completely free of the disease (Table 1). 

In countries with developing market economies, MD could easily occur 

without being recognized. In some of these countries there is a great 

shortage of veterinary personnel and transportation, so diagnostic 

services are lacking. Where there are diagnostic services, uncontrolled 

acute diseases such as fowl typhoid and Pullorum disease are so preva

lent that they mask the occurrence of MD (10). MD is sometirres confused 

with lymphoid leukosis and is recorded as such and is therefore not 

reported as MD. It is possible that isolated flocks in field situations 

may occasionally be free of the disease though it is unlikely that 

entire countries, like Cuba and Turkey (8,9), are free of the disease 

(Table 2). 

2.1. 2. Prevalence under different production practices. Pastoral, 

extensive husbandry practices probably delay the tirre of first exposure 

of the chick to MD virus (MDV) and reduce the virus dose. Chickens with 

early signs of disease may succumb to predation or may not be recognized 

as ill because of infrequent observation. Thus the prevalence of MD is 

likely to be lower under these extensive husbandry conditions. 

Under intensive husbandry there is often a considerable residue of 

waste, dust, and feathers left in the growing house between crops of 

birds, resulting in the early infection of young chicks. Chicks are in 

close proximity to one another, facilitating contact spread. Also, there 

is a limited free exchange of air, particularly in the winter, resulting 

in a high concentration of MDV-infected dander in the air. These condi

tions lead to an earlier infection with a larger dose of virus than 

under extensive conditions. The greater transmission of virus fran 

chicken to chicken in the winter is reflected in higher condemnations 

fran MD among broilers during those rronths (see Section 2.2.2.). 

Particularly in the USA, certain areas with intensive poultry pro-

duction have higher condemnations than others. For example, Delaware 

has for many years had a consistently higher condemnation rate than 

Georgia (Table 3). The reasons for this difference are not clear. 
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Chickens from IT\3Jly of the sane genetic stocks are used in both loca

tions. Husbandry practices differ only slightly due to the slightly 

lower average year-round temperature in Delaware than in Georgia. It 

is possible that the rrajor poultry-producing fanns are closer together 

in Delaware than in Georgia though this trend is not obvious. Another 

possibility is that more highly virulent strains of MDV occur in 

Delaware than in Georgia. 

TABLE 3. Leukosis condemnations in young chickens 

Year USA Georgia Delaware 

61 0.11% 0.08% 0.28% 

62 0.13 0.09 0.47 

63 0.22 0.22 0.75 

64 0.43 0.50 1.10 

65 0.52 0.54 1.52 

66 0.92 0.89 2.36 

67 1.27 1. 75 3.06 

68 1.54 2.71 2.85 

69 1.48 2.54 2.29 

70 1.57 2.89 1.96 

71 1.42 2.26 1.71 

72 0.85 0.90 1.40 

73 0.45 0.26 0.98 

74 0.28 0.15 0.57 

75 0.15 0.15 0.27 

76 0.17 0.17 0.16 

77 0.16 0.08 0.29 

78 0.10 0.03 0.23 

79 0.11 0.03 0.22 

80 0.08 0.02 0.25 

81 0.08 0.02 0.29 

82 0.08 0.02 0.46 

%Reduction 94.9% 99.3% 76.5% 

1970-1982 20-fold 144-fold 4-fold 

Data are fran the Statistical Reporting Service, United States 

Department of Agriculture (Source R.L. Witter) 
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2.1.3. Prevalence among different avian species. Signs compatible 

wi th MD have been observed in many different species of birds (11). 

However, there is little evidence that the signs were actually caused by 

MDV, whether or not the virus was isolated from diseased birds. Thus 

Kenzy and Cho (12) isolated MDV from a llI3.ture quail that had ocular 

lesions. However, they did not show that the virus so isolated induced 

ocular lesions in recipient pathogen-free quail. Successful experimental 

transmission has been accomplished in some species; however, typical 

signs of MD in recipient birds are either very rare or are lacking. For 

example, inoculation of turkeys with MDV may lead to tUIlDurs after a 

long latent period but very rarely (in one of four experiments) results 

in the classical nerve involvement seen with MD in chickens (13). 

2.2. Incidence 

2.2.1. Rate of occurrence. Prior to the use of vaccines, morbidity 

and mortality could range in egg-laying flocks from almost 0 to as high 

as 60%. Losses of up to 30% were corrm:::m. Am:mg meat-type birds the 

incidence was usually lower because they were slaughtered at an early 

age, 7 weeks for broilers in the USA. In other countries, and in 

roasters in the USA which are grown for 10 to 12 weeks, morbidity and 

mortality could reach up to 30%. In extensive farming systems and 

countries with developing marked economies, where vaccines against MD 

are not available, current losses llI3.y reach these levels. 

Since the use of vaccines against MD, the incidence has decreased 

dramatically. Only occasionally, for example when vaccines have become 

inactivated due to mishandling, do losses similar to those described 

above occur. Almost all (95 to 100%) egg-type chickens are currently 

vaccinated against MD (Table 4). In most countries less than 5% of the 

birds started or hatched die of MD. Italy appears to be an exception 

where 18% die of MD. Less than 2% are condemned from MD at slaughter. 

Fewer meat-type chickens than egg-type chickens are vaccinated 

except in Italy. Whereas in Canada, and the USA 75% or more are 

vaccinated (Table 5), llI3.ny countries do not vaccinate meat-type chickens 

against MD. Losses during the growing pericd. are usually 0.1% or less, 

except in Israel where they are 0.5%, and in Australia where they are 

1.5%. In Italy, the USA, and Israel, condemnations among slaughtered 

birds are 0.2% or above. 
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2.2.2. Seasonal incidence. Arrong treat-type chickens which are 

slaughtered when young, there is a distinct seasonal incidence. Thus 

the peak of condemnations in the USA occurs during the winter and early 

spring I1Dnths fran February to April (Fig. 1). The incidence is lowest 

in the sumner from July to September and highest in the winter from 

February to April. The trend is remarkably consistent fran year to 

year. The incidence is probably higher in the winter I1Dnths because the 

circulation of air is reduced in order to maintain a sui table growing 

temperature and because the virus survives longer in the low tempera

tures of winter than in the high temperatures of sumner. 

Arrong egg-type chickens there does not appear to be a clear seasonal 

variation in incidence of MD . 
. 50 

en .40 
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FIGURE 1. Recent trends in leukosis condemnations in broilers 

Percent condemnations fran MD in the USA and the States of Georgia and 

Delaware, Maryland and Virginia (Delmarva). Data are for leukosis 

condemnations of young chickens, all of which are fran MD, fran the 

Statistical Reporting Service, United States Department of Agriculture. 

(Source R.L. witter). 
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2.2.3. Incidence under different husbandry practices. Prior to the 

use of the MD vaccine, the only known methods of control were increasing 

the genetic resistance of the chickens and reducing the opportunities of 

exposure by careful attention to hygiene. Even though the trends were 

not always consistent, it appeared that operations with the lowest 

losses had "all-in all-out" systems and were cleaned out between every 

batch, particularly after batches which had a high incidence of MD. 

Occasionally severe losses occurred in unexpected situations such as in 

new houses. These ~re explained on the basis that a highly virulent 

strain of MDV entered the flock and spread before a mild or nonpatho

genic strain. 

Since the extensive use of the vaccine, husbandry practices have 

become lax. In the USA conditions were aggravated by the energy crisis 

which occurred in the mid 1970' s. Houses ~re cleaned less frequently 

and less thoroughly. Limi ted-area brooding was used to reduce the 

amount of space that needed heating. In this brooding practice, chicks 

are confined to a limited area of the house, usually one end, which is 

separated from the remainder of the house by a curtain. This places 

chickens in close proximity to one another, particularly when they are 

young and rrost susceptible to infection. In order to conserve energy 

further, some p::)Ultry farmers tried brooding at one end of the house 

when older chickens ~re at the other end. The older chickens Y.Duld 

provide some heat for the younger chickens. Also the older chickens 

~re an excellent source of virus infection and some very severe losses 

occurred. 

2.2.4. Recent trends. Condemnations from MD in young chickens have 

declined significantly in the USA since 1970, when the MD vaccine was 

introduced (Fig. 2) . National condemnations have decreased from a 

maximum of 1. 57% in 1970 to 0.08% in 1982, a decrease of 94.9% or 20-

fold (Table 3). 

In Georgia the decrease was even rrore dramatic from 2.89% in 1970 to 

0.02% in 1982, a decrease of 99.3% or 144-fold. However, in Delaware 

condemnations have been consistently higher than in Georgia or the 

average for the USA. Even before the advent of the vaccine, from the 

ini tiation of the inspection of chickens in 1961, condemnation from MD 

in Delaware has exceeded that in Georgia or the average for the USA. It 
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reached the rraximum of 3.06% in 1967 and declined to 0.16% in 1976. 

However, between 1976 and 1982 it has increased to 0.46%. The reason 

for this increase is not clear, but it nay be due to the highly virulent 

variants of MDV enzootic in this growing area. 

5.0 r-------------------------, 5.0 

'" l:l 
~ 
0 

1.0 '" 1.0 
:.., 

" :. 
::. 0.5 (' t 0.5 
E HVT 
"0 Marek"s VacCine 

" Disease Introduced c 
E Virus 
" "0 Isolaled c 15-lold 0 .;-1J () reduction 
'" 0.1 0.1 
c since 1970 
.!: 
U 

IU 5.1 

.E: 
() 0.05 0.05 
0 
"E United States 

" u 
Q; 

Q. 

0.01 0.01 

·62 ·64 ·66 ·68 "70 ·72 ·74 ·76 ·78 "79 

Year 

FIGURE 2. Control of MD in broiler chickens by vaccination with turkey 

herpesvirus (HVT). (Data fran Statistical Reporting Service USDA). 

In October 1983, a bivalent vaccine against MD, containing the 

herpesvirus of turkeys and the S8-1 strain of MDV, was licensed in the 

USA. This vaccine appears to be highly effective and preliminary 

reports indicate that there is a drarratic reduction in condemnations in 

the problem States in the USA, such as Delaware (Fig. 1), where it has 

been used (14). 

2 . 3 . Incubation period 

2.3.1. Experimental. Susceptible chicks inoculated at 1 day of age 

generally do not sha.N' clinical signs until between the 3rd and 4th week 

(11) • In scrre birds, clinical signs nay not appear until they are 

several months old. 

2.3.2. Field. Under field conditions, when the tirre of infection 

is unknOoN'n, clinical signs salEtimes appear as early as 3 weeks. 
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HONever, !TOst flocks show few signs until the 7th or 8th week which, in 

the USA, is just prior to slaughter of broiler chickens. In egg-type 

chickens, clinical signs are often first noted just prior to sexual 

maturity at 16 to 20 weeks of age. Particularly in recent years in 

vaccinated flocks, the disease has first become apparent at 24 to 30 

weeks, though this is unusual. 

A transient paralytic syndrome referred to as temporary paralysis 

<15,16) or transient paralysis <17,18) has been described. Clinical 

signs may appear in a very few or up to 50% of a flock at about 4 weeks 

of age. In individual birds the signs rarely last !TOre than 2 to 3 days 

before the birds recover. HONever, recovered birds often succumb a few 

weeks later to clinical signs of MD. 

3. THE DISEASE DURING PRODUCrrON 

3.1. Visible signs 

The !TOst common clinical sign, particularly in the classical form of 

MD, is some form of interference with nerve functioo. It usually takes 

the form of a progressive paresis, spastic or flaccid, eventually cul

minating in· canplete paralysis (Fig. 3). Alrrost any nerve in the body 

may be involved unilaterally or bilaterally. Most commonly, one or !TOre 

extremities are involved. An uneven gait, lameness, favouring of one 

leg over the other, and paralysis of one leg, are !TOst common. Drocping 

of one or both wings also occurs. Invol vement of the motor nerves to 

the neck muscles may result in the head being held low and torticollis. 

Involvement of the eyelid muscles results in ptosis or closed eyelids. 

Involvement of the vagal nerve can result in paralysis and dilation of 

the crop leading to a pendulous crop and involvement of the intercostal 

nerves can result in gasping. A very common characteristic attitude in 

advanced disease is vertical or lateral recumbency with one leg 

stretched forward the other backward. This attitude may be a result of 

a spastic rather than a flaccid paralysis. 

In an affected flock, birds appear unthrifty, have delayed feather

ing, have ruffled feathers, and are stunted. 

The effects of turrour masses are sometimes seen. Occasionally uni

or bilateral exophthalmia is seen caused by a retrobulbar turrour. Some

times turrours can be seen at the base of the comb and on the featherless 
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parts of the hock and shank resulting in roughening of the scale-covered 

skin. Occasionally l~ occur between the toes. On palpaticn, feather 

enlarged follicles or, occasionally, tUIlDurS rray be felt on the 

featherro parts of the body. 

FIGURE 3. Paralysis of the legs in Marek's disease. 

Sometimes birds affectro with particularly acute strains of virus or 

those becoming ill during the height of mortality are reluctant to move 

and die without showing any of the signs describa:1 above (19). 

When tUIlDur cells infiltrate the iris (an iridocyclitis), it nay 

turn fran rrodish brawn to gray, a conditiCXl often referrro to as gray 

eye, ocular leukosis or the ocular form of MD. Such irises are usually 

unresponsive to light. Sometimes so much tUIlDurous rraterial invades the 

iris that the tUIlDur obliterates the pupil. 

3.2. Clinical biochemistry 

3.2.1. General. The clinical chemistry has not been studied in 

detail, probably because changes are not specific or diagnostic for MD. 

Chickens nay be dehydrated, resulting in an increased haerratocrit or, 

less cormonly, anaemic, resulting in a decreasro haerratocrit. In 
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advanced cases of disease, erythrocytes appear llDre fragile and hael!D

lysis is often noted. 

Birds with MD may have a very severe immunosuppression. The immuno

suppression often exacerbates concurrent or secondary infections such as 

coccidiosis, septicaemia and air-sacculi tis, so it is not unusual to 

have clinical signs of one of these diseases mask the signs of MD. 

3.2.2. Specif ic effects on nerves. In chickens affected with MD, 

it is likely that nerve function tests would reveal dysfunctions before 

clinical signs appear or in the absence of clinical signs. 

3.2.3. Nonspecific effects of tUllDurS. TUllDurs can interfere with 

functions of alllDst any organ. Thus tUllDurs of the liver would result 

in liver dysfunction and tUllDurS of the gonad would interfere with the 

reproductive function. TUllDurs in the intestine can result in diarrhoea, 

ulceration and hael!Drrhage. 

3.3. Sub-clinical effects 

3.3.1. Broiler production. There is no doubt that in chickens with 

MD the growth rate and feed conversion are adversely affected. Until 

the advent of the vaccine against MD, it was impossible to rreasure the 

effect of the disease on production. However, assuming that the vaccine 

is completely effective in preventing the adverse effects of MD (\\hich 

it is not), it is possible to estimate the subclinical effects of MD on 

production. These are therefore conservative estimates. 

An average reduction in feed conversion by MD was estimated to be 

0.5%. Thus Eidson et a1. (20) estimated, on the basis of trials involv

ing approximately 3 million chickens, that vaccination of broilers with 

one-half dose or less of vaccine increased body weight of vaccinated 

birds 0.1 pounds and that vaccination with a full dose increased body 

weight of vaccinated birds 0.2 pounds. In other experirrents (M.A. 

Norcross, unpublished data) involving 4,000 birds, feed conversion in 

vaccinated birds was better than in control birds by between 0.7 and 

1. 5%. Other losses ascribable to MD include 1. 6% cond€IDl1ation fran MD, 

1.9% condemnation from other causes, 5.0% broiler llDrtality, and a 20% 

loss of breeders (21). 

3. 3.2. Egg production. Increase in egg production on a hen-day 

basis in different field trials was between 4 and 9.3% when the vaccine 

was used (22-24). The number of eggs produced r:er chicken in the USA 
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reached a plateau in the years from 1967 through 1970, but in 1971 the 

number was approximately 2% greater and from 1972 to 1973 it was 4% 

greater than the plateau level (21). In some studies (22), vaccinated 

birds required 0.12 pounds IOOre feed per dozen eggs than unvaccinated 

birds; whereas, in others (23), unvaccinated birds required 0.4 pounds 

IOOre feed per dozen eggs than vaccinated birds. In none of the trials 

was there any significant effect on egg quality. Although there may be 

some adverse effects of MD on feed conversion, they cannot be considered 

significant. Thus, a decrease in feed efficiency is not concurrent with 

the decrease in egg production fran MD. 

4. 'mE DISEASE AX SIA03HI'ER 

4.1. Criteria for condemnation from MD. 

4.1.1. Clinical criteria. In the USA and many other countries, 

ante-IOOrtem inspection of poultry on the day of slaughter is required. 

The inspection may occur in a broiler house crowded with chickens or in 

crates on the back of a truck. During inspection under these conditions 

it is unlikely that the early signs of MD \\Duld be detected. For 

example, ruffled feathers, lameness, or droopiness of a few chickens 

\\Duld not be recognized. HONever, the obvious signs of nore advanced 

disease \\Duld be easily recognized. For example, paralysis, blindness 

or visible tunours on the nonfeathered part of the body can be readily 

seen whether or not these signs are caused by MD. However, it is nost 

likely that chickens exhibiting these signs \\Duld be condemned as unfit 

for human consumption. The clinical signs of MD are so varied and non

specific that it is alnost impossible to make a definitive diagnosis 

based on clinical signs alone. Nevertheless, birds exhibiting such 

clinical signs \\Duld be considered unhealthy and therefore unwholesome. 

4.1. 2. PostiOOrtem criteria. PostiOOrtem inspection of slaughtered 

poultry usually begins after stunning, bleeding and plucking. It 

usually occurs after evisceration but before the viscera are separated 

from the carcass. 

Birds with extensive tunours pose no problems of disposition. Even 

though there is no evidence of harmful effects of eating tunour tissue 

from birds, whether cooked or not, the tunour tissue is not considered 

aesthetically wholesome. Thus birds with extensive tunours are not con-
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sidered suitable for human consumption. However, occasionally in rural 

settings in developed countries, and often in developing countries, 

slaughtered birds with extensive tUllDurs are eaten. There are no known 

harmful effects of such a practice. 

In developed countries and where poultry are reared intensively 

there are two possible dispositions of chickens with just one organ such 

as the liver, gonad, muscle or skin, affected with MD tUllDur. 

One action is to condenn the whole carcass as unfit for human 

consumption when any evidence of a tUllDuroUS condition due to MD is 

present. The rationale is that MD is a malignant and systemic condition 

and therefore present in all parts of the body. Aesthetically this 

elimination of all chickens with MD fran human consumption is pleasing 

to the lay consurrer and reassuring that the poultry being eaten do not 

contain tUIlDur. However, significantly more chicken meat is condenned 

than if the tUllDurous portion of the organ is rerroved and the remainder 

passed for human consumption. A single lesion in a carcass may be an 

indicator of widespread systemic disease. Thus chickens with visible 

tUIlDurs in one portion of the body may have microscopic tUIlDurs else

where. Frankly neoplastic lymphocytes may be present in the circulation 

or lymphoid tissues. However, because a large percentage of birds at 

slaughter are infected with virus and show no signs, virus infected 

chickens would be passed for human consumption. There is no known 

harmful effect on humans of eating virus-infected chickens although some 

concerns have been expressed. There may be a difference between a 

carcass containing a virus and a carcass containing a tUllDur because 

some factor, in addition to the virus, has to be present for the tUIlDur 

to occur. However, no such factors which could be harmful to the 

consumer have been identified. 

An alternate action is to rerrove only the organ or part of the organ 

which contains the visible tUIlDur. Aesthetically this action is less 

pleasing to the lay consumer than the condemnation of the whole carcass 

because of the known ability of "cancer" (and MD is a cancer) to spread 

to other parts of the body (metastasize). Therefore tUllDurS could occur 

in edible parts in which no overt tUIlDurS are seen. Scientifically this 

disposition of tUllDuroUS tissue is more defensible than the condemnation 

of the whole carcass because most of the chickens slaughtered, whether 
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they have tumours or not, are infected with virus and neither the virus 

nor the incipient turrours are harmful to the humans that consurre them. 

Much less of the IX>ultry processed is condemned and thus IlDre is avail

able for human consumption. 

Very srrall tumours that are only just visible with the unaided eye 

IX>se an additional problem in neat inspection. The correct identifica

tion of such lesions is particularly iI11pJrtant where the whole carcass 

must be condemned if the lesion is shown to be MD. For example, in the 

USA, one enlarged feather follicle with the characteristic whitish 

translucent appearance of lymphoid infiltration of MD will result in 

condemnation of the whole carcass. Histological examination of such 

follicles has confirrred the ability of experienced neat inspectors to 

recognize the early lesions of MD. Gaining experience in recognition of 

these small MD lesions and development of uniform regulations for disIX>

sition of affected chickens and implerrentation of such regulations was 

at least partially responsible for the increase in the rate of condemna

tion from MD in the USA between the tine that rreat inspection was first 

instituted in 1961 and the peak of MD losses in 1967 to 1970 (Table 3). 

4.1.3. Criteria for distinguishing MD from other conditions. At 

ante-mortem inspection, postmortem inspection, examination in diagnostic 

laboratories and pathologic examination, it is iI11pJrtant to distinguish 

between MD and other diseases which affect the same organ systems as MD. 

Clinical signs of idiopathic IX>lyneuri tis (25) are similar to those 

of MD. Clinical signs of several diseases of the central nervous system 

can be readily confused with MD. Examples are virus diseases such as 

Newcastle disease, avian encephalomyelitis, equine encephalitides; 

bacterial diseases such as botulism and fowl cholera; fungal diseases 

such as aspergillosis; and nutritional diseases such as encephalomal

acia. Similarly, diseases of the musculoskeletal system can be confused 

with MD, 

rickets, 

injuries • 

such as infectious stunting, infectious synovitis, perosis, 

bumble foot , osteopetrosis, arthri tis of various causes and 

Blindness from physical injury and opacity of the cornea from 

infection, such as infectious coryza, should not be confused with ocular 

lesions of MD. 

Other tumours and localized inflarrrnatory conditions rray be confused 

with MD turrours. Examples are turrours such as lymphoid leukosis and 
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sarcomas; and infections such as Hjarre' s disease or colibacillosis, 

tuberculosis and salrronellosis. Diseases of the skin which can be con

fused with MD incltrle tUllDurs of the skin, fowl pox, scaly leg mites, 

and injuries. 

4.2. Inspection requirements in different countries 

4.2.1. Nature of inspection. In the USA, Canada and UK regulations 

for red meat inspection preceded those for poultry inspection. However, 

rrost developed countries now require that all poultry in corrmercial 

channels in the Nation must be inspected for wholesomeness (Table 6). 

The USA regulations follow (26): "A postrrortem inspection shall be made 

on a bird-by-bird basis on all poultry eviscerated in an official estab

lishment. No viscera or any part thereof shall be rerroved from any 

poultry processed in any official establisrurent, except at the tinE of 

post rrortem inspection unless their identity with the rest of the 

carcass is maintained in a manner satisfactory to the inspector until 

such inspection is made. Each carcass to be eviscerated shall be opened 

so as to expose the organs and the body cavity for proper examination by 

the inspector and shall be prepared inmediately after inspection as 

"ready-to-cook poultry"." 

Many countries have laws which require inspection but for economic 

reasons they are not enforced. The degree of enforcement is impossible 

to assess from the written regulations. Sare indications of the extent 

of the regulations were obtained fran a questionnaire sent to corres

ponding secretaries of the World Veterinary Poultry Association (Table 

6). All countries responding except Australia, Israel, and Switzerland 

had poultry inspection and in all countries, except Australia and 

Switzerland, the inspection was under veterinary supervision. It is 

interesting to note that whether or not birds were inspected had no 

relationship to the amount of poultry produced per capita or per 

country. 

In the USA the examination of individual chickens has proved expen

sive. During the last several years, in order to adapt to a growing and 

changing industry, the efficiency and effectivness of poultry inspection 

have been significantly increased. The Food Safety and Inspection 

Service of the U.S. Departrrent of Agriculture, the agency responsible 

for poultry inspection, has designed, tested and is now evaluating a new 
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inspection procedure for broilers which will greatly increase production 

line speeds and also permit improved productivity for the agency. The 

procedure places the responsibility for trimming carcasses on the plant, 

without direct Federal supervision. A federal inspector verifies that 

the trimming was properly peformed. 

The agency is exploring the possibility of flock testing as a tiIlE

saving suppleIIEnt to poultry inspection. It is studying the feasibility 

of predicting the level of disease conditions likely to occur at 

slaughter based on characteristics of the flock and its environIIEnt. 

Such an approach might enable the agency to adjust the intensity of post 

rrortem inspection to the needs of a particular flock of birds (27). 

4.2.2. Regulations concerning disposition of carcasses affected 

with MD. All countries with regulations requiring inspection of poultry 

identify MD (often by different narres) as a reason for condemnation 

(Table 4). In Switzerland the IlEat inspection instructions indicate 

"attention must be given to leukosis". 

Examples of the regulations in countries in which the whole bird 

must be condemned if a diagnosis of MD is made are the USA, UK and 

Israel. The USA regulation reads: "carcasses of poultry affected with 

anyone or rrore of the several forms of the avian leukosis complex shall 

be condemned." The UK regulation reads "indication of unfitness for 

human consumption:.... (0) malignant or multiple turrours, (p) avian 

leukosis complex, (q) Marek's disease" (28). The regulation for Israel 

reads "where in any fowl there is revealed.... (b) leukosis of all 

forms-condemnation shall be complete" (29) . Regulations in Israel 

apply only to poultry products for export. An example of a regulation 

where only the affected parts of the carcass need to be condemned is 

that of South Africa which reads: "Total or partial condemnation shall 

take place if poultry upon inspection is found to be suffering from 

leukosis, Marek's disease, neoplasITS .... the entire bird shall be con

demned if--(a) the disease is accompanied by emaciation, and/or dehydra

tion; (b) advanced pathological changes are observoo; or (c) the condi

tion has so spread that affected portions or organs cannot easily be 

separated (30)." 
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5. ECOOCMIC lOSS FROM DISEASE 

5.1. Vaccination. 

5.1.1. Proportion vaccinated. The herpesvirus of turkeys (HVTl is 

the most widely used vaccine. Recently a bivalent vaccine combining HVT 

and apathogenic MD has been licensed for use in the USA. All chicks are 

vaccinated in the hatchery at 1 day of age. When the !WI' vaccine first 

became available in the early 1970's, manual vaccination procedures were 

used and only 500 chicks could be vaccinated per hour. Quality control 

of the vaccination procedure was poor and some chicks probably failed to 

get vaccinated. Chicks still have to be handled manually but the injec

tion is done automatically and chicks can be vaccinated at over 5,000 

per hour. Quali ty control of the administration has improved greatly. 

For example, many companies add a blue dye to the vaccine and then 

carefully exarrdne a portion of the vaccinated chicks to ensure that the 

vaccine is delivered parenterally. Very few, if any, chicks are 

missed. 

Sanetirres antibiotics or other vaccines are combined with the MD 

vaccine for administration. Great care should be taken to ensure that 

materials added to the vaccine do not interfere with the potency of the 

vaccine. Potency control of the vaccine and quality control of the 

vaccination procedure are extrerrely important. All vaccine used in the 

USA is cell-associated and is stored in liquid nitrogen. Sorre vaccine 

used in other countries is lyophilized. 

5.1.2. COst of vaccine. When the vaccine first became available it 

often cost between 35c and 50c per dose and the application cost over 5c 

per chick:. With the advent of mass application procedures the cost of 

the vaccine plus the cost of administration is often less than lc per 

chick:. To reduce cost, vaccine for some broiler chicks is diluted. 

Batches of vaccine are often carefully titrated by the purchaser and 

then a dilution is selected that will allow a minimum of 1,000 plaque-

forming units per chick. Because USA regulations forbid the sale of 

extra diluent with the vaccine, the purchaser must prepare his own 

diluent. 

5.2. Initial benefit from vaccination 

5.2.1. Reduction of disease losses. Previous studies have identi

fied the components of loss from MD that were reduced by vaccination 
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(21) • Thus in the year 1974 benefits from the reduction of broiler 

condemnation in the USA were $27.3 millioo, fran other condemnations 

$6.3 million, from broiler mortality $5.6 million, from feed utilization 

$3.1 millioo, fran broiler breeder- mortality $5.0 millioo, fran egg-type 

chicken mortality $15.5 million, from condemnation of egg-type chickens 

$0.1 millioo and fran increased egg production $105.5 millioo. The 

total benefits from reduced losses from MD were $168.5 million. Benefits 

continue to this day at these or higher levels. 

5.2.2. Cost of research. The total estimated budget for research 

on MD for the Agricultural Research Service (ARS), ARS extramural 

support, Cooperative State Research Service, and other Federal agencies 

in the USA, e.g., the National Institutes of Health, and State agencies, 

is $17.1 million (21). Excluded from these figures are the cost of 

construction of facilities and the support of research prior to 1964. 

The sum of the cost of research from 1965 to 1974 was $17.1 million and 

the cost compounded at 10% per annum to 1974 was $24.7 millioo. 

5.2.3. Economic return from investment. The returns from research 

are estimated at $460.0 million from 1965 to 1974 or $2.30 per persoo in 

the USA. Annual returns are $168.5 million or about 84c per person in 

the USA. The flaN of return (benefit minus research costs) extends fran 

1971 into perpetuity. 

Because benefits had reached a maximum by 1974, it was assumed that 

after 1974 research only maintained the level of productivity and did 

not increase it further. This assurrption is rather conservative and 

should result in a conservative estimate of the rate of return. The 

external rate of return, if we use a 10% discount rate, is 442.8%. This 

can be interpreted to mean that the average dollar invested in research 

00 MD (public and private) in the USA has returned 10% annually to 

society fran the date of investment to 1974 and is naN paying off at a 

rate of 442.8% per year. The benefit-cost ratio calculated from this is 

44.3, which means that the average dollar spent on MD research will 

return $44 in economic benefits. 

When annual saving to broiler production are divided by the weight 

of broilers produced, the benefits fran MD research amount to O.S6c per 

pound. Similarly, the MD vaccine reduced the cost of producing eggs by 

2.22c per dozen. 
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5 .3 • Current economic loss fran MD. 

5.3.1. Cost of vaccine and application. If it is estimated that it 

costs approximately lc for the vaccine and its application and that all 

broilers and layers in the USA are vaccinated, then the rost of vaccina

ting 4,150 million broilers is $41.5 million and of vaccinating 287 

million layers is $2.9 million. Thus the total rost of vaccination is 

$44.4 million. 

5.3.2. l-Drtality. A rrortality of 0.1% (Table 5) which generally 

occurs just before slaughter would decrease the total incorre fran 

broilers from $4,703 million (31) by $4.7 million. Similarly a rrortality 

of 3% of egg-laying chickens would decrease the gross incorre of $123 

million (31) by $3.7 million. Thus total losses from rrortality from MD 

are $8.4 million. 

5 • 3 • 3 • Condemnations. Losses from broiler rondemnations are 0.08 % 

(Table 3). This would reduce the gross incane fran $4,703 million by 

$3.8 million. 

5.3.4. Loss of egg production. If one assurres a loss of egg pro

duction of 3% due to egg-type chicken rrortality just before or just 

after sexual rraturity and to decreased production by affected chickens, 

then incane of $3,457 million fran egg production is reduced by $103.7 

million. 

5.3.5. Total cost of MD. In the USA the total rost of MD is approx

imately $160.2 million. In broilers this represents the cost of vaccin

ations and the loss fran rrortality and rondemnation of $50 million. In 

layers this represents a cost of vaccination and loss fran rrortality and 

loss of egg production of $110.3 million. 

If one assurres that the cost of vaccination and loss fran MD is con
stant per rretric ton of eggs for laying chickens and per rretric ton of 

meat for broilers throughout the world, then one can extrapolate the 

cost of MD worldwide. Using these assurrptions the cost of MD in 

broilers is $217 million and in layers $726 million. Thus total world 

cost of MD is $943 million. 

estimate. 

6. (I)NCLUSIONS 

This is probably a very ronservative 

In spite of the development of a very effective vaccine against MD, 
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MDV infection is still ubiquitous. Losses from MD, though much smaller 

than they were before the vaccine was developErl, still oc= worldwide. 

Losses from MD are likely to be higher in developing countries where 

vaccines are not as readily available as in developErl countries. 

In certain parts of the USA and j:X)ssibly other parts of the v.orld, 

there appears to be a resurgence in losses fran MD. The development of 

new, !TOre effective vaccines such as bivalent and trivalent vaccines, 

and of new methods of application, promises to control these increased 

losses. There is little or no j:X)ssibility of ever eradicating MD from a 

country. It is hoped that continued research will keep pace with the 

appearance of new, !TOre virulent strains of MD and thus keep losses from 

MD worldwide to minimum. 
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3. PATHOLOGY 

L.N. PAYNE 

1. INTRODUCrION 

Observations nade rrore than 50 years ago on naturally occurring 

cases provided the foundations of knowledge of the nain gross and micro

scopic features of Marek's disease (MO): these incltrle enlargement of 

peripheral nerves as a result of infiltration by inflammatory or neo

plastic lymphoid cells, and lymphona fornation in various sites (1,2). 

For nany years there was much speculation on the nature and interrela

tionship of these lesions, but significant progress in understanding the 

pathology and pathogenesis of the disease was nade only after experi

mental transmission became possible and the viral agent of the disease 

was isolated, during the 1960's. Since then the nain pathological 

events that occur during the development of MD have been elucidated (3), 

usually fran studies on young genetically-susceptible chickens infected 

experimentally with pathogenic strains of MD virus (MOV). These events 

are described in this Chapter. 

2. GROSS APPEARANCES 

The gross changes corrrronly present in classical and acute MO are 

enlargement of peripheral nerves, lymphana fornation in various organs 

and tissues, and atrophy of the bursa of Fabrici us and thymus. Ocular 

changes are sanetimes observed. In the unCoom::>rl syndrOllE termed trans

ient paralysis that nay follow infection with MOV, no nacroscopic 

lesions occur. 

2.1. Peripheral nerves 

Enlarged peripheral nerves are present in alrrost all chickens with 

clinical signs of classical MD and in nany chickens with the acute form 

of the disease (Fig. 1). Affected nerves are usually two to three times 

L. N. Payne (ed.), Marek's Disease. Copyright © 1985. Martinus Nijhoff Publishing, 
Boston. All rights reserved. 
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FIGURE 1. Enlarged brachial and sciatic nerves, and an ovarian lymphoma 

(arrow), in a 5-week-old chicken with acute MD. 
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their normal thickness, and occasionally much more. The enlargement may 

affect a nerve uniformly along its length or it may be more limited or 

nodular. Enlarged nerves lose their normal glistening cross-striations 

and have a grey or yellow discolouration; they may be oedematous and 

have a rubbery consistency. Dorsal root ganglia may be enlarged. The 

distribution of affected nerves varies from case to case. The nerves of 

the lumbosacral and brachial plexuses, and the sciatic and brachial 

nerves, are often enlarged, and a high incidence of involvement of auto

nomic nerves, notably the coeliac plexus, is observed. In a survey of 

502 macroscopically affected natural cases of neural MD, Goodchild (4) 

detected 99% by examination of the following groups of nerves: coeliac 

plexus, cranial mesenteric plexus, nerve of Remak, greater splanchnic 

nerves, brachial plexuses, and middle lumbo-sacral plexuses. Examina

tion of the coeliac plexus alone detected 78% of cases. 

2.2. Lymphoma formation 

Lymphomas occur in one or several organs or tissues in a minority of 

cases of classical MD. In a survey of 131 field cases, Fujimoto et al. 

(5) recorded a diminishing frequency of gross tumourous involvement in 

the following sites: proventriculus, lungs, serosa, 

kidneys, thymus, spleen, skeletal muscles, intestines, 

and adrenals. 

li ver , ovary , 

heart, pancreas 

In acute MD, multiple lymphomatous involvement of various tissues is 

usual (Fig. 1). These authors (5) observed a diminishing frequency of 

gross lymphomas in the following locations in 50 field cases of acute 

MD: ovary, liver, spleen, proventriculus, lungs, adrenals, kidneys, 

intestines, thymus, serosa, skeletal muscles and heart. 

Other sites not mentioned by these authors, but in which lymphomas 

occur in acute MD, are the skin, usually around feather follicles ("skin 

leukosis"), and the bursa of Fabricius. Lymphomatous enlargement of the 

liver and spleen seems to be more oorrm::m in adult than in juvenile 

birds. 

Experimental transmission studies have revealed lymphoma occurrence 

and tissue distribution similar to those in field cases, but with minor 

variations depending on strain of virus and chicken. 
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2 . 3. Other changes 

In classical MD, muscular wasting is not uncormon. Gross athero-

sclerotic lesions in the coronary arteries, aorta and aortic branches 

have been associated with experimental MD (6), and this infection llI3.y be 

involved in the atherosclerotic lesions which can be observed naturally 

(7) . An iridocyclitis llI3.y occur in field cases, sometimes as the sole 

gross lesions, and is characterised by depigmentation of the iris ("grey 

eye" ), loss of accorrm:Xl.ation in response to light, and pupillary distor

tion (2). In acute MD, atrophy of the bursa and thymus often occurs. A 

scabby, exudative dermatitis llI3.y occur in experimental cases. 

3. HISTOPATHOIffiICAL AND ULTRAS'IRUCTURAL APPEARANCES 

An overall view of the pathogenesis of MD, as exemplified by the 

disease induced in young llI3.ternal-antibody-free susceptible chicks 

infected with pathogenic MDV, is provided in Fig. 2. Understanding of 

the changes that occur is aided by recognition of the different types of 

virus-cell interactions that pertain in MD (see also Chapter 4). These 

are characteristic for many members of the family Herpesviridae, and are 

as follows: 1) Fully productive infection, characterized by the produc

tion of fully infectious virions, accompanied by cell death, and exemp

lified in MD solely by the infection of feather follicle epithelium 

cells (see Section 3.2). 2) Semi -productive infection (restrictive or 

abortive infection), in which viral antigens and naked nuclear virions 

are formed but in which infectivity remains cell-associated. This type 

of infection is exemplifed by the infection which occurs in lymphoid and 

parenchymatous tissues, and leads to cell death (see Sections 3.1 and 

3.9) . 3) Non-productive neoplastic infection, in which viral genome 

persists in lymphoid cells, with limited antigenic expression but 

inclu:1ing the appearance of the MD turrour-associated surface antigen 

(MATSA) (see Section 3.6. and Chapter 4) resulting in irmortalization 

of cells. Neoplastic lympholll3. cells (Section 3.6), transplantable lym

phOll\3.S (Section 5), and lymphoma-derived lymphoid cell lines (Section 4) 

typify this type of non-productive infection. 4) Non-productive latent 

infection, in which viral genome persists in lymphoid cells which 

express no viral or turrour antigens but from which virus can be rescued 

by inoculation into chickens or onto cultured cells. This type of 
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infection is observed in SOIre blood and spleen lymphocytes and lymphOllE. 

cells in MD. 

3.1. Lymphoid tissues 

Primary infection by MDV, which occurs naturally usually via the 

respiratory tract, is followed within 3 days by a severe acute cytolytic 

infection of lymphoid tissue in the bursa of Fabricius, thymus, spleen 

and elsewhere (8-10) (Fig. 3). The infection occurs in reticulum cells, 

rracrophages and lymphocytes, is of the semi-productive type, and is 

characterized by the production of abundant viral antigens, as detected 

by fluorescent antibody techniques or agar gel precipitin reactions, 

irmature intranuclear virions, and cell-associated infecti vi ty . Intra

nuclear inclusion bodies can be seen in infected cells (Figs. 3 & 4). 

It has been observed that this early lytic infection of lymphoid organs 

can be eliminated by bursectomy in ovo (11); this finding suggested that 

8-cells are the initial target cells for cytolytic MDV infection and 

this has been confirrred by their direct identification in in vivo infec

tions, even in the thymus, and in in vi tro infections (12,13). Neonatal 

splenectomy delays the acute infection of bursa and thymus, suggesting 

that cells in the spleen are important in the early replication and 

dissemination of virus (14). 

The acute lymphoid infection reaches a peak at 5 to 7 days after 

infection: the abundant viral replication is accanpanied by cytolysis 

of lymphocytes and other cells, a hyperplasia of reticulum cells, 

accumulations of macrophages and infiltration by granulocytes. Cells 

bearing the turrour-associated antigen MA.TSA are also present, first 

appearing in the spleen at 5 days and in smaller numbers in the bursa 

and thymus at 7 days (15). In the thymus, the cytolytic infection and 

hyperplasia of reticulum cells occur mainly in the rredulla, and the 

cortex is markedly regressed (Fig. 5). Similar changes occur in the 

bursa, with destruction of the normal follicular architecture (Fig. 6). 

These changes result in rrarked loss of weight of the thymus and bursa. 

The cytolytic infection and reticulum cell hyperplasia also occur in the 

spleen, but lymphoid regression is not a factor in this organ, and the 

response results in a weight increase. 

These inflarmatory changes have 

lymphoreticulitis (3) and termed the 

been classified as an acute 

stage of reticuloendothelial 
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FIGURE 3. Acute cytolytic infection by MDV in lynphoid follicle in 

bursa of Fabricius , 1 week after infection of I-day- old chick . An intra

nuclear inclusion body (arrow) is present . 

FICURE 4. Intranuclear inclusion body (arro.v) in a cell in the thymic 

medulla; same case as Figure 3. 
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FIGURE 5 . Regression of cortex of thymus; saIre case as Figure 3. 

FIGURE 6. Regression of lymphoid follicles in bursa of Fabricius; same 

case as Figure 3. 
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proliferation (16). They resolve after 7 days and by 14 days the normal 

architecture of the bursa, thymus and spleen is largely restored. The 

areas of reticulum cell hyperplasia in the spleen becorre replaced by 

areas of lymphoid hyperplasia. The lymphoid atrophy which occurs during 

the first week rray be at least partly responsible for the transient 

immunosuppression which is seen at this tirre (see Chapter 7). 

A persistent cell-associated viraemia can be detected in the blood 

fran about 5 days after infection, apparently in lymphocytes and as a 

latent non-productive infection, reaching an initial peak at about 8 

days after infection and a second peak at about 4 weeks (8, 17 ) . This 

viraemia serves to distribute MDV throughout the body. 

After the recovery phase, a second wave of semi -producti ve virus 

infection, cytolysis and lymphoid atrophy can be observed in the bursa, 

associated with the development of the lymphcrnatous stage of the 

disease. 

Very highly oncogenic (variant) strains of MlJ\1 have recently been 

isolated (e.g. Md/5 and Md/ll) that induce severe early bursa and thymus 

atrophy, with lymphoid cell necrosis, and early death in the absence of 

lymphomas or nerve enlargerrent (18). 

3.2. Feather follicles 

The feather follicle epithelium provides the single location in the 

chicken in which a fully-productive infection by MDV occurs, with 

release in the feather debris of cell-free infectious virus (19). The 

associated pathological lesion has two rrain components: 1) infection and 

degeneration of epithelial cells of the feather follicle, and 2) accumu

lations of lymphoproliferative tissue around blood vessels in the dermis 

and around the infected follicles (20,21). 

Viral antigen may be detected in feather follicle epithelium as 

early as 5 days after infection (22), but the rrajority of birds do not 

shaY follicular antigen until about 14 days post-infection, at which 

tirre intranuclear inclusion bodies appear (8,9,21,22) . Subsequently 

viral antigen, inclusion bodies and infectious virus can be detected in 

feather follicle epithelium for rrany weeks. Cytopathic changes occur in 

cells of the transitional and corneous layers of the epithelium and 

include cloudy swelling and hydropic changes, rrargination of chrorratin 

and the developrrent of intranuclear and intracytoplasmic inclusion 
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bc:dies (Fig. 7). Naked and occasionally enveloped virus particles are 

present in the nucleus, and cytoplasmic inclusion bc:dies containing 

enveloped virions develop. 

FIGURE 7. Intranuclear inclusion bc:dies (arrows) in cells of the 

transitional layer of feather follicle epithelium, 4 weeks after 

infection of l-day-old chick with MDV. Also present are the dermis (D), 

follicular cavity (PC), and feather (F). 

The earliest changes in derrral lymphoid tissue are at 5 to 7 days 

post-infectioo, when perivascular lymphoid accumUlations occur. These 

increase in size and coallesce and may infiltrate derrral adipose tissue, 

pilorrotor srrooth muscle, and subcutaneous nerves, and give rise in sorre 

birds to lymphomatous turrours ("skin leukosis"). There is a correlation 

between the presence of lymphoid proliferation and viral antigen in the 

feather follicles , but the sequential relationship is still uncertain. 

It is possible that the earliest perivascular lymphoid accumUlations 

convey the virus to the derrral area, since viral antigen can be seen by 

5 days post-infection in the lymphoid cell aggregates (9), with 
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subsequent infection of the feather follicle epithelium. The viral 

antigen in the epithelium !l'ay then stimulate the further lymphoid 

accumulations that occur around the feather follicles. Occasionally 

lymphoid cells !l'ay infiltrate the feather follicle epithelium, the 

epidermis of the skin, and the pulp of the feather. 

3.3. Haenatology 

The rone !l'arrow becorres infected by MIJJ by 5 days after infection 

(8), and this !l'ay lead to a depression in red blcxxl cell count (23). In 

chicks lacking !l'aternal antibody to MlJIJ, infection leads to !l'arrow 

aplasia and a !l'arked anaemia ( 24) . Quanti tati ve studies on the rone 

!l'arrow in MD have not been !l'ade. 

In a sequential study of the leukocytic response in the blcxxl in MD, 

Payne and Rennie ( 25) observed an increase in absolute numbers of B

cells, T-cells, total lymphocytes, and heterophils, and a decrease in 

numbers of roonocytes and eosinophils, during the early stage of acute 

infection of lymphoid tissues. During the later lymphoproliferative 

phase, T-cells and total lymphocytes increased, resulting in a leukaemia 

in sorre birds, and B-cells , rronocytes , heterophils and basophils 

decreased. In leukaemic birds, roost of the increase in lymphocytes was 

accounted for by a T-cell increase, and blast cells and atypical 

lymphoid cells were also increased. 

3.4. Peripheral nerves 

'lW:l !l'ain pathological processes occur in the peripheral nerves in 

MD: 1) a neoplastic lymphoproliferation, similar to that which gives 

rise to lympho!l'as in other tissues, and 2) a pri!I'arY, segnental, cell

mediated dernyelinatioo. Both changes usually occur, wi thin the sane 

bird and even in the sane nerve, when genetically susceptible birds are 

infected with virulent MIJJ. In infections of relatively resistant birds 

with virulent virus, or infections of susceptible birds with low viru

lence virus, the dernyelinative form often occurs alone. 

A variety of types of nerve lesions, as seen under the light micro

scope, have been described (5,26,27), and have given rise to several 

classifications (Table 1). It seems likely, although not yet certain, 

that these different types of lesion are explicable in tenus of the 

lymphoproliferative and dernyelinative processes llEntioned arove, with 

variation dependent on the occurrence, severity and stage of the tv.u 



54 

processes. Payne and Biggs (27) provided a simple classification of 

nerve lesions based on nerves collected fran tv.o strains of chickens in 

MD transmission experirrents. Three lesion types ~re described: 1) A

type lesion, characterized by a lymphoproliferative infiltration and 

demyelination (Fig. 8) . 2) B-type lesion, characteri zed by inter

neuritic oederra, a lighter, inflamrratory infiltration by rrainly srrall 

lymphocytes and plasrra cells, and demyelination (Fig. 9). 3) C-type 

lesion, characterized by a light infiltration by srrall lymphocytes and 

plasrra cells. This type is =nsidered to be a mild inflarrmatory lesion. 

This classification has been used by us and other workers to classify 

neural lesions induced by other virus strains in various strains of 

fowl, and also lesions in naturally occurring cases, and has been found 

adequate for classification of at least the greater rrajority of cases. 

Nevertheless, further investigations of the variety and nature of neural 

lesions in MD v.ould be of value. 

TABIE 1. Classifications of Marek I s disease neuropathy. (From Payne et 

al. (3) by kind permission.) 

Predominant lesion 

Infiltration by srrall lymphocytes 

Infiltration by mixed lymphocytes 

Infiltration by lymphocytes 

Infiltration by reticular or 

undifferentiated rresenchyrral cells 

Sparse infiltration by srrall 

lymphocytes and plasrra cells 

Interneuritic oederra, with infiltration 

~ srrall lymphocytes and plasrra cells 

Wight 

(26) 

Type I 

Type I 

Type III 

Type II 

Classification of 

Payne and Fujirroto 

Biggs et al. 

(27) (57) 

Trtype 

A-type TIl-type 

Tnrtype 

C-type 

B-type R-type 

Following infection the earliest changes seen in the nerves are, 

under the electron microscop2, an interneuri tic infiltration by rrainly 

rracrophages and some lymphocytes at 5 days, and under the light micro-
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FIGURE 8. A-type nerve lesion, 5 weeks after infection of l-day-old 

dlick with virulent MDV. Note severe lyrrphoproliferative infiltratioo. 

FIGURE 9. B-type nerve lesion, 10 weeks after infection of l-day-old 

dlick with virulent MDV. Note inteTIleuritic oedema and sparse oell 

infiltration. 
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scope, infiltration by rrainly lymphocytes at about 10 days (9,28). An 

accumulation and proliferation of lymphoid cells and rracrophages pro

ceeds during the 2nd and 3rd weeks after infection, to give rise to the 

marked lymphoproliferative infiltration which characterizes the A- type 

lesion, ccmprised of a mixed population of srrall, rredium and large 

(blastic) lymphocytes, activated reticulum cells and rracrophages. 

Sanetirres so-called "Marek's disease (MO) cells" are present am:::mgst the 

other cell types. These have been identified as degenerating lympho

blastoid cells in which immature herpesvirions have been observed in the 

nuclei, and rrore rarely coated herpesvirions in the nuclear rnenbrane 

(29) . Virus particles , usually intranuclear, are rare in other lymphoid 

cells in the proliferative lesions. They are not observed at any stage 

of the neuropathic process in other infiltrating cells, nor in Schwann 

cells or neural fibroblasts. Although herpesvirions are rarely seen in 

the neural lesion, in situ molecular hybridization studies have revealed 

that the rrajority of infiltrating lymphoid cells in A-type nerves con

tain viral genorre (30). It is evident that the infection of lymphoid 

cells is of the non-productive type, either neoplastic or latent. 

About 75% of lymphocytes from A-type nerves are T-cells and most of 

the others B-cells (31, 32) . About 9 % carry the rnenbrane antigen MATSA 

(P.C. Po.vell and M. Rennie, unpublished results), which rray be a marker 

for neoplastically-transforrred cells. Ultrastructurally the lymphoid 

cells show no features which delineate them qualitatively from nonnal 

lymphoid cells. Depending on their differentiation, they have the 

structure of srrall, rredium or large (blastic) lymphocytes (33,34). 

Nuclear projections are not uncommon in the more immature lymphoid 

cells, but they are also occasionally observed in nonnal lymphoid 

tissue. The demyelination of peripheral nerves in MO has been studied 

wi th the light microscope (26,35,36) and electron microscope (28,33,37-

39) . There has been disagreement about the relationship between the 

demyelination and the lymphoid proliferation. Sane investigators have 

suggested that demyelination precedes proliferatioo, resulting either 

from primary Schwann cell darrage leading to demyelination and a cellular 

response (33) or fran a primary autoinmune cell-mediated demyelination 

( 37) • Infection of Schwann cells by MOIl has been considered as a 

possible initiating cause of the demyelinatioo, but evidence for this is 
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equivocal. Virions, viral antigens, and viral genorre have rarely been 

detected in these cells while in the nerve ( 8 , 9 , 28-30 ) • Sorre workers 

(40,41) however, have reported virions and antigens in satellite cells 

and non-myelinating Schwann cells after organ culture of explants 

although virions were not reactivated in myelinating Schwann cells. 

Other investigators believe that the demyelination follows cellular 

infiltration and proliferation. In a sequential study, Lawn and Payne 

(28) observed minimal demyelinatioo during the 2nd and 3rd weeks after 

infection, even when severe cellular infiltration was present. Severe 

demyelination corrmenced during the 4th and 5th weeks, at the tirre of 

onset of neurological signs, and was characterized by a migration of 

lymphocytes and macrophages within the baserrent lamina of the Schwann 

cell, with destruction of myelin but usually sparing ofaxons (Fig. 10). 

This lesioo was classified as a primary, segmented, cell-mediated demye

lination. In sorre birds this process of lymphoproliferation and active 

demyelination was progressive, whereas in others cellular infiltration 

was I1Dre sparse, oedema was present, and demyelination occurred, 

corresponding to the B-type nerve lesioo. This sttrly thus indicated an 

association between the initial tUIlDur-like lymphoproliferation and the 

subsequent demyelinatioo. The reasons for the initial migratioo of 

macrophages and lymphocytes into the nerves, CCl!IIllencing as early as 5 

days after infectioo, and for the later infiltratioo of these cells into 

the axon, accompanied by demyelination, have not been elucidated. 

According to Hoffmann-Fezer and Hoffman (32), B- and T-lymphocytes, 

and plasIl\3. cells, are nurrerous in B-type nerves. In the mild, C-type 

lesioo, there is a preponderance of T-lymphocytes. 

Several studies indicate that the primary demyelination is mediated 

irrmunologically. Skin hypersensitivity reactions to normal myelin, and 

the presence of tissue-bound and serum antibodies to myelin, have been 

detected in MD (40-42). FurtherIIDre, primary demyelinatioo in MD 

closely resembles ultrastructurally that in experirrental allergic 

neuri tis in the fowl (39,40,43,44). Recently, a spontaneous peripheral 

neuritis, termed idiopathic polyneuritis, which occurred in a flock free 

of MDV and other neurotropic viruses, and which showed close patholog

ical similarity to the B-type lesion of MD, was described by Biggs et 

al. (45). It was suggested that idiopathic polyneuritis is a natural 
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FIGURE 10. a) Invasion by macrophages and lymphocytes of nerve fibre of 

peripheral nerve of MDV-infected chicken, leading to b) Demyelination of 

axon (AX). (From Payne (90), by kind permission.) 
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autoimnune disease of chickens. The pathological similarities between 

MD neuropathy, experimental allergic neuritis, and the Landry-Guillain

Barre-strohl syndrOIre (idiopathic or acute infective p::>l yneuri tis) of 

man have been discussed by a number of investigators (37,39,40,46). 

In addition to the priIlB.ry demyelinati ve process, SOIre workers have 

observed secondary (Wallerian) degeneration ofaxons and myelin, 

particularly in heavily infiltrated nerves (33,37,39) suggesting damage 

caused by compression or toxic effects. 

3.5. Central nervous system 

The central nervous system is often histologically nOrIlB.l in MD, and 

when lesions do oc= they are usually miniIlB.l (47). The IIDSt frequent 

arnorIlB.lity is perivascular cuffing usually by mature lymphocytes and 

IlB.crophages which lie in the perivascular space of VirchCM-Robin. In 

naturally-occurring cases of MD, wight (47) observed miniIlB.l to mild 

cuffing in 64%, rroderate in 4%, and severe in 7%, with 25% showing no 

cuffing. The cuffing occurs in the white and grey IlB.tter of the brain 

and cord. Microgliosis and astrocytosis sometimes occur, particularly 

ad jacent to severe cuffing. Neuronal degeneration is rare. PriIlB.ry 

demyelination does not occur, but secondary demyelination IlB.y be caused 

by severe cuffing or mechanical distortion. In a survey of field cases, 

FUjiIIDto et al. (5) recorded cuffing in 76%, lymphoreticular cell pro

liferation in 13%, and astrocytic proliferation in 33%. In experimen

tally produced cases cuffing is observed at 1 to 2 weeks after infec

tion, reaching a peak of severity at 5 weeks after infection (9,23,48). 

Ultrastructural changes have been studied by Lawn and Watson (48). 

In mild lesions a few isolated lymphocytes or IlB.crophages were confined 

between the basement lamina of the vascular endothelium and the basement 

lamina of the nervous tissue. These cells occurred as compact IlB.sses in 

IIDre severe lesions, with a structure indistinguishable from that of 

dense lymphoid tissue elsewhere. In the most severe lesions the lympho

cytes and IlB.crophages passed through breaks in the basement lamina of 

the nerve tissue and wandered amongst glial cells and nerve cells often 

at considerable distances from the blood vessels. Rarely plasIlB. cell 

and basophils (or rrast cells) were found in the nervous tissue. 

The cause of cuffing in MD is not understood. Although cell-

associated virus (49) and viral precipi tins (8) can be detected in the 
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brain, attempts to localize virus by immunofluorescence have been 

unsuccessful (8,9). Lawn and Watson (48) favoured the hypothesis that 

in MD T-lymphocytes becone rrore rrotile and have an arnorrral migratory 

behaviour, which enables them to penetrate the endothelial barrier in 

the central nervous system. In the Virchow-Robin space they secrete 

lymphokines which attract rrore lymphocytes and macrophages from the 

blood. A similar mechanism could explain the initial migration of these 

cells into the peripheral nervous system. 

Although lesions in the central nervous system are unimportant in 

the cOIlll'On neural and visceral forms of MD, the uncorrmon manifestation 

of infection by MDV termed transient paralysis (50) is accountable to a 

brain disorder. The features of transient paralysis are a variable 

perivascular lymphocyte cuffing in the central nervous system, mild 

lymphocytic infiltration of the meninges, and mild focal or diffuse 

microgliosis (51). The cerebellum and brain stem are reported to be the 

ITDst affected, with other regions of the brain, and the spinal cord, 

less frequently involved. Neuronolysis, axon degeneration and demye

lination are rarely seen (51,52). Mild C-type lymphocytic infiltration 

of peripheral nerves occurs and mild and variable lesions in other 

organs have been reported (51, 53, 54 ) . Recent studies by Kornegay et al. 

(55, 56) indicate the essential lesion in transient paralysis is oedema 

(vacuolation) of the grey and white matter of the brain possibly 

resulting from reversible inflamnatory changes in the wall of cerebral 

blood vessels. 

Acute ataxia and paralysis, with encephalitis, similar to transient 

paralysis, were also features of infection by the very highly oncogenic 

(variant) viruses (e.g. Md/5 and Md/ll reported by witter et al. (18». 

3.6. Lymphomas 

MD lymphomas consist of a mixture of small and rredium lymphocytes, 

lymphoblasts, primitive and activated reticulum cells, macrophages, and 

in some instances degenerative lymphoblasts termed MD cells (27,57) 

(Figs. 11 & 12). Lymphocytes predominate, with the degree of differen

tiation varying between different cases from mainly small lymphocytes to 

mainly lymphoblasts. A fine reticulin network is present between the 

turrour cells. Ultrastructurally the lymphoid cells show no qualitative 

features that differentiate them from normal lymphoid cells (3,58). The 
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FIGURE 11. Ovarian lynphoma; sane case as Figure 8. 

FIGURE 12. Ovarian lynphoma ShCMing varying JlDrphology of lynphoid 

cells, including so-called MD cells (arrcms); SanE case as Figure 11. 



62 

lymphoid turrour cells are pleorrorphic, with ahmdant cytoplasm contain-

ing feN organelles other than mitochondria and ribosomes. There is 

little endoplasmic reticulum and few lysosomes or structures resembling 

the Golgi apparatus. The nuclei are fairly large, irregular in shape 

and nucleoli rray be seen. Nuclear projections, rarely seen in nOrIll3.1 

lymphoid cells are frequently present in turrour cells. Rarely, 

intranuclear herpesvirus particles, rrainly unenveloped, are seen in 

lymphorra cells. 

Multifocal lymphorratous foci are first seen at about 7 days after 

infection with pathogenic MDV , 

triculus and peripheral nerves. 

srrall greyish foci at 14 days, 

days after infection. 

rrainl y in the gonads, liver, proven

They become visible rracroscopically as 

and develop into frank turrours frcrn 21 

The rrajority (60% to 80%) of lymphorra cells are T-cells, and nnst of 

the other cells (10% to 20%) are B-cells, with srrall proportions of null 

cells and non-lymphoid cells such as rracrophages (31). A variable 

minority of lymphorra cells, fran less than 1% to !!'Ore than 35% in 

different birds, express the rrembrane antigen MATSA (59,60). Although 

viral antigens and virions are rare in lyrrphcxnas, viral genome can be 

detected in a rrajority (60% to 70%) of cells by in situ nucleic acid 

hybridization (30). Thus the MD lyrrphorra is cytologically ccxnplex. The 

T-cell component is considered to inclLrle neoplastically transformed 

cells, because lyrrphoblastoid line cells and transplantable lyrrphorra 

cells derived fran priIll3.ry MD lymphorras are all T-cells, carry MATSA, 

and contain multiple copies of MDV genome (Sections 4 and 5). Many 

investigators believe that MATSA is a specific IlI3.rker for transformed 

cells. Arrong the lyrrphorra T-cells, rrany do not carry MATSA, but are 

latently infected and carry viral genome and rescuable virus (61). 

These cells form part of the non-neoplastic ccxnponent of the lyrrphorra 

together with B-cells and non-lymphoid cells and rray be involved in 

irrmunosurveillance against transformed cells. Macrophages and natural 

killer cells fran lyrrphorras have been shown to be cytotoxic against 

transformed cells (62). 

3.7. Atherosclerosis 

According to Paterson and Cottral (7), sclerotic changes in the 

coronary and other arteries are extremely common in adult fowl, and they 
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suggested an aetiological relationship between coronary sclerosis and 

lymphomatosis (Marek I s disease). This possible association has been 

investigated in detail by Fabricant and her colleagues (6,63,64), who 

observed that although mild atherosclerotic arterial lesions were 

present in chickens uninfected by MDV, the presence of infection by 

mildly pathogenic MDV greatly increased the severity of the lesions, 

especially in birds given supplerrental cholesterol. The lesions, which 

were often occlusive, were found in the coronary arteries, aorta and 

major aortic branches, and were classified as: 1) fatty, 2) prolifera

tive, or 3) fatty-proliferative. 

In these studies, MDV antigens were detected by inrnunofluorescence 

in the medial layer of affected arteries, apparently in srrooth muscle 

cells, suggesting that virus-induced medial necrosis is an initial 

change in the developnent of atherosclerosis. Interestingly, vaccina

tion with the herpesvirus of turkeys protected chickens against MDV

induced atherosclerosis. Pathologically, atherosclerosis in chickens 

shows similarities to the disease in man, and the involverrent of a 

herpesvirus in the avian disease is of considerable canparati ve 

interest. 

3.8. Ocular changes 

The histopathology of so-called ocular lymphomatosis, considerd by 

many to be a form of MD, has been described by many workers (2,5,65, 66) • 

The corrrron findings are lymphocytic, plasma cell and SCllTEtimes 

heterophil infiltration of the iris, ciliary body, and conjunctiva, and 

less comronly of the choroid membrane, pecten and retina. Although 

earlier studies were made on naturally-occurring cases, with consequent 

uncertainty about their aetiology, essentially similar changes have been 

observed following experimental infection with MDV (67,68). Simpson 

(69,70) studied the ultrastructural changes in natural cases of the 

ocular disease, and observed numerous mature and budding retrovirus-like 

particles in a variety of cells, raising the possibility that agents 

other than MDV may also be involved. 

3.9. Other tissues 

Tissues other than those described above do not normally appear to 

be particularly susceptible to MDV infection or to show lesions. In 

experiments in which birds died 10 to 17 days after MDV infection, 
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apparently from an overwhelming infection, Calnek (71) observed f=al 

necrosis of renal tubular epithelium, with intranuclear inclusion 

bcdies, glorrerulitis or glorrerular necrosis, and f=al or generalized 

necrosis of pancreas, proventriculus, liver and heart. 

inclusion bcdies may =cur in adrenal cortical cells 

necrosis of liver was observed by Witter et al. 

early-mortality syndrome induced by variant MDV isolates. 

4. LYMPHOMA.-DERIVED CELL LINES 

Intranuclear 

(9). F=al 

(18) in the 

Lymphoid tumour cell lines can be established from a proportion of 

MD lymphomas cultured in vitro. The success rate was at first lat;', with 

only 10% or fewer lymphomas yielding cell lines (59,72), but in more 

recent studies up to 50% have given rise to lines (73-75). Factors 

helpful in the initiation of lines include culture at 41OC, use of 

special rredia, including 2-rrercaptoethanol and chicken serum, and 

derivation from transplantable lymphomas. In total, more than 80 cell 

lines from various MDV-host strain combinations are nat;' available. The 

lymphoid cell lines can be initiated either in liquid rredium, in which 

case lymphoblastoid cell lines develop, or in soft agar medium, in which 

case the cell lines are at first lyrnphocytoid (75) but become lympho

blastoid after transfer to liquid rredium (Fig. 13). The relationship 

between these two forms is not yet clear. The lymph=ytoid lines grow 

better at 410C than at 37OC, are relatively slowly growing and are 

density- dependent. The lymphoblastoid lines grow more rapidly, better 

at 370C than at 41OC, and lose their density dependency. It seems 

probable that the lymphoblastoid state represents a progression of the 

transforrred cell towards greater malignancy. 

Morphologically the lymph=ytoid line cells resemble rredium to large 

peripheral blood lymph=ytes in srrears stained with May-Grunwald-Giemsa 

stain, and rreasure 8 to 16 }.lm in diarreter. The lymphoblastoid line 

cells have a more basophilic cytoplasm, a large nucleus and nucleolUS, a 

fine chromatin pattern, and range from 13 to 34 }.lm across. Ultra

structurally the lymphcx;ytoid cells shat;' a greater resemblance to normal 

lymph=ytes than do the lymphoblastoid cells. Intranuclear irrmature 

herpesvirus particles are only rarely present in the lymphcx;ytoid and 

lymphoblastoid cell lines (75,76). 
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a ,20pm I b I 20pm I 

FIGURE 13. a) Lymphocytoid cell line, and b) Lymphoblastoid cell line, 

derived fran MD ovarian lymphona. (Fran Payne et al. (75), by kind 

permission. ) 

The lymphoid tumour cell lines, both lymphocytoid and lymphoblastoid 

are T-cells and all carry the turrour-associated antigen, MATSA (59,77). 

An embryonic antigen (chicken foetal antigen) is present in a minority 

(2 to 16%) of cells in the lymphocytoid state, and in alrrost all lym

phoblastoid cells (75,78). Other antigenic determinants present on 

lymphoblastoid line cells include Hanganutziu and Deicher-type 

heterophile antigen (79), Forssman antigen (80), la-like antigen (81) 

and major histocanpatibility ccxnplex antigens (82,83). The cells are 

negati ve for Fc receptors and surface IgM (81). The cell lines are 

essentially diploid but chrOllOsomal abnormalities may be present, none 
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of which appears to be specific for transfornation (84). Moot cells in 

a line are non-productively infected but MDV can be rescued from rrost 

lines by inoculating them into chicks or onto cultured cells (74,75,85). 

A small proportion of cells spontaneously express viral antigens and 

irrmature virions, and this can be increased by treatment with 5-iodo-2-

deoxyuridine (IUdR) and 5-brorrodeoxyuridine (BUdR). The RPL-l lympho

blastoid line, derived from the transplantable JMV lymphoma, is a true 

non-producer line from which MDV cannot be rescued (86) , as were 

apparently a number of lines produced by Payne et al. (75). The 

lymphoblastoid cells contain multiple copies of the MDV genome; the 

state of the genome in cell lines is discussed in Chapter 5. 

Recently lymphoblastoid cell lines have also been developed from 

turrours from MDV-infected turkeys. In the studies of Nazerian et al. 

(87) the cell lines, unexpectedly, had the properties of B-1 ymphocytes; 

cell lines similarly produced by PONell et al. (88), however, \\ere 

T-cells, as in the chicken. The basis for this discrepancy is not yet 

understood. 

The developrent of cell lines from MD lymphomas was important con

ceptually in showing the presence in lymphomas of neoplastically trans

formed T-cells. Subsequently these lines have been used to characterize 

further the transformed cell and to study the nature of the virus-cell 

interaction (see Chapter 5). The cell lines have also been of value as 

target cells in in vitro assays for the detection of cytotoxic lympho

cytes, macrophages and natural killer cells (see Chapter 7). 

5. TRANSPLANTABLE LYMPHOMAS 

Several transplantable lymphomas have been derived from MD\1-induced 

lymphomas by rapid serial passage in chicks. The first transplantable 

turrour developed, designated JMV, produces an acute lethal lympho

blastoid leukaemia which was originally thought to be caused by the 

presence of virulent MD\1, but was later shown to result from a trans

plant (89). Some subs trains of JMV did apparently carry MD\1, but others 

had no rescuable virus, although part of the viral genome was present 

and the cells expressed MATSA. Subsequently, several other trans

plantable lymphomas have been developed (90). They grow rrore slowly 

than JMV in chicks, produce local turrours, are nornally dependent en the 
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histocompatibility of the host for progressive growth, and release MDV. 

These various transplantable lymphomas have been used principally to 

study IlEChanisms of vaccinal imnunity (see Chapter 8) and the effect of 

the genetic constitution of the host on tumour growth (see Chapter 11). 

6. FACI'ORS AFFECTING PATHOGENESIS 

6.1. Virus strain and dose 

Isolates (strains) of MDV nay be classified into five groups (see 

Chapter 4) according to their oncogenicity 1) very highly oncogenic 

(variant) strains, which are oncogenic in HVT-vaccinated birds and 

genetically resistant strains, and which have a rrarked ability to cause 

acute lethal cytolytic infections in MD-susceptible chicks, 2) highly 

oncogenic (acute) strains, which cause a high incidence of visceral and 

neural lymphorratosis in susceptible chicks, 3) rooderately (classic) to 

mildly oncogenic strains, causing rrainly neural MD, often at laN 

incidence, 4) minirrally oncogenic strains, causing mininal lesions often 

only in very susceptible chickens, and 5) non-oncogenic strains. As 

discussed in Chapter 4, the four oncogenic pathotypes fall into serotype 

1 and non-oncogenic MDV into serotype 2. HVT falls into serotype 3. 

The virus properties responsible for differences in oncogenicity are 

not fully understocrl. Strains of low oncogenicity graN to lower levels 

in chickens (49), and cause less damage to the lymphoid system than do 

highly oncogenic strains (91), suggesting that virus-induced imnuno

suppression nay determine oncogenicity. Furthermore, same strains (e.g. 

Cu-l and Cu-2) of MDV of laN oncogenicity induce lymphorras in imnuno

suppressed hosts (92), and the very highly oncogenic strains (e.g. r-tl/5 

and r-tl/ll) cause rrarked atrophy of lymphoid organs (18). Other strains 

of low oncogenicity (e. g . SB-l and HVT) are not oncogenic in imnuno

suppressed hosts, suggesting that they lack transforming ability. The 

lack of damage to the lymphoid organs by non-pathogenic viruses such as 

SB-l and HVT is related to the absence of, or the very limited, viral 

replication in these sites (91,93). HVT can induce mild foci of 1yrn

phoblastoid cells in the nerves of turkeys and chickens, but not gross 

lesions, and ~TSA-bearing lymphoid cells are induced in chickens by HVT 

(91,93). Whether these changes are indicative of a limited neoplastic 

transforrration is still debatable: induction of 1ymphob1astoid cell 
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lines by HVT alone has not been reported. 

The effect of dose of MDV on disease incidence appears to depend on 

host factors. Low doses of MDV retard the time course but not the final 

incidence in susceptible chickens, whereas in rrore resistant chickens 

time course and final incidence rray be depressed with low virus doses 

(94) . 

6.2. Host genotype, age and sex 

Differences in genetic susceptibility to MD depend on lymphoid 

responses. 'IW:> types of genetic resistance have been recognized: 1) 

that exemplified by line 6 chickens and controlled by genes at the Ly-4 

locus responsible for an antigen present on lymphocytes, and 2) a second 

type exemplified by N-line chickens and associated with the B-21 allele 

at the rrajor histocompatibility complex of genes (Ea-B locus) (see 

Chapter 11). 

The resistance of line 6 is present at hatching and is believed to 

depend essentially on lowered susceptibility of T-lymphocytes for trans

forrration (95,96) and, compared with the susceptible line 7, is charac

ter ized by lower viraemia, lower ti tres of virus in the lymphoid organs, 

a milder early degenerative change in these organs, and a low incidence 

of lymphorras and nerve lesions. Virus-neutralizing antibody levels and 

anti -tUllDur-cell cell-mediated imnuni ty are higher, probably as a 

consequence of the milder irrmunosuppression (97). In contrast, the 

resistance of N-line is believed to be mediated prirrarily by the 

irrmunological responses to the infection (98). It develops during the 

first few weeks of life, and is thought to be similar to age-resistance 

by Calnek (99) because N-line chicks, if free of rraternal antibody, are 

susceptible to MD if infected at 1 day of age, but develop resistance 

over a period of several weeks. Irrespective of age, the initial semi

productive infection of lymphoid tissues occurs in line N chickens, but 

they fail to develop lymphorras. Ccmpared with p-line, N-line has, late 

in the infection, lowered levels of viraemia, higher virus-neutralizing 

antibodies, and a decrease in MATSA-bearing (possibly transformed) 

cells. These characteristics suggest that the B-21-associated 

resistance of the N-line is mediated by a superior ability to reject 

transformed lymphoid cells. 

Sharrra et al (100) concluded from studies on 12-week-old line 15 x 7 
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chickens that their resistance to MD was expressed by regression of 

microscopic am gross neural lesions. 

Sex influences the distribution and incidence of MD lesions, the 

ovary being particularly prone to lympl1an:i formation am females IIOre 

prone to the disease than males (3). The basis of this effect is rot 

known. 

6.3. Inmme status of host 

Apart from natural, genetically-controlled differences in inmune 

responses to MDV, discussed in the previous section, acquired inmuni ty 

can greatly influence pathogenesis. Such inmunity can be acquired 

passively fran maternal antibody transferred to the chick via the yolk 

sac, or actively as a ronsequence of natural infection by MDV of low 

pathogenicity or of infection by vaccinal strains of MDV or HVI' (see 

Chapter 7). 

Passively acquired antibody for MDV, ~ich persists for about 3 

~, has four main effects: 1) it suppresses the stage of acute 

cytolytic infection of lymphoid tissues, with decreased viral antigen 

formation am decreased bursal am thymic atrophy, 2) reduces 1 ymphOIll3. 

formation, 3) delays disease onset and ~riod to death, and 4) lo'M&s 

MD IIOrtality (9,101). 

Infection by HVI' or nononcogenic MDV (S8-1 strain) is followed 

within 1 week by localization, but limited replication, of virus in the 

bursa, thymus and spleen, unaccompanied by the acute cytolytic changes 

which occur with virulent virus. MATSA-bearing cells appear in these 

organs at about the sarre time and may persist for many ~ (91). HVI'

vaccinated chicks develop a persistent cell-associated viraemia and 

mild, transient lymphoproliferati ve lesions in the nerves and gonads, 

possibly the result of a limited transformational event (16). Following 

challenge of vaccinated birds with virUlent MDV, the early cytolytic 

infection of lymphoid tissue, imnunosuppression, MDV viraemia and 

lymphoproliferative responses seen in unvaccinated birds, are suppressed 

(16) • 

6.4. stress 

Chickens selected for high plasma rorticosterone levels in response 

to social stress 'M&e IIOre susceptible to MD than 'M&e birds selected 

for low levels (102), and feeding of dichlorodiphenyl-dichloroethane 
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(DOD) or rretyrapone, which block the production of oorticosterone by the 

adrenals, lowered the incidence of MD (103,104). The higher suscepti

bility to MD of the high responder line was associated with lowered 

immunological responsiveness. These findings suggest that high corticos

terone levels occurring as a response to stress cause immunodepression 

and consequently increased susceptiblity to MD, and lend credence to the 

anecdotal association between certain stresses that occur in oorrmercial 

poultry practice and outbreaks of the disease. 
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4 • CHARACTERISTICS OF 'IRE VIRUS 

K.A. SCHAT 

1. INTRODUCTION 

The isolation of a herpesvirus from Marek's disease (MD) tUllDur 

cells and the subsequent reproduction of the disease with tissue culture 

propagated virus during the late 1960 's clearly established the aetio

logy of MD. The isolation of MD herpesvirus (MDV) also ended the 

dispute on the aetiological relationship between MD and avian lymphoid 

leukosis, which is caused by a retrovirus. The key to the successful 

isolation of MDV was the use of intact tUllDur cells or blood lymphocytes 

as inoculum onto chick kidney cell (CKC) cultures (1) or duck embryo 

fibroblasts (DEF) (2,3), respectively. Shortly after the first isola

tions of MDV were reported, a herpesvirus was isolated from healthy 

turkeys (herpesvirus of turkeys, HVT), which was antigenically related 

to MDV (4,5). The existence of a third, related group of viruses was 

demonstrated by Biggs and Milne (6), when they reported the isolation of 

nonpathogenic MDV strains fran healthy chickens. These viruses could be 

differentiated in cell culture from the oncogenic viruses by a slightly 

different plague morphology. It is now generally accepted that MDV and 

HVT isolates can be divided into three serotypes, which will be dis

cussed in Section 2. A vast amount of information on these viruses has 

been generated over the last 15 years. In this chapter, the following 

characteristics of MDV will be reviewed: virus strains; the morpholo

gical, physical and chemical characterization of the virus; cultivation 

and replication of the virus; and the antigens expressed during the 

infection. Where appropriate, the characteristics of different sero

types will be compared. 

L. N. Payne (ed.), Marek's Disease. Copyright © 1985. Martinus Nijhoff Publishing, 
Boston. All rights reserved. 
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2. VIRUS STRAINS 

MIN and !NT are widespread geographically and virus isolations have 

been reported from numerous countries. A. comprehensive list of isolates 

has been compiled by Purchase (7). Since the first isolation of MIN, it 

has been derronstrated that all strains isolated from chickens can be 

divided into two rrajor, serologically related but distinct groups. All 

oncogenic viruses form serotype 1, while the nononcogenic viruses belong 

to serotype 2. !NT isolates are classified as serotype 3 (Table 1). 

This classification was first proposed by von BulaN and Biggs (8,9) and 

subsequently confirrred by Schat and Calnek (10) using agar gel precipi

tin (AGP) and indirect fluorescent antibody (IFA.) assays. The existence 

of three serotypes was further derronstrated by virus-neutralization (VN) 

tests (11), comparison of the t\\D-dimensional (20) gel patterns of 

virus-specific polypeptides (12) and recently by the use of rmnoclonal 

antibodies specific for the three serological groups (13). In addition, 

Ross (see Chapter 5) derronstrated differences in viral DNA obtained from 

viruses from the three serogroups by restriction enzyme analysis. 

TABLE 1. Related herpesviruses from chickens and turkeys 

Virus 

type Serotype Oncogenicityl 

MDV 1 

HVT 

2 

3 

+++ 

++ 

+ 

+ 

Representative 

isolates 

Md/5,Ala-8,RB-lB,Md/11 

GA,HPRS-16,JM 

HPRS-17,Conn-A 

Cu-2,CVI 988 

HPRS-24,SB-l,HN-l 

Fe 126,WTHV-l,HPRS-26 

Reference 

(14,15,16) 

(17 ,18,19) 

(18,20) 

(21,22) 

(6,10) 

(4,5,6) 

1+++ very high, causes MD in vaccinated, genetically susceptible and 

non-vaccinated, genetically resistant strains of chickens. 

++ = high, causes high incidence of MD in susceptible strains and none 

or low incidence in resistant strains of chickens. 

+ = causes rroderate to IaN incidence of MD in genetically susceptible 

chickens. 

+ = causes minimal lesions, often only in very susceptible strains of 

chickens. 
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A large diversity exists within serogroup 1 in regard to oncogenic 

potential. Same of the rrore recently isolated strains such as MD-5, 

Ala-8, and RB-IB were obtained from flocks of HVI'-vaccinated chickens 

experiencing MD breaks. These viruses can cause a high incidence of MD 

in genetically resistant, nonvaccinated birds or genetically 

susceptible, HVI'-vaccinatEd birds (14-16). Other virus strains like GA 

(17), HPRS-16 (18) and JM (19 ) can cause a high incidence of MD in 

genetically susceptible but not in resistant birds. Even less virulent 

viruses can induce turrours in only a minority of susceptible chickens; 

examples are HPRS-17 ( 18) and Conn-A ( 20) • The least oncogenic of 

serotype-l viruses are strains like Cu-2 (21) which may cause turrours 

only rarely or CVI 988 (22), which may cause only nerve lesions in 

highly susceptible breeds of chickens (23). Same of the viruses of each 

of these pathotypes have been listed in Table 1. It is of considerable 

interest to note that, so far, these pathotypes have not been distin

guished by conventional or rronoclonal antibodies. Van Zaane et al. 

(12) corrparEd the virus-induced polypeptides of the GA-5, K, Cu-2 and 

CVI 988 strains by 2D gel analysis and they were unable to find differ

ences with the possible exception of GA-5, for which the presence of 

glycoprotein (gp 4) could not be derronstratEd. Yet, their technique was 

sensitive enough to allow them to differentiate the HVI' isolates into 

two subgroups. The absence of detectable differences in polypeptides 

arrong MIJIl' s with varying degrees of oncogenic potential is important in 

relation to the question of the mechanism of transformation. Several 

explanations can be offered, some of which relate to features of MD 

unrelated to the virus itself. Of concern here are those which might be 

virus-related. It could be that oncogenic viruses have a prorroter 

sequence to induce the transcription of cellular onc genes and that 

these are more efficient with the more oncogenic strains than with less 

oncogenic strains. Or, they could possess rrore, or rrore efficient, 

viral onc genes directly involved in transformation. The presence of 

prorroter sequences, al though not generally accepted, has been derron

strated for at least one other oncogenic herpesvirus, Epstein-Barr virus 

( EBV ) ( 24 ) . On the other hand, it could be that the rrore oncogenic 

viruses are so because they are more inmunosuppressive than the less 

oncogenic strains. This possibility is supported by the observation 
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that inoculation of the low oncogenicity Cu-2 strain in neonatally 

thyrrectomizErl chicks or after in ovo inoculation will indeErl result in 

an increasErl incidence of MD (25). Further support for this hypothesis 

was providErl by Witter et al (26) with the finding that the highly onco

genic or very virulent strains cause rrore severe irrmunodepression thar1 

the less oncogenic viruses. 

Serotype 2 viruses, which can be frequently isolatErl (28), seem to 

be nonpathogenic or nononcogenic 

oncogenic might be rrore precise 

in nature (10, 27) . The term non-

than nonpathogenic, because under 

certain conditions, such as in ovo inoculation at the 8th day of 

incubation, serotype 2 strain 58-1 can cause a lytic infection of the 

lymphoid tissue resulting in severe ilTlllunosuppression and subsequently 

B-type (29) lesions in the nerves. Turrours, however, have never been 

observErl even in irrmunosuppressErl chickens ( 20,27, J. Pol, personal 

corrmunication) . 

Repeated passage in cell culture of serotype-l viruses will lead to 

attenuation resulting in loss of oncogenicity (30,31). One possible 

explanation is that infectivity and replication patterns are altered. 

This will be discussErl later (see Section 4.2). Alternatively, it 

might be that the changes observed in restriction enzyrre patterns of 

viral DNA coincident with attenuation are relatErl to the intrinsic 

capaci ty of the virus to transform (32). In addition to the loss of 

oncogenicity, attenuatErl viruses norrrally do not spread horizontally in 

chickens and they often lose the capability to produce A. antigen (see 

Section 6) (30). The latter might not be absolute, however, since 20 

gel patterns of virus-specific polypeptides from HPRS-16/att derron

stratErl the presence of A antigen (12), while AGP tests were negative. 

Regardless, the loss of A antigen is not a prerequisite for attenuation; 

Purchase et al. ( 33) describErl A antigen-negative, pathogenic clones 

obtained from the JM strain. 

Attenuation has also been describErl for HVT, where it resulted in 

the inability to replicate in vivo (34,35). The nature of the 

attenuation for HVT is unknown. Thus far, attenuation of serotype 2 

viruses has not been reported, but this may simply reflect the fact that 

these viruses have been less extensively studied than the other two 

group3. 
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3. PHYSICAL AND CHEMICAL PROPERTIES 

3.1 Virus morphology and morphogenesis. 

Most studies on morphology have been conducted with serotype 1 and 3 

viruses. Qualitative differences were not detectEd between these tYD 

groups ( 36,37) • The structure of MDV and HVT is typical of the herpes

virus groups; the nucleocapsid measures between 95 and 100 run and has 

162 hollow-centred capsomeres (38). Electron microscopic examination of 

infectEd cells derronstratEd the presence of small particles of approxi

mately 35 run in the nucleus (37-39), which start to appear at 8 hours 

post-infection (39). The particles were positive for MDV antigen in 

irrrnunoferri tin labelling studies (40) and could not be labelled with 

3H-thymidine (41) suggesting that these might be protein in nature 

rather than rnA. Recently, Okada et al. (41) suggested that six of 

these small nuclear particles fuse into a cylindrical mass in a capsid. 

rnA consisting of strands of 2 run in diameter forms a band which spools 

repeatEdly around the cylindrical mass (43). The nucleoid measures 50 

to 60 run and has a toroidal structure which can cause a cross-shaped 

appearance (Fig. 1) (44). Occasionally, crystalline arrays are formed 

in MDV-infected cells and more frequently in the case of HVT infection 

( 36, 37) • The first nucleocapsids can be observed 10 hours after infec

tion and the first enveloped virions appear at 18 hours (39). This 

process occurs at the inner nuclear mEmbrane and enveloped particles of 

150 to 170 run can be found free in the nucleoplasm or in nuclear 

vesicles. Sorretimes, naked and enveloped virions can be detected in the 

cytoplasm and rarely in the extracellular spaces. If present these par

ticles are larger than the mature particles in the nucleus <190 to 230 

run versus 150 to 170 run) and peripheral spikes can be detected (39,41). 

Large numbers of cytoplasmic enveloped virus particles can be found in 

the feather follicle epithelium. In negative-stained preparations, 

these paricles have large envelopes measuring fran 270 to 400 run and 

often appear as irregular amorphous structures (Fig. 2) (45) • MD-

derived lymphoblastoid cell lines and tumour cells occasionally contain 

naked particles which are essentially similar to the virions observed in 

infected cell cultures. However, an additional particle of about 70 run 

can be observed in the lymphoblastoid cell lines, which is believed to 
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be an aberrant form of OOA (46). Serotype 2 viruses have not been 

stooiErl in detail for their rrorphological appearance. However, typical 

herpesvirus particles were observErl in infectErl chicken embryo fibro

blasts (CEF) (10). 

FIGURE 1. SelectErl electron micrographs of MDV. All are from thin 

sections stained with uranyl acetate and lead citrate. Cores in these 

virions are sectionErl at different angles and show the position of the 

torus within the capsid. As seen in this figure, the electron-opaque 

torus is usually central and perpendicular to the axis of a central, 

less opaque mass (a,b,c,e). It can also be seen shifted to the sides 

(g) or be oblique to the central axis (d). The usual doughnut shape of 

the core is seen in f) . The torus is less clear in enveloped virions 

(h), but the central filanentous mass is quite clear. (From Nazerian 

( 44) by kind permissicn.) 
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100nm -
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FIGURE 2. Negatively stained preparations of herpesvirus-like particles 

in lysates of chicken feather follicle epithelimn. a-c) are representa

tive of the enveloped virus particles observed. The capsids in a) and 

c) are "full", whereas that in b) has been penetrated by the stain. 

d-f) are illustrations of naked virus particles. The capsids are 

hexagonal in outline, and the capsorreres appear as tub..llar projections. 

(From Calnek et al. (45) by kind permission.) 
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3.2 Physical and chemical properties 

MIJ\1, and to a slightly lesser degree HVT, are strongly cell

associated in vitro. It was not until the discovery that infectious, 

cell-free virus could be extracted from feather follicle epithelium (45) 

that the physical characteristics of MDV could be studied. An addi

tional helpful factor was the finding by calnek et al. (47) that cell

free virus could be obtained from infected cell cultures by ultrasonic 

treatment in the presence of a stabilizer consisting of sucrose, phos

phate, alb.lrren and (but this is not essential) sodium glutarrate. The 

stabilizer also allowed the lyophilization of cell-free virus with 

little or no loss in titre. 

calnek and Adldinger (48) used crude cell-free preparations of JM 

virus to study resistance against various physical treatments. Infec

tious virus passed through a 300 run but not a 220 run Millipore rrembrane 

filter. Much of the virus was sedimented by centrifugation at 5000 x g 

for 1 hour suggesting that it was associated with cellular debris. Virus 

preparations were stable at -65OC and resistant to several freeze-thaw 

cycles, but infectivity was lost rapidly at 200C and above (from 4 days 

at 22 to 250C to 10 minutes at 60OC). Treatment at pH 3 or 11 inacti

vated the virus in 10 minutes. 

Cell-free infectious virus can be obtained from dried feathers and 

poultry dust for 8 to 12 months, although increases in relative humidity 

will decrease the virus survival time (49,50). At 4OC, dried feathers 

still had infectious virus after 10 years (B.W. Calnek, personal 

communication). The stability of virus in dust and feathers presents an 

important problem for effective disinfection especially at poultry 

farms. Attempts to use acidity (pH of 2) to lower the level of infec

ti vi ty in chicken pens failed (51). Fonnaldehyde gas fumigation des

troyed rnost, but not all, infectivity associated with dust samples and 

feathers. Iodine bound to organic carriers was effective in disinfection 

of dust and feathers, while chlorine components were only active in the 

latter case (49,52). Cell-free virus found in nature is probably mostly 

bound to cellular debris, thus allowing filters with a dust spot rating 

of over 93% to remove MDV efficiently from the air (49,53). 

The resistance of cell-free HVT to ultra-violet (UV) light has been 

investigated. It was found that HVT was relatively resistant, and that 



85 

CEF cultures unexposed to UV light could reactivate exposed and 

partially inactivated virus (54,55). Similar experiments have not been 

reported for serotype 1 and 2 MIJIT's. However, MIJIT can be isolated from 

cells from lymphoblastoid cell lines after exposure to ultra-violet 

light (K.A. Schat, unpublished data). 

4. ISOIATION AND OJLTIVATION 

4.1. Isolation. 

Cell-associated MIJIT of both serotypes and HVT can be readily isolated 

fran viable lymphocytes and, in the case of serotype 1 viruses, fran 

lymphorra cells. Kidney cells have been used for virus isolation by 

direct cultivation. Although Calnek and Hi tchner ( 56) described the 

presence of viral antigens in these and other epithelial tissues, it is 

not clear that lymphocytes were excluded fran these inocula and these 

could contribute to the infectivity of a cell suspension. Serotype 1 

MDV is coom:mly isolated by inoculation of DEF and CKC cultures, while 

CEF are preferred for the isolation of serotype 2 MIJIT and HVT. 

In addition, cell-free rraterial obtained fran the feather follicle 

epi theli um of chickens and turkeys infected wi th MIJIT and HVT, respec

tively, can be used for virus isolaticn. The use of 10 mM EDTA will 

increase the efficacy of the isolation of cell-free MIJIT, but will not 

influence the isolation of HVT ( 57) or SB-l (serotype 2 MIJIT) 

(K.A. Schat, unpublished). The EDTA apparently aids the penetration of 

the virus into the cell, possibly by chelating the Mg++ ions (57). The 

methods for virus isolation will be discussed in detail in Chapter 6. 

4.2. Cell culture propagation. 

MIJIT and HVT can be propagated in a wide variety of avian cell cultures 

after the initial isolaticn. Purchase et a1. (58) were able to prop3.

gate MIJIT and HVT in prirrary fibroblast cultures obtained from turkey, 

goose, pigecn, pheasant, bobwhite and Japanese quail embryos, although 

the degree of replication and the type of cytopathic effect (CPE) 

varied. In additicn, it was found that prirrary cultures of thyroid 

gland cells were susceptible and could also be used for prirrary 

isolation ( 59 ) . MDV, and to a lesser degree HVT, are str ictl y cell

associated in vitro, consequently little or no infectious cell-free 

viruS is released in the medium (5,59-61). In an attempt to mimic, in 
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vitro, the in vivo production of cell-free virus, Prasad and Spradbrow 

(62) infected chicken embryo skin epithelial cell cultures. Both HIlI' 

and MDV replicated well in these cultures, but cell-free virus was not 

released into the supernatant fluid. The cultures consisted mainly of 

keratinocytes, but keratinization did not occur. It w:>uld be of 

interest to repeat these experirrents while inducing keratinization with 

hydrocortisone (63). 

Recently, another avian cell culture system has been used for the 

propagation of MDV. Calnek et al. (64,65) described the propagation of 

MDV in spleen cell suspension cultures. Infection was established by 

exposure of freshly prepared spleen lymphocytes to cell-free virus, 

infected CKC cultures or lymphocytes obtained from infected birds. At 

48-hour intervals passages were made by the addition of fresh spleen 

cells. Viral antigen expression, virus isolation and hybridization 

techniques were used to monitor the level of infection. It was found 

that most of the cells with active virus infection were bursa-derived 

lymphocytes, similar to the observations made by Shek et al. (66) that 

B-cells are a frequent target for cytolytic infection of lymphoid organs 

in vivo. It was subsequently found that T-cells also become infected in 

vitro, but less frequently than B-cells (65). So far, latent or trans

forming infections in vitro have not been described. A report that 

lymphocytes were transforrred in vitro by MDV (67, 71), has not been 

confirrred and was possibly an error because the transformed cells were 

found to be positive for reticuloendotheliosis virus, and free of 

rescuable MDV and MDV antigens (B.W. Calnek, personal corrmunication). 

In contrast to lymphocytes, macrophages 

infection with MDV and HIlI' (68). 

were resistant to in vitro 

Chicken embryo kidney (CEK) cells had very limited susceptibility to 

infection with serotype 1 MDV (B. W. Calnek unpublished, quoted in 69) 

and serotype 2 SB-l strain (K.A. Schat, unpublished). Attenuated MDV can 

replicate in CEK, albeit to much lower titres than in CKC (K.A. Schat, 

unpublished). On the other hand, HIlI' replicates equally well in CKC and 

CEK (69). The reasons for these and other differences in susceptibility 

of avian cells to infection of the three serotypes are unknown. It 

could well be that sorre differences among CEK, CKC, CEF and other avian 

cells related to cellular DNA replication pathways play a role in deter-
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rrdning susceptibility to virus infection. Ware et al. (55) demonstrated 

that HVT requires intact host cell DNA for its replicatioo in CEF. It 

is hard to relate the differences to putative herpesvirus receptors when 

cell-associated virus inocula are used, unless viral rranbrane antigens 

(see Section 5.4) are also recognized by such receptors and attract 

virus-containing cytoplasmic fragments (see below). 

Several atterrpts have been rrade to infect rrarrmalian cells. Both 

prirrary cultures and established cell lines were inoculated with cell

associated and cell-free MlJIJ and HVT. Most investigators ( 59 , 70-72) 

were unable to detect evidence of virus replicatioo. In general, six to 

ten blind passages were rrade and the cultures were examined for direct 

evidence of infection such as CPE developrrent or presence of viral 

antigens (FA assays) and indirect evidence by bird inoculation. Hlozanek 

and Sovova (73) found mamnalian cells refractory to infectioo with MDV 

and HVT even after inducing artificial cell hybridization with inactiva

ted Sendai virus. However, evidence that chicken-mamnalian cell hybrids 

were induced was not presented. Earlier, Hlozanek (74) had used this 

technique to increase the levels of MDV infection in CKC cultures. In 

contrast to these negative findings are the reports by Bedigian and 

Sevoian (75-7S) and Elliott et al (79) that HVT and MDI1 can replicate in 

prirrary hamster and guinea pig kidney cell cultures and in hamster uro

geni tal cells. However, Witter and Sharrra (SO) demonstrated that the 

presence of replicating virus after inOCUlation with cell-associated 

virus could be caused by surviving avian cells and they were unable to 

infect prirrary hamster and kidney cells with cell-free HVT and MlJIJ using 

the sane virus strains reported to initiate infection by others (75-

79) . These contradictory results reported for cell-free virus are hard 

to reconcile, but contamination with other herpesviruses or srrall diff

erences in the virus strains were offered as possible explanations (SO). 

The absence of viral replication in newborn hamsters (60,73), 

inmunosuppressed rhesus IlDnkeys (22) and IIarIlDset IlDnkeys (Sl) are in 

support of the rrajority of the data that show mamnalian cells to be 

refractory to infection with MlJIJ and HVT. 

4.3. In vitro replication. 

Discrete foci will develop between 2 and 7 days post-infection 

depending on the virus strain, the mnnber of passages in vitro and the 
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type of cell culture. In general, the foci consist of refractile 

rounded or fusifonn cells. Syncytia are often fonned and Cowdry type A 

intranuclear inclusion bcdies can be seen. The three serotypes can be 

differentiated in CKC and CEF. Serotype 1 viruses cause only very small 

plaques in CEF and these cells are much less susceptible to infection 

than CKC. The reverse is true for serotype 2 viruses, since they fonn 

small plaques in CKC compared to CEF and the latter are the preferred 

cells for virus isolation and replication (6,10,82,83>. HV1' replicates 

well in both CEF and CKC and causes relatively large plaques in both 

cell types. Oncogenic viruses can be adapted to CEF by cocultivation of 

infected CKC or DEF with CEF. Virus attenuation will occur after a 

variable number of passages (usually 30 to 40 or more) in CKC or CEF, 

but apparently does not occur in lymphocytes. Ross et al. (84) rescued 

virus from high passage levels of the MD tumour cell line MDCC-HPI and 

found it to be oncogenic and to produce A antigen. Schat et al. (sub

mitted for publication) found the SanE for virus passaged in cultured 

spleen lymphocytes. The ability of attenuated virus to replicate in 

lymphocytes in vitro and in vivo was found to be absent or diminished. 

Examples of CPE induced by various viruses are shown in Fig. 3. The 

genetic source of the chickens from which the CEF or CKC cultures are 

derived is not an influencing factor in the replication of serotype 1 

MDV (85), serotype 2 MDV (K.A. Schat and R.E. pitts, unpublished data), 

or HVT (69). 

In addition to differences in plaque rrorphology, Cho (86) reported 

that HVT could be differentiated from either serotype 1 or 2 MDV by the 

ability of only the former to replicate in QI'35 cells, a chemically 

transfonned quail fibroblast cell line. 

Other changes can be noted in inoculated cultures; infection by HVT, 

as of many other viruses, results in an increased glucose uptake and 

production of lactic acid causing a change in pH (55). The induction of 

interferon has been reported after infection of CEF and CKC cultures 

wi th oncogenic MIJIl' s, HVT and some apathogenic MDV' s (87-89). The 

latter were not characterized for serotype. Infection of cultures with 

one serotype can interfere with the replication of virus of another 

serotype (89,90). 



89 

FIGURE 3. Cytopathic effects of MDIl serotype 1 (JM-16 and attenuated 

JM-16) and 2 (SB-l) and HVT in chicken Embryo fibroblasts (CEF) and 

chick kidney cells (CKe). a) A rredium plaque of SB-l in CEF, 4 days 

post-infection (dpi). b) A srrall plaque of SB-l in CKe, 6 dpi. c) 

Snell plaque of JM-16 in CEF, 7 dpi. d) MErlium plaque of JM-16 in CKe, 

7 dpi. e) Large plaque of attenuatErl JM-16 in CEF, 3 dpi. f) Large 

plaque of HVT in CEF 3 dpi. All P'lotographs ~re Il\3.de with P'lase

contrast. 
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Fabricant et al. (91) used chicken arterial srrooth muscle cell 

cultures to stooy the effect of infection with cell-free MDV and HVl' on 

the lipid metabolism of srrooth muscle cells. Infection with MDV caused 

a marked increase in the number of cells positive for lipid using the 

oil red 0 staining technique. Chemical analysis of the lipids in 

MDV-infected cells indicated that these differed qualitatively and 

quantitatively from the lipids present in control or HVT-infected srrooth 

muscle cells. It is not clear if the alterations are the result of an 

abortive infection, or that virus is replicated. 

One of the remarkable features of MDV and HVT is their highly 

cell-associated character. With the exception of the feather follicle 

epithelium, virus replication in vivo and in vitro is cell-associated. 

Infectivity of turrour cells, infected lymphocytes or cell cultures can 

be readily destroyed by disruption of the cells by freezing and thawing, 

suspension in water or ultrasonic disintegration (59,60). On the other 

hand, Cook and Sears (92) obtaine:l cell-free MDV by the disruption of 

cells in distilled water and Witter et al. (5) extracted cell-free HVT 

by ultrasonic treatment. Davis and Sharma (93) found evidence that MDV 

did not accumulate in cytoplasmic vacuoles, and MD virions in the 

cytoplasm underwent degradation. Cell-free, but always naked, particles 

..ere only seen when the infected cells had undergone cytoplasmic degen

eration. They speculate:l that the destruction of virions was caused by 

excessive lysosomal activity in the cytoplasm of infected cells. The 

degenerative processes, however, do not prevent the transfer of virus 

from cell to cell. It was speCUlated that virus spread from infected 

cells to neighbouring cells oc=re:l by intracellular bridge formation, 

because addition of antisera to the rredium did not prevent virus spread 

to adjacent cells and secondary foci did not develop until infecte:l 

cells became detached (60). Additional support came form the obser

vation that treatment of CKC with inactivate:l Sendai virus increase:l the 

level of infecti vi ty (74). In an elegant exper irrent using tirrelapse 

photography and labelled antibodies, Kaleta (89) derronstrate:l that 

virus-containing cytoplasmic fragments became detached from infected 

cells and were taken up by uninfecte:l cells. The addition of cyto

chalasin B to the cell culture rredium, which inhibits cell mobility, was 

found to prevent the formation of plaques (94). 
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The transfer of cell-associated virus from infected to uninfected 

cells is very rapid, being rrore than 50% canplete within 30 minutes. 

The adsorption of cell-free virus is also a fast process, rrost of the 

virus being adsorbed in 30 minutes, and the process is normally can

pleted after 2 hours (57). Penetration of cell-free HVT requires up to 

3 hours (69). It had been noted when MIJ\1 and HVT were first isolated 

that virus replication could be inhibited by the addition of 5-iodo-2-

deoxyuridine and 5-brorro-2-deoxyuridine (IUdR and BUdR, respectively) 

(1,5). Since then, rrany antiviral drugs have been developed and serre 

have been testerl against MIJ\1 and HVT in vitro and in vivo. The impor

tance of these studies is that the drugs can be used to investigate the 

viral replicatioo. Phosphonoacetate (PA) and phosphonoformate inhibiterl 

virus replication in CEF and DEF, but not in chickens. The effect of 

these drugs is rrost likely by the inhibitioo of virus-inducerl polymerase 

(95,96). Interestingly, PA had no influence 00 the growth of MSB-l, a 

MD lymphoblastoid cell line. However, a decrease was found in the 

number of viral genone copies during cultivation in the presence of PA. 

Withdrawal of PA from the rredium resulterl in an increase of genone 

copies (97). A similar dichotomy was recently found with the newly 

synthesizerl drug ~U, (1-(2-fluoro-2-deoxy-~-~arabinofuranosyl)-5-

rrethyluracil>, which was highly effective in preventing the replication 

of MIJ\1 and HVT in CKC, CEF, and lymphocytes, but did not seem to influ

ence the presence of MIJ\1 in two cell lines (MOCC~12 and~36) (98). 

In additioo to these drugs which are specific against herpesviruses, one 

other antiviral drug (Virazole = l-D-ribofuranosyl-l,2,4 triazole-3-

carboxamide) has shown to be effective in vitro but not in vivo against 

MIJ\1 (99). 

4.4. Embryonated eggs. 

Although largely superserled by the use of cell culture, embryonated 

eggs have been userl for the isolatioo and propagatioo of MIJ\1 and HVT. 

Inoculation of the chorioallantoic rrembrane, yolk sac, allantoic cavity 

or by the intravenous route (100-103) will result in the formation of 

plaques 00 the chorioallantoic rrembrane and splenonegaly. The value of 

embryonated eggs for the isolatioo of virus is limiterl due to a graft

versus-host response, which can be inducerl by imnunocompetent cells 

present in sone inocula. Isolation of an agent therefore has to be 
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followed by a positive identification, e.g. FA test (104). Maternal 

antibody-free anbryos have to be used to obtain optimal results (l00, 

101). The sensitivity of these assays is roughly comparable to that of 

cell culture assays, although cell culture attenuated virus does not 

replicate well in anbryonated eggs (103). 

Longenecker et al. (102) reported that anbryos from genetically 

susceptible chickens were producing significantly more lesions than 

those obtained from resistant chickens (P-line versus N-line, line 7 

versus line 6 and S strain versus K strain). This finding is of 

interest because differences are not detectable in CKe cultures from 

different genetic backgrounds (85). In addition, the early pathogenesis 

in birds is not different for genetically susceptible P-line and resis

tant N-line birds (105). 

5. VIRUS REPLICATION 

5.1. Introduction. 

T\\O types of virus-cell interaction are important for an under

standing of the replication cycle of MDV and. HVT. These are similar to 

interactions described for other oncogenic herpesviruses (106). The 

first one is the productive infection in which virus replication occurs 

and invariably causes the death of the cell. This type of infection can 

be further divided into fully productive and productive-restrictive 

infections. The former is characterized by the production of enveloped, 

fully infectious cell-free virus, while the latter type does not result 

in the release of cell-free virus and intracellular virions are mostly 

nonenveloped. The second type of interaction is the nonproductive 

infection, in which there is only limited or no expression of the virus 

genollE. Limited expression characterizes transforme:i T-cells while the 

absence of recognizable expression is considered typical for latent 

infection. 

5.2. Productive infection. 

Fully productive infection with the subsequent release of cell-free 

virus occurs for all three serotypes in the feather follicle epithelium 

(10,45,107) . A possible exception was reported for the Dutch vaccine 

strain CVI 988, where virus replication could not be derronstrated in the 

feather follicle even though the virus is capable of bird to bird 
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spread. An alternate site for fully productive replication was not 

identified (l08) , so the difference may be quantitative rather than 

qualitative. In vivo, productive-restrictive infections can be found in 

lymphoid organs, epithelial cells and occasionally in tumours (109,110). 

Thus far, all reports on in vitro replication described the productive

restrictive type of infection. This type of infection is rrost likely 

similar in vivo and in vitro. Payne et al. (111) reviewed in detail 

the Il'Orphological changes in infected cells (see also Section 3. 1 for 

the rrorphogenesis of the virus). At least three factors have been 

identified which play an important role in the actual replication of the 

virus, two of ...nich are virus-induced. Productive and productive-

restrictive virus replication is dependent on the presence of a viral

induced polymerase (112), while the replication of the resident viral 

DNA in tumour cells can use cellular polymerase (97). Apparently the 

same is true for the thymidine kinase. It was recently found that FMAU 

is a potent inhibitor of MDV and HVT replication, but it did not inhibit 

the multiplication of MDV cell lines (98). FMAU inhibits viral replica

tion by the virus-induced thymidine kinase pathway (113). Another 

crucial factor for the replication of virus is the presence of arginine. 

In arginine-deprived cultures the viral DNA will not replicate, but some 

early antigens are produced (114) (see also Section 6.1). 

5.3 Latent infection. 

Thus far, the in vitro establishment of latent infection or trans

formation has not been reported. Consequently, the mechan ism ( s) of 

inducing and maintaining latency have not been studied in detail. It 

has been well established that both serotypes of MDV and HVT can persist 

in latent form in lymphocytes for the lifetime of the bird. Viral anti

gens or virions cannot be detected in the latently infected lymphocytes. 

The presence of MDV viral genome can be derronstrated, however, by cocul

tivation and by short-term culturing of the lymphocytes, which will 

cause the production of virions (115) and viral antigens (116). The 

induction of viral antigens was used to identify the populations of 

latently infected lymphocytes. Dual fluorescence techniques were applied 

for the detection of lymphocyte surface markers with Il'Onoclonal anti

bodies and rhodamine-labelled conjugate, and MDV antigens with a 

fluorescein-labelled anti-MDV serum. The majority of the latently 
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infected cells were characterized as la-bearing T-lymphocytes and a 

minority were identified as B-cells (66,117). 

The identity of lymphocytes latently infected with either HVT or 

SB-l has not been firmly established. Shek et al. (118) were only able 

to identify the cells as non-B-cell and non-ffi3.crophage. The problem, 

especially with HVT, but also with SB-l (116), is the absence or low 

frequency of the in vitro developrrent of a cytolytic infection during 

incubation of latently infected lymphocytes, identifiable with the FA 

test. Positive identification with a dual FA test is therefore 

impossible. 

One of the important questions in the biology of herpesvirus is how 

latency is induced and maintained. Latency was originally defined as 

the presence of the virus genome without detectable expression in the 

form of virions or viral antigens. Lately, it has been questioned if 

this is indeed the case. In a recent review (119) on EBV it was rren

tioned that at least two antigens are expressed in latently infected, 

but not transformed, lymphocytes. One is LYDMA, a lymphocyte dependent 

membrane antigen detectable with sensitized T-lymphocytes, and the other 

is EBNA (EB-nuclear antigen). There is also evidence of extensive 

transcription of viral DNA. It can be argued that it might be difficult 

to distinguish between these latently EBV-infected lymphocytes and truly 

transformed lymphocytes. However, there is also evidence with other 

herpesviruses (e.g. herpes simplex virus) that transcription of viral 

DNA occurs during latency (120). The possibility of genome expression 

in lymphocytes latently infected with MIJi1 or HVT has not been investi

gated in great detail. It was recently found that a MD cell line MDOC-

001 (T), contained RNA that could be hybridized to DNA from both HVT and 

MDV (121). This cell line was established fran spleen cells obtained 

from an HVT-vaccinated chicken. However, it has not been established if 

MDV or HVT or perhaps both are responsible for the maintenance of the 

transformation (122). Until that question has been resolved it will be 

difficult to evaluate this rrodel for the study of genome expression 

during latency. Another finding that might be relevant for the study of 

latency has been the observation that lymphocytes expressing MATSA 

appear as early as 5 days post-infection in birds infected with either 

serotype of MDV or HVI' (123,124). Moreover, MATSA-bearing cells can be 
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detected over long r;eriods in HVT-infected chickens (125). Ml\TSA had 

been originally described as a Marek's disease tumour-associated surface 

antigen present on lymphoblastoid cell lines and tumour cells (126,127). 

The induction of Ml\TSA by non-oncogenic strains of virus is therefore of 

considerable interest and the question was asked if Ml\TSA could be part 

of a limited genorre expression needed to induce and maintain latency or 

transformation. However, Calnek et al. and Sharma (116,128) were 

unable to identify Ml\TSA on latently infected cells and the role of 

Ml\TSA during infection needs further study. 

5.4. Transformation. 

The developrrent of neoplastic cells is the ultimate consequence of 

infection with serotyr;e 1 MDV. The target cells for transformation are 

T-cells, even though transforrred cells lack the rrajor T-cell antigen 

(84) . More recently, using rronoclonal and allo- antibodies, tumour 

cells have been shown to be activated T-cells, expressing Ia antigen 

(129), Studies with rronoclonal antibodies will be very useful to further 

characterize the tumour cells. It has already been found that a thyrro

cyte antigen is lacking but an antigen present on circulating T-cells 

can be found (K.A. Schat, A.A. Benedict and C-lR. Chen, unpublished 

data). 

The establishment of cell lines was once a difficult procedure, but 

recently several groups have been successful and numerous new cell lines 

have been reported (see Chapter 3). Most cell lines carry the canplete 

genomic information and virus production can be turned on either in 

vi tro or in vivo. A number of cell lines are called nonproducers (e. g . 

'I'KT-l, 130) , but on inoculation into chickens, virus production is 

turned on and these cell lines are therefore not truly nonproducers. An 

interesting exception are the cell lines established from the JMV trans

plantable tumour. It has been sj:eCulated that the MDV genorre is incom

plete in these cells (131,132). Other true nonproducer cell lines have 

been reported, but information on the presence of canplete or incomplete 

viral genorre is lacking (133,134). 

Transformation of the lymphocyte results in limited expression of 

the viral genorre and subtle changes in the expression of cellular genes. 

All tumour cell lines express MATSA, but the antigenic canposition of 

Ml\TSA seems to vary between cell lines (135-137). There is also an 
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enhanced expression of embryonic antigens (134,138,139) , Forssman 

antigen (140), and Hanganutziu-Deicher type heterophile antigen (141); 

the importance of these antigens is not clear. Most cell lines express 

viral rranbrane antigens (VMA) and viral internal antigens (VIA) in a 

small percentage of the cells. Quite often these antigen-positive cells 

will contain virus particles in the nucleus. VIA expression can be 

enhanced by treatrrent with IUdR and BUdR (142,143), and the ttnrour pro

IlOter 12-0-tetradecanoylphorbol-13 acetate (TPA) (144). Calnek et al. 

(143) compared 31 cell lines for differences in VIA and VMA expression. 

It was found that the cell lines established fram ttnrours induced by the 

IlOre oncogenic virus strains (GA-S, RB-IB) had, in general, a lower 

level of viral antigen expression than those established with the less 

oncogenic JM-IO virus. Perhaps, the higher levels of expression indi

cate a less stringent control of the virus genome resulting in an easier 

turn-on and subsequent death of the cell. If this explanation is correct 

it might help explain the differences in oncogenicity. In combination 

with the finding that MIJIT-OOA polymerase can be detected in MSB-l cells 

cultured for 6 days (Leinbach, quoted in 112), it could be speculated 

that the degree of oncogenic potential might be related to the degree of 

repression of the viral polymerase gene. 

5.5 Cellular interactions. 

Three possible consequences of infection have been discussed: 1) two 

types of productive infection, 2) latent infection and 3) transforna

tion. Calnek (145) mentioned that the consequences of infection could 

be determined in part by the cell type and he speculated that different 

(sub)populations of lymphocytes might be involved as targets for the 

productive-restrictive infection, the latent infection and the trans

forming infection. Recent work has shown that this hypothesis might be 

basically correct. It was mentioned before that the main target cell 

for the productive-restriction infection is the jJ -bearing B-lymphocyte 

(66), although a small percentage of T-cells can be involved (117). 

Soon after the cytOlytic phase the latent infection is already present 

mainly in la-bearing T-cells. It was then hypothesized that the 

majority of the T-cells become infected after activation. The activation 

of the T-cell could be a response to the early lytic infection of the 

B-cell. Perhaps Ia antigen, which plays an irrportant role in cell-to-
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cell cornnunication, is important for the transfer of virus. The finding 

that tunour cells are activated la-bearing T-cells would be consistent 

with the idea that either transformation occurs directly after the 

infection of the activated cell or that a latent phase precede the 

transformation. Virus replication has to be inhibited in order for 

transformation to occur, but a limited genome expression might be 

expected. It is not clear if this control of virus genome expression is 

regulated intrinsically or extrinsically. The former would be cell-type 

dependent while the cell-type would be unimportant for the latter. 

Perhaps srrall differences in cellular DNA replication between B- and 

T-cells are responsible for the absence of transformation of B-cells. 

6. VIRAL ANTIGENS 

6.1. Molecular aspects. 

In vivo and in vitro infection with MDV and HVT results in the pro

duction of structural and nonstructural antigens. Most of these antigens 

have been poorly characterized due to the cell-associated nature of the 

virus. 

Chubb and Churchill (146), using an AGP test, described the presence 

of up to six antigens in extracts of infected CKC cultures. The three 

rrost cornnon antigens were named A, B and C. A antigen can be detected 

in supernatant fluids of cell cultures in contrast to the Band C 

antigens, which are strictly associated with cellular IlI3.terial. A 

soluble antigen can be extracted fram feather follicle epithelium, which 

seems to be identical to the A antigen (149,150) . Attenuation of 

serotype 1 MDV will cause a rrarked reduction in the production of A 

antigen (see Section 2), but the presence of A antigen is not a rrarker 

for oncogenicity as originally proposed (30). 

The A antigen has been studied extensively by several groups and was 

identified as a glycoprotein (gp) <148-151) and was tentatively identi

fied as gp 5. Estirrates on the rrolecular weight (rrol. wt.) have varied 

to a large degree, but recently three independent groups have reported 

the rrol. wt. to be between 60,000 and 65,000 daltons <151-153). The 

presence of an antigen similar to the A antigen has also been described 

for HVT (5) and for serotype 2 viruses (12). Van Zaane et al. (12) 

found that gp5 was rrore alkaline for HVI' and SB-l (serotype 2 MDV) than 
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for their reference strain CVI 988. In addition, the gp5 of S8-1 had a 

lower IlOl. wt. than that of the two other serotypes. 

The 8 antigen has been less extensively studied than the A antigen. 

It is an antigen cc:moonly found in cells infected with serotype 1 MDV 

and HVI' (154,155). Although not formally proven, it is likely also to 

be present in serotype 2 viruses (9). In contrast to A antigen, it is 

produced in turrour cell lines together with the C antigen (84). The 8 

antigen is a glycoprotein that shares a number of characteristics with 

the A antigen such as its resistance to pH 2 and treatment with 1 M 

urea-o.05% 8rij 35. It differs fran A antigen in its slightly higher 

llDl. wt. and lower isoelectric point. 

Chen et al. (156) detected eight viral proteins by analysis of 

partially purified virions by polyacrylamide gel electrophoresis (PAGE). 

Later studies by Ikuta et al. (152) deIlOnstrated the presence of at 

least 46 polypeptides in productive-restrictive infection, by irrmuno

precipitation with antibodies purified by affinity chromatography 

followed by PAGE. It was suggested with this technique that the 

polypeptides of MDV and HVI' had llDre cross-reactive determinants than 

the glycoproteins (157). Van Zaane et a1. (12,151) reported 35 polypep

tides, of which 18 were identified as glycoproteins. They rrentioned 

that, in addition to gp5 (tentative A antigen), p4/p5/p6 canplex, gp3 

and gp8/gp9 complex were different for the three serotypes. For further 

details see Chapter 5. 

FA techniques (56,158,159) can be used to detect viral antigens in 

the nucleus and cytoplasm of fixed cells. This technique does not allow 

a clear differentiation of the antigens unless llDnoclonal or llDno

specific antibodies are used as reagents. Most often the antigens 

detegtro by this technique are referred to as viral internal antigens 

(VIA) . The recent development of IlOnoc1onal antibodies against MDV and 

HVI' will be important for the characterization of the different viral 

polypeptides (13,160). It has already been deIlOnstrated that a number 

of llDnoclonal antibodies detected cross-reactive antigenic determinants 

on MDV and HVI' polypeptides. These cross-reactive determinants could be 

important for a better understanding of the protective irrmunity by HVI' 

and S8-1, especially in view of the very limited allDunt of DNA harology 

between the different serotypes (see Chapter 5). 
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The use of the FA technique on live, infected CKC demonstrated the 

presence of a rrenbrane antigen, referred to as VM/I. (viral rrenbrane anti

gen) (161). It was proposed that this VM/I. was related to the A antigen, 

because virus attenuation resulted in the loss of both antigens (162). 

The production of VMA. is often seen in con junction with the production 

of viral particles and it was suggested that VMA. represents a structural 

viral protein (163,164). Mikarni et al. (165), however, described the 

presence of early and late VMA. The forrrer could be detected in 

arginine-deficient medium, suggesting that it was produced prior to DNA 

replication, while the latter required DNA replication. Later studies 

demonstrated that early and late VMA. could also be detected on HVT

infected cells (166). Antigenic differences were demonstrated beween 

HVT-induced intracellular and ~ane antigens (167). Recently, it was 

reported that A antigen and the late VM/I. of HVT and MIJIJ had at least 

cross-reactive determinants detectable with monoclonal antibodies (160). 

It can be expected that monoclonal antibodies will becorre very important 

for the further study of the relationship between VIA's and VMA.'s. 

Thus far, two virally induced enzyrres have been reported. Kit 

et al. (168) described a thymidine kinase induced by HVT, which differed 

little from the chick mitochondrial thymidine kinase except for a larger 

sedirrentation coefficient. Recently, Schat et al. (98) demonstrated an 

increase in thymidine kinase activity in CKC infected with HVT and 

JM-16, indicating the presence of a virally induced thymidine kinase. A 

DNA polyrrerase induced by MIJIJ (161) and HVT (95) has been described. 

The mol. wt. of this polyrrerase was estirrated to be 100,000 daltons and 

it can be distinguished from cellular A and B polyrrerases by its 

chromatographic behaviour on phosphocellulose, sedirrentation coefficient 

and catalytic properties (see Chapter 5). 

In addition to the antigens detectable in productively infected 

cells, an antigen has been observed on the surface of transformed cells 

(MATSA, see also Sections 5.2 and 5.3 and Chapter 5). This antigen has 

been characterized as a polypeptide with a nolo wt. of 40,000 daltons 

(170) • It is not clear if MATSA is a viral-coded protein, a rrodified 

rrajor histocompatibility (MHC) antigen or a derepressed cellular antigen 

unrelated to mc antigens. Colerran and Schierrran (171) were unable to 

demonstrate co-capping of MATSA with MHC antigens, which would suggest 
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that it is not a MiC antigen. Recently, rronoclonal antibodies have been 

developed against MATSA (172,173) which will enable further biochemical 

characterization studies. 

6.2. Biological characterization. 

Most studies on the biological characterization of viral antigens and 

MATSA have been done with crude preparations. The experiments generally 

were studies on protection by inOCUlation of inactivated virus-infected 

cells, subcellular preparations or turrour cells. Most of these studies 

will be reviewed in Chapter 7 dealing with inmunity. A few corrments 

have to be rrade in connection with the viral antigens. It has been 

suggested that the A antigen of HVT is expressed on the viral llE!llbrane 

and antibodies prepared against it will neutralize the virus (174). 

Kaaden and Dietzschold (175,176) derronstrated the presence of at least 

two viral proteins on plasrra membranes obtained from HVT or MDV-infected 

cells. It was suggested that the plasrra llE!llbrane contained B and C 

antigens. These preparations were indeed inmunogenic and could protect 

against challenge. Similarly prepared preparations from MSB-l, a turrour 

cell line, were only weakly inrounogenic. Lesnik and Ross (177) reported 

basically similar data using soluble and insoluble antigens. Sare HVT

induced glycoproteins which were partially purified were able to induce 

neutralizing and precipitating antibodies. Challenge experiments derron

strated at least partial protection ( 178) . Numerous other groups have 

used inactivated turrour or virus-infected cells and no definitive con

clusions can be drawn in regard to specific inmunogenic polypeptides. 

6.3. Cross-reactions with other herpesviruses. 

It has been mentioned above that MDV and HVT share a large number of 

antigenic determinants, but that they can be differentiated into differ

ent serotypes. The three serotypes of MDV do not cross-react with at 

least 12 other avian herpesviruses in plaque reduction tests using rrono

specific antisera. The following viruses were included: duck enteritis 

virus, infectious laryngotracheitis virus and a number of viruses 

isolated from pigeons, falcons, owls and other birds (179). The presence 

of a cross-reactive antigen in MDV and EBV has been suggested by 

indirect FA and AGP tests (180,181). There was a suggestion that the 

titres against EBV and MDV were higher in people working with chickens 

than in office workers, but this could have been caused by exposure to 
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dust and dander containing MDV antigens (182). Stevens et al. (183) 

were unable to confirm these data, however. They found a cross-reaction 

between MDV-positive sera and an antigen present in an EBV-negative, 

lymphoblastoid cell line. The presence of a group-specific antigen in 

nucleocapsid preparations was described for Lucke frog virus, herpes 

sirrplex virus, cytomegalovirus and MDV (184). Similar types of results 

were obtained for MDV, herpes sirrplex virus and pseudorabies virus (185) 

and for EBV, MDV and bovine infectious rhinotrachei tis virus. The 

irrportance of these cross-reactive antigens is of course limited, 

because MDV does not replicate in mammalian species (see Section 4.2). 

7. roNCLUDING REMARKS 

REm3.rkable progress has been rrade during the last 15 years in our 

understanding of the virology of MDV and HVT. Future research on the 

exact nature of replication and viral antigens will be greatly facili

tated by the new techniques of rrolecular cloning and rronoclonal anti

bodies. It will be irrportant to elucidate the llEchanisrn(s) which govern 

the productive-restrictive, latent and transforming types of infection. 
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5. MJLECUIAR BIOLOGY OF 'lEE VIRUS 

L.J.N. ROSS 

1. INTRODUCrrON 

The study of the llOlecular biology of Marek's disease virus (MDV) 

started llOre than a decade ago when Lee et al. ( 1 , 2 ) character i z ED. its 

DNA. However, progress in the analysis of virus structural proteins has 

been hampered by the unusual cell-associated properties of MDV and the 

lack of enveloped infectious particles in cultured cells. For these 

reasons and because of the shortage of conditional lethal mutants, 

genetic analysis of virus functions by classical approaches has not been 

possible. The recent progress in llOlecular cloning of MDV (3,4) aoo the 

development of llOnoclonal antibody to virus-specific epitopes (5,6) have 

provided alternative approaches which hold great premise for furthering 

our understanding of oncogenesis and for defining virus structural com

ponents and their functions. 

In this Chapter, attention will be focused on viral DNA and proteins 

with emphasis on the differences between strains. This is followed by 

sections on virus replication and inhibitors of virus grCYNth. In the 

final secticn, the structure and expression of viral DNA in transformed 

cells is examined. 

2. VIRAL DEDXYRIBONOCLEIC ACID 

2.1. General properties 

The DNA of MDV is a linear, double-stranded llOlecule approximately 

175 kilobase pairs (Kbp) long. It is similar in size to Epstein-Barr 

virus (EBV) DNA but slightly larger than the DNA of herpes simplex virus 

(HSV) and of herpesvirus of turkeys (HVT). In neutral sucrose gradients, 

DNA of the JM strain of MDV has a sedimentation coefficient of 56S 

corresponding to a llOlecular weight of 120 x 106 daltons (2). Molecular 

L. N. Payne (ed.), Marek's Disease. Copyright © 1985. Martinus Nijhoff Publishing, 
Boston. All rights reserved. 
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weights of 110 x 106 daltons were reported for the GA and C2 strains 

(7). These differences are probably not significant since estimation of 

the contour length of viral DNA by electron microscopy (8) has indicated 

that the genomes of GA, JM, Cal-l and CVI 988 strains were similar in 

size and corresponded to the 001. wts. estimated by sedim2ntation 

analysis <120 x 106 daltons). However, DNA of strains that have been 

attenuated by serial passage is larger by 2 to 3 Kl::p (see Section 2.5). 

In alkaline sucrose gradients, MDV DNA sedimented as a heterogeneous 

population indicating the presence of "nicks" or single-stranded gaps, a 

property shared with other herpesviruses (9). 

The density of MDV OOA in neutral CsCl is 1. 705 g/ml, close to that 

of chick cell DNA (2). Assuming that the bases are \.lllI1OdifiErl, the 

density reported corresponds to 46% C + G. No difference in the density 

of the DNA of the GA, JM and C2 strains was found (7). However, changes 

in buoyant density during serial p3.ssage of virus in a cell-associated 

form have been reportErl by Tanaka et al., (10). They derronstratErl that 

Ot\lA isolated from plaque-purified virus banded as a horrogeneous peak 

(density 1. 705 g/ml) until six passages in vitro, whereas DNA obtained 

after 15 passages was heterogeneous in density and had a nejor peak of 

density 1. 700 g/ml. It is not known whether these changes are the 

result of intramolecular rearrangements in which DNA's of lower density 

displaces DNA of higher density in other p3.rts of the genome as has been 

reported for pseudorabies virus (11) and HSV (12), or of recombination 

with cell DNA. Although changes both in density and in restriction 

enzyme p3.tterns occur rapidly during serial p3.ssage (see Section 2.5), 

it is not clear whether these are causally related since the restriction 

enzyme p3.tterns of viral DNA of high and low density are reported to be 

similar (13). 

The DNA of HVT (ool.wt. 103 x 106 daltons) is sneller in size but is 

of higher density (1.707 g/ml) than MDV DNA. It is also linear, double

stranded and contains "nicks" as found for MDV DNA (7,14). DNA of a 

highly p3.ssagErl HVT (HVT-HP) (7) which had lost its cap3.city to confer 

protective imnunity to MD appeared to be similar in size and in buoyant 

density to the DNA of a vaccine strain (HVT-Ol) that had been p3.ssed 20 

times. Moreover the restriction enzyme p3.tterns of HVT-Ol were identical 

to those of HVT-HP. It is possible that minor differences in DNA 



115 

sequence not detectable by restriction enzyme analysis could account for 

the differences in the biological properties of HVT-HP and HVT-Ol. 

Further studies are required to resolve this question. 

MDV DNA has been shown to be infectious both in vitro and in vivo 

(15). The specific infectivity was 10 pfu/ j.lg in chick embryo fibro

blasts (CEF). The latent period of turrour development after intra

abdominal inoculation was 6 weeks. These are interesting observations 

since they open up the possibility of investigating gene functions 

by transfection experiments using modified viral DNA. 

2.2. PUrification 

Purification of MIN DNA is complicated by the fact that its density 

is similar to that of chick cell DNA. Furtherrrore, because of the cell

associated nature of the virus which limits the proportion of cells that 

can be infected, the yield of virus particles is usually poor. Several 

methods have been described which provide viral DNA suitable for 

restriction enzyme analysis and cloning. The method described by 

Kaschka-Dierich et al. (16) invol ves the use of particles released in 

the medium and should in theory result in virus less contaminated with 

cell DNA than virus derived from disrupted cells. After treatment with 

DNase, virus particles were purified by centrifugation in sucrose gra

dients prepared in 020 and centrifuged to equilibrium. PUrified virus 

was lysed with sarcosyl and treated with pronase. The viral DNA was 

further purified by centrifugation to equilibirum in CsCl and the yield 

was approximately 8 j.lg/litre of medium. The DNA obtained does not appear 

to be contaminated with cell DNA since RNA prepared using the DNA as 

template does not hybridize to cell DNA. 

Other methods of purification involve extraction of virus nucleo

capsids fran the cytoplasm of infected cells with Triton or NP 40 

followed by rate zonal centrifugation in sucrose gradients (17) or 

centrifugation to equilibrium in CsCl (3). High mol. wt. viral DNA is 

released by treatment with 1% sarcosyl and pronase at 370C overnight. 

The DNA obtained is suitable for restriction enzyme analysis but is not 

suitable for making probes because of cell DNA contaminants, mainly 

ribosomal DNA. Further purification by rate zonal centrifugation in 10 

to 30% glycerol gradients containing sarcosyl yields 56S viral DNA 

substantially free fran cell DNA (7,17). Usually 5 to 10 j.lg of high mol. 
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wt. viral DNA are obtained from 109 cells. 

2.3. Structure 

The structure of MDV DNA closely resembles the structure of HSV and 

not that of the other lymphotropic oncogenic viruses EBV and herpesvirus 

saimiri. Electron microscopy of partially denatured DNA (8) showed that 

both MDV and HIlT DNA's contain long and short regions of unique nucleo

tide sequences (UL and Us respectively) each enclosed by inverted repeat 

sequences (TRU IRL) and ( TRS ' IRS) as shawn in Fig. 1. The total extent 

of inverted repeats is greater in MDV (36 x 106 daltons or 54 Kbp) 

compared to HVT (28 x 106 daltons or 42 Ktp). The Us and possibly also 

UL regions of MDV are also longer. The structure of several strains 

examined were similar. Single-stranded tails observed at the junction 

of inverted repeats in a proportion of the molecules of partially 

denatured MDV DNA probably indicate occasional heterogeneity as has been 

found in the terminal repeats of HSV (18). The structure noted for MDV 

and HVT predicts that recombination between the ends of the molecule ard 

the internal inverted repeats could occur, resulting in inversion of ~ 

and US. Unfortunately, it has not been possible to demonstrate inversion 

by restriction enzyme analysis because the enzymes used so far have 

cleavage sites within the repeat regions and do not therefore generate 

O.25M fragrrents which are characteristic of inversion of both UL and 

US· 
2.4. Molecular cloning and mapping of restriction enzyme sites 

A partial library of EcoRl fragrrents of HPRS-16/att, cloned in the 

plasmid pBR322, has been obtained (3) and has been shown to comprise 85% 

of the viral genare (19). Most of the fragments that have not yet been 

cloned are located in the repeat regions flanking the long unique 

sequence UL. A number of cloned fragments were similar in size but were 

unrelated since they produced different patterns upon subsequent diges

tion with other enzymes (19). It naw seems likely that the multimolar 

fragrrents seen in EcoRl digests of HPRS-16/att DNA are not due to 

multiple copies of identical fragments (indicative of defective DNA's) 

but are the result of co-migration of unrelated fragrrents of similar 

size. 

Clones of Bam HI fragrrents of the GA strain have been obtained using 

various cloning strategies (4) involving the use of the plasmids pACYC 
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(X10-6 ) HVT 5 70 14 6 9 103 

HSV 6 70 10 10 4 100 

FIGURE 1. Canparison of the genare structures of MDV, HVT and HSV 

determined by electron microcopy. Or, and Us refer to the long and short 

regions of unique sequences. 'IRL and 'IRS are the terminal repeats and 

IRL and IRS are internal repeats. (Fran Cebrian et al. (8) by kind 

permission. ) 
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FIGURE 2. Physical naps of the GA strain of MDV [lilA. Note presence of 

direct repeats (DR) which separate the long unique sequence UL into Ur,l 

and Ur.2. (Fran Fukuchi et al. (4) by kind permission.) 
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184, and pBR 322 and the cosmid vector pHC 79. Most of the restriction 

fragments were cloned except for Barn HI 02 which spans the IRr!IRS 

junction and Bam HI Q2 which naps within IRL' As has been found for the 

EcoRl clones, rrany of the Barn HI clones are of similar size but have 

unique sequences. Thus there are three K clones, three I clones, three 

P clones, two Q clones, two 0 clones and two S clones (Fig. 2). 

Early work on napping of restriction enzyrre sites was hampered by 

the shortage of MDV DNA and the results were incomplete ( 20 ) • However , 

as the structure of MDV DNA becarre known and clones of viral DNA becarre 

available, napping has becorre possible. Fig. 2 shows maps of Barn HI, 

Sma 1 and Bgl 1 restriction sites of the GA strain which have been con

structed by Fukuchi et al. (4). The inverted repeats flanking the long 

unique region uL contain the Bam HI restriction fragments L, Q2, 12 and 

part of Hand D. The short unique region (US) is bounded by another set 

of inverted repeats which comprises part of Bam HI fragment A and a 

heterogeneous terminal fragment. Three features of MDV DNA are of 

interest: 1) The presence of single repeats (2 to 16 units long), remin

iscent of direct repeats in EBV DNA, which divides the UL region into 

two regions ULl and UL2, 2) The presence of heterogeneous terminal frag

rrents which are not found internally, and 3) The presence of sequences 

horrologous to Bgl 1 M fragment (located near the junction IRr!UL2 and 

'IRr!ULl) throughout the viral genorre. 

2.5. Restriction enzyme analysis of strains of serotype 1 

The restriction enzyrre digestion patterns of several strains of 

serotype 1 are very simi lar ( 7, 13 , 16 , 21 , 22) as shown in Fig. 3. Minor 

differences have been observed between GA,CVI-988,JM and Cal-l strains 

(16) and between GA, HPRS-16, RB-IB and Ala-8 (23). Sore of the differ

ences noted are probably strain-specific since they occur in regions of 

viral DNA that do not change with serial passage. However, differences 

in the rrobility of the fragrrents EcoRl F (6.8 Ktt:», Barn HI H (5.4 Ktt:» 

and Bam HI D (11.8 Ktt:» cannot be used to differentiate between strains 

since these fragments increase in size during continuous growth of the 

virus (Fig. 3). It is now known that changes in Bam HI H and D frag

rrents, first reported by Hirai et al. ( 13) for the PC, GA, JM and C2 

strains, also occur during passage of HPRS-16. It is known further that 

the changes are located in the repeat regions flanking the long unique 
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FIGURE 3. Restriction endonuclease patterns of 32p-labelled OOA from 

strains of serotype 1. Data adapted fran Hirai et al. (13) (a) arrl fran 

Ross et al. (23) (b) by kind pennission. The patterns obtained with 

different strains are similar except for the fragments Bam Hl H, Bam Hl 

D and EcoRl F which increase in size during serial passage. Srrall 

arrows in (b) indicate differences which are probably strain-specific. 
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sequence UL (22) and that the increase in the size of these fragrrents is 

probably due to expansion (tandem repetition) of alSO bp sequence 

wi thin the repeat region (24,25). Expansion of the Barn HI A fragrrent 

has also been reported (25). Analysis of the DNA of several plaque

purified isolates of HPRS-16/att has shown that the increase in the size 

of EcoRl F, Bam HI H and D fragments is not due to the accumulation of 

defective rrolecules during passage since virus with altered fragrrent 

sizes is infectious (23). It is probable therefore that attenuation 

arises by selection of infectious particles containing alterations in 

regions of viral DNA that are not essential for infecti vi ty but which 

could be important for pathogenicity. HONever, it is not known whether 

the changes that occur in the repeat regions are responsible for the 

loss of virulence. Definite evidence could probably be obtained by 

conversion of attenuated virus to the virulent genotype by recombination 

with the rnA fragrrents containing the putative genes associated with 

virulence. 

available. 

This may nON be possible since clones of MDV DNA are 

2 . 6. HOIOC>logy between serotypes 

Viruses of serotype 1, 2 and 3 each have a unique restriction enzyme 

pattern (7,16,22) (Fig. 4). There is little hOIOC>logy between the three 

serotypes as determined by reassociation kinetics experiments under 

stringent hybridization conditions (7,16,22,26), in spite of antigenic 

sirrUlarities between them. In Southern blot hybridization, only the Barn 

HI J fragment of HVT formed stable hybrids with MDV DNA under stringent 

condi tions (27). It has reen estimated that the rrost conserved sequences 

are 400 bp long. Using less stringent conditions that allON detection 

of horrology between sequences that are 30% rrUsmatched, Hirai et al. 

( 27) noted weak hOIOC>logy between HVT and Bam HI fragments B, C, D, E, F, 

G, I and K of MDV. Densi torretry of the autoradiographs indicated that 

the overall degree of hOIOC>logy between MDV and HVT under these relaxed 

conditions of hybridization was approximately 5% when compared to the 

hOIOC>logous reaction. When hybridization was carried out under relaxed 

conditions in the presence of dextran sulphate, bands of comparable 

intensi ties were observed in hOIOC>logous and heterologous reactions. The 

overall degree of horrology between MIN and HVT was estimated to be 

approxima tel y 70 % under these condi tions ( 28 ) . It could be argued 
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FIGURE 4. EcoRl cleavage patterns of 32p-labelled viral INA. Virus 

strains of serotype 1, 2 and 3 each have a unique restriction enzyrre 

pattern. (Data from Ross et al. (22) and Hirai et al. (7) by kind 

permission . ) 
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however, that Southern blot hybridization in the presence of dextran 

sulphate overestinates the degree of horrology because the DNA. fragments 

are large (2 to 23 Kbp) and dextran sulphate prorrotes the fornation of 

DNA. networks which enhances the hybridization signal. Definite 

conclusions regarding the degree of horrology between serotypes must 

await the results of reassociation kinetics experiments in solution 

using fragments of rnA 100 to 500 bp in size. Ideally, they should 

await the results of sequencing experiments. 

Results of hybridization between HPRS-24 and HPRS-16 have shown that 

although several fragments cross-hybridized, under relaxed conditions, 

the degree of horrology jooged by the intensity of the bands in the 

autoradiograms was laY compared to the horrologous reaction (Fig. 5). 

This indicates that only a proportion of the sequences in the restric

tion enzyme fragments formed stable hybrids with labelled heterologous 

rnA. 

In Fig. 6, an attempt has been nade to relate the regions of horro

logy between the three serotypes to the physical nap of MIN. Sequences 

located in the Bam HI B and F fragments rrapping in the Or, region appear 

to be the rrost conserved ones . There is also sOlTl2 indication of 

quantitative and qualitative differences in horrology between the 

serotypes, as shavn for example by the stronger horrology between the Bam 

HI fragment E of GA virus and HPRS-24 than with HVI' and conversely by 

the stronger horrology between Bam HI fragments N,H,I2 of GA virus and 

HVI'. One would expect therefore quantitative differences in the 

antigenic relatedness of SOlTl2 type comron antigens. Evidence for the 

presence of type COlTITOn and of type specific epitopes on the sarre 

glycoprotein rrolecules (29) is consistent with this idea. 

3. VIRAL PROTEINS 

3.1. Structural proteins 

Because of the cell-associated nature of MIN, it is not possible to 

obtain sufficient quantities of purified enveloped particles from 

cultured cells for biochemical analysis. Attempts to purify rrature 

virus from extracts of feather follicle epithelium have been unsuccess

ful. Consequently, little is knavn about the structural proteins of 

MDV. Early studies in this area lacked sensitivity (30). HaYever, 
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FIGURE 5. Southern blot hybridization showing hcm::>logy between HPRS-16 

and HPRS-24. a) Blots of Bam HI fragnents of HPRS-24 DNA were 

hybridized to 32p-labelled HPRS-16 DNA and HPRS-24 DNA. Although 

several fragments of HPRS-24 hybridize to HPRS-16 under stringent 

conditions ('Dn -24OC) and additional ones cross-hybridize under less 

stringent conditions ('Dn -40OC), the degree of hOllOlogy between HPRS-16 

and HPRS-24 is low COI'I{Jared to the hcm::>logous reaction ju:lging fran the 

relati ve intensi ti y of the autoradiograns. b) Arrows allow identifi

cation of the Bam HI fragnents of HPRS-24 that cross-hybridize with 

HPRS-16 (Fran Ross et al. (23) by kim perrnissico.) 
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FIGURE 6. Surrmary of cross-hybridization results showing nap positions 

of horrologous sequences anong the three serotypes. The linkage nap of 

Bam Hl fragments of the GA strain is that of Fukuchi et al. (4) (by kind 

permission). The conditions of hybridization were Tm -40OC: (low 

stringency) and 'PlI -24OC (high stringency). Histograms show relative 

intensity of hybridization on an arbitrary scale. (?) indicates 

tentative nap positions of some cross-hybridizing sequences. (From Ross 

et al. (23) by kim permissicn.) 
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characterization of the envelope glycoproteins that interact with 

neutralizing antibody can now be achieved without the need for purified 

virus particles by imnunoprecipitation of labelled cell extracts using 

rronoclonal antibody. Using this approach, three MDV glycoproteins 

(001. wt . 115/110,63 and 50) which share epi topes with HVT have been 

identified (31,32). There is evidence that gp 115/110 is a precursor 

oo1ecule which is cleaved to produce the mature glycoproteins gp 63 and 

gp 50 which are probably located in the virus envelope. Nucleocapsids 

on the other hand can readily be purified and preliminary experirrents 

suggest that there are four major capsid proteins (rro1.wt. 140, 50, 35, 

32 x 103 daltons) as shown by SOS polyacrylamide gel electrophoresis of 

purified preparations (R. Haynes and L.J.N. Ross, unpublished results). 

These results need to be confirrred by "Western" blot analysis using 

labelled antibody. 

3.2. Virus-specific enzymes 

3.2.1. DNA polyrrerase. MDV induces increased levels of CNA poly

rrerase activity after infection of CEF. The virus-induced DNA polyrrerase 

has been partially purified by chr0iT\3.tography on phosphocellulose and 

characterized (33). Its rro1. wt. was estimated to be 100 x 103 daltons 

by sedi.rrentation analysis. It could be differentiated from cellular 

polyrrerase by its rro1. wt., by its inability to use either poly A. oligo 

dT or poly dC.oligo dG as template and by its sensitivity to amronium 

sulphate. Since MDV mutants resistant to phosphonoacetate (an inhibitor 

of OOA polyrrerase) induce polyrrerase with altered properties, it is 

likely that this enzyrre is virus-coded (34,35). 

3.2.2. ThyrrUdine kinase. Thymidine kinase is induced in CEF follo

wing infection with HVI' ( 36) • The enzyrre could be differentiated fran 

cellular kinase by its location in cytosol but not in mitochondria, by 

its higher sedirrentaticn coefficient (corresponding to rro1.wt. of 87,700 

dal tons) and by its distinct isoelectr ic point (pI 6.1) corrpared with 

the enzyrre of uninfected cells. Increased levels of thymidine kinase 

have also been found in CEF infected with HPRS-16 but the enzyrre 

activity was only marginally neutralized by MDV antiserum (Table 1). It 

is likely that MDV codes for thymidine kinase and that the failure of 

the serum to neutralize its activity completely is due to a deficiency 

in the serum which was not hyperirrmune. 
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TABLE 1. MiJV-induced thymidine kinase 

Experirrent 1. 

1. HPRS-16-infecterl CEF (4 x 107 cells/roll 25% 

synthesizing MDV antigen) 

2. HPRS-16-infecterl CEF (4 x 107 cells/ml; 6% 

synthesizing MDV antigen) 

3. Uninfecterl CEF (4 x 107 cells/ml) 

4. MIx::C-MSBl (2 x 108 cells/ml; 6% synthesizing 

MDV antigen) 

5. MIx::C-HPl (2 x 108 cells/ml; 0.1% synthesizing 

MDV antigen) 

6. Chick thymus (4 x 108 cells/roll 

Experirrent 2. 

1. HPRS-16-infected CEF (same as (2) in Experirrent 1.) 

+ blffer. 

Tk acti vi ty* 

ct/min 

18750 

3900 

950 

1200 

1250 

1000 

3100 

2. HPRS-16-infected CEF (as above) + 8PF serum 3200 

3. HPRS-16-infected CEF (as above) + MDV covalescent serum. 2300 

*Thymidine kinase activity was estimaterl by Ireasuring the incorporation 

of tritiated thymidine into thymidine monophosphate in a standard assay 

for thymidine kinase at pH 6 for 30 min. (D. Buchan and L.J.N. Ross, 

unpublished results). 

Note that significant kinase activity is found in infected CEF and that 

MDV antiserum marginally neutralizes its activity canpared to specific 

pathogen free (8PF) serum. 

Increased levels of thymidine kinase in cells infected with HVT and 

the JM strain of MDV have also been noted by 8chat et al. ( 37) who 

showed in addition that 8B-l does not induce significantly increased 

levels of kinase. It is not known however whether this reflects at 

least in part the lower growth rate of 8B-l relative to the other 

strains or some more profound differences between these strains. 
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3.3. Viral antigens 

3.3.1. A, B and C precipi tins. Of the rra jor precipi tins described 

originally by Churchill et al. (38) the A antigen was of special inter

est since attenuation of HPRS 16 resulted in the loss of the antigen. 

This observation stimulated studies on the biochemical nature of the A 

antigen since it appeared to be associated with pathogenicity. Early 

studies (39) showed that this antigen is a glycoprotein which is hetero

geneous in size (mol. wt. 70,000 to 90,000 daltons) and charge (pI 4.5 

to 5.5). There have been rrany reports subsequently on its physico

chemical properties with mol. wts. ranging from 20,000 (40) to 44,800 

(41). The isoelectric point of a 200-fold purified preparation in the 

presence of 1 M urea and 0.05% Bri j 35 was estimated to be 6.68 (41). 

These discrepancies reflect the fact that the antigen was studied in its 

native form and was subject to aggregation. Moreover, as the antiserum 

used for immunoprecipitation in some studies was a general antiserum, it 

could have detected other antigens present in culture fluids. These 

factors, coupled with the existence of precursor forms of the antigen of 

higher mol. wt., have contributed to the confusing literature on the 

size of the A antigen. 

Recently, Zaane et al. (42), using pulse-chase experirrents and 20 

gel electrophoresis to analyse irrmunoprecipitates, identified a hetero

geneous glycoprotein (gp 5) 52,000 to 72,000 daltons in mol. wt. which 

was rapidly excreted in the culture medium and is likely to be the A 

antigen. These results ~re confirmed and extended by Ikuta et al., 

(6). Using a monoclonal antibody they identified a heterogeneous glyco

protein (gp 54/70) in the medium of infected cultures consisting of at 

least 10 components in the mol. wt. range 54,000 to 70,000 daltons which 

increased in charge with increasing mol. wt. The isoelectric point of 

the glycoprotein ranged from pI 4 to pI 5.6. Pulse-chase experirrents 

and the use of tunicamycin and neuraminidase suggested that gp 54/70 

probably arises as a 45,000 dalton polypeptide which is glycosylated by 

addition of N-acetylglucosamine to form two precursor polypeptides, 

57,000 and 61,000 dal tons in mol. wt. These are then processed at least 

in part by the addition of sialic acid to form the rrature glycoprotein 

which is rapidly transported to the cell membrane and excreted. There 

is evidence that gp 54/70 is a late gene product since its synthesis is 
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blocked by phosphonoacetic acid, an inhibitor of viral rnA synthesis. 

Isfort et al (43) have recently shown by in vitro translation of 

selected mRNA's that the non-glycosylated precursor of the A antigen is 

encoded by sequences wi thin a 6.8 Kbp EcoRl fragnent of MDV DNA. The 

map position of this EcoRl fragment is not yet known. 

In surrrrary, the data available nON suggest that the A antigen (gp 5 

of Zaane et al. (42), gp 54/70 of Ikuta et al. ( 6» is a heterogeneous 

glycoprotein of 001. wt. 54,000 to 72,000 daltons and pI 4 to 5.6. 

Although the antigen does not appear to be a target for virus neutrali

zation ( 31,44) its presence at the surface of MDV- infected cells 

suggests that it could have a role in cytotoxic inmune reactions. It 

has been noted that small arrounts of A antigen of marginally smaller 

1lO1. wt. are produced in cells infected with attenuated virus (6,45,46). 

The A antigen of HVT which cross-reacts with gp 54/70 of MDV is also 

marginally smaller. It originates as a 45,000 dalton polypeptide which 

is processed to a single 54,000 dalton precursor which is finally 

sialylated to form the mature glycoprotein (gp 50/64). 

The B antigen was studied extensively by Velicer et al. (47) and was 

shown to be a glycoprotein containing Ci. 0 - rnannopyranosyl residues. 

In the presence of the dissociating agents 1 M urea and Brij 35, the B 

antigen has an apparent 1lO1. wt. of 58,280 dal tons and pI 4. 54 • Thus , 

although A and B antigens are physically distinct entities, they cannot 

be totally separated on the basis of size. However, they can be differ

entiated on the basis of charge in the presence of urea and detergents 

(41,47) and the greater resistance of the B antigen to inactivation by 

trypsin. 

Using partially purified B and C antigens, it has been shown that B 

antigen is COllIlOI1 to MDV and H'iIT and that at least t't.D antigens (inclu

ding C) are MlJIl type-specific (46). There is little to be gained in 

studying biochemical properties of virus-specific antigens detectable in 

gel diffusion tests in the future, since the antigens have to be 

extensively purified. More precise characterization of virus-specific 

antigens is nON possible using llOnoclonal antibodies and SOS 

polyacrylamide gel electrophoresis of radiolabelled inmunoprecipitates. 

The antigens referred to as viral internal antigen (48) and the 

early and late rranbrane antigens noted on the surface of infected cells 
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(49) have not been characterized and progress must await the development 

of monoclonal antibodies that react specifically with these antigens. 

3.3.2. Virus-induced polypeptides. At least 35 MlJil-specific poly

peptides have been identified in extracts of infected cells using 2D gel 

electrophoresis (Fig. 7) (45) and antibody enriched by affinity chroma

tography for inmunoprecipitation (50). These polypeptides ranged fran 

160,000 to less than 20,000 daltons in IID1. wt. (Table 2). Structural 

and non-structural proteins have not yet been differentiated (see 

Section 3.1). Six polypeptides IIDl. wt. 92, 64, 53, 42, 25 and 24 x 

103 daltons present in culture fluids of MDV-infected cells cross-react 

with HVT and 10 polypeptides (IID1. wt. 110, 92, 66, 62, 50, 40, 36, 29, 

24 and 20 x 103 daltons) are phosphorylated as shown by labelling with 

32p orthophosphate (50). The relationship between these j:hosphorylated 

proteins and the polypeptides characterized by Zaane et al. (42) has not 

been determined. 

Strains of MlJil and HVT can be differentiated on the basis of the 

electrophoretic IIDbili ties of the following polypeptides: p4, p5, p6, 

gp3, gp5, gp8 and gp9 (45) (see Table 3). Of these, the properties of 

gp5 (Fig. 8) showed the greatest degree of type-specificity and allowed 

independent classification of the strains into groups which agreed 

remarkably well with the serotypes defined originally by von Bulow and 

Biggs (51). 

The rrajority of 35S rrethionine-labelled proteins of MOJ and HVT 

cross-react antigenically as shown by inmunoprecipitation using hetero

logous antisera (52) (Fig. 9), This is unexpected in view of the limited 

hanology between these strains (see Section 2.6). However, there is 

evidence that some glycoproteins are type-specific since only gp 56/64 

(A antigen), gpllO and gp42 cross-reacted with HVT. Recent studies by 

Silva and Lee (29) indicated that five rrajor polypeptides of MOJ (p152, 

plOO, p8l, p60 and p49) contained antigenic determinants ccmoon to all 

serotypes. Using IIDnoclonal antibodies they showed further that some 

polypeptides carried multiple epitopes and that some of these were 

type-COIltrOn while others were type-specifc. Thus, p79 carried both 

type-COITIrOn and type l-specific determinants whereas gplOO, gp80 and 

gp49 contained antigenic determinants COIltrOn to type 1 and type 3 which 

were not shared with type 2. These glycoproteins contained in addition 
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TABLE 3. Comparison of the migration behaviour of sorre virus-specific 
polypeptides of various MDV and HVr strains. 

Virus strain 

CVI HPRS HPRS HVl' PB 
Polypeptide 988 GA-5 K CU-2 l6/att SB-l 24 Fcl26 TINl 

pl,p2 + + + + + + + + + 

p3 + + + + + + + 

p4/p5/p6 + + + + + B B 

gpl + + + + + + + + + 

gp3 + + + + + A A A A 

gp4 + + + + + + 
gp5 + + + + + LB LB B B 

gp6 + + + + + + + + + 
gp7 + + + + + + + + + 

gp8/gp9 + + + + + + + B B 

gplO + + + + + + + + + 

Note (+) Migration identical to corresEDnding polypeptide of CVI 988 A, 
B, L, H: EDlypeptide is ITDre acidic, IlDre basic, lower or 
higher in.ITDlecular weight, respectively, relative to the 
corresponding polypeptide of CVI 988. 

(-) Presence of polypeptide not derronstrated or tmcertain. 
More clearly visible after longer exposure of the auto-
radiogram and in other experinents. 

(From Zaane et al. (45) by kind permission.) 
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FIGURE 8. Comparison of 2D electrophoresis patterns of the major virus

specific polypeptide (gp 5) present in the culture medium of cells 

infected with different strains of MOlT and HVI'. Each serotype has a 

characteristic pattern. (Fran Zaane et al. (46) by kind perrnissicn.) 
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MIN and HVT are irrmunoprecipitated by heterologous antisera. a) MDV 

antisera, b) HVT antiserum. M:>l.wt. x 10-3 are indicatErl (Fran Ikuta 

et al. (52) by kind permission.) 
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a type 3-specific epitope which reacts with neutralizing antibody. 

Evidence was obtained for (sub-type) GA-specific determinants in the 

polypeptides p4l, p38 and p24. 

3.4. Molecular properties of tumour-associated antigen 

A polypeptide of lID!. wt. 40,000 daltons has been identified in 

extracts of the MDCC-MSBl cell line by imnunoprecipi tation using two 

independent tumour-specific antisera (53). This polypeptide appears to 

be specific to MDV-transformed cells since it is distinct from proteins 

that react with Rous sarcoma virus tUllDur antiserum and thymus-specific 

antiserum. It is not imnunoprecipitated either from lysates of myelo

blasts using MDV tUllDur-specific antisera. However, since these antisera 

are heterologous antisera that have been absorbed with normal chicken 

tissues until specific for tUllDur cells, the possibility rerrains that 

the 40,000 dalton polypeptide could be a histocompatibility antigen. 

Consequently, its association with MA.TSA (54,55) is conjectural and 

definite evidence must await imnunoprecipitation with lIDnoclonal 

antibody. 

Since MDV OOA is transcribed in several cell lines (see Section 5.4) 

and since the imnunoprecipitation technique used previously to search 

for MDV-specific antigens in these cells nay have lacked sensitivity 

(53), the role of virus-coded proteins in the fornation of tUllDur

associated antigens cannot be excltrled at the present time. 

4. REPLICATICN 

4.1. Growth cycle 

The growth cycle of MDV in cultured cells has not been studied 

because of the poor titres of infectious virus particles available and 

the difficulty in achieving one-step growth conditions. Consequently, 

nothing is known about the tE!llporal synthesis of virus-specific pro

teins, OOA and RNA. However, higher yields of infectious particles can 

be obtained with HVT. Using a mini-scale one-step growth experiment, it 

has been estinated that the growth cycle of HVT is completed in 48 hours 

at 37~ m.J. Walker and L.J.N. Ross, unpublished data). There is an 

eclipse phase of 10 hours followed by a period of exponential growth 

dur ing which the infecti vi ty increases by 2.5 logs in 30 hours. The 

growth cycle of MDV is expected to be longer judging from the slower 
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developrrent of cytopathic effect (see Chapter 4), However, it has been 

reported that the JM strain of MDV adsorbed rapidly to DEF and that its 

growth cycle is completed in 24 hours at 370C (56). 

4.2. Effect of temperature on DNA replication 

Temperature has a marked effect on the replication of viral DNA. In 

CEF infected with HVT, Kaschka-Dierich and Thanssen (57) showed by 

hybridization that the replication of viral DNA was faster at 410C than 

at 370C and reached 1200 genorre equivalents per cell in 48 hours at 

41OC. Although growth rates w:!re slower at 37OC, the arrount of viral 

DNA/cell attained eventually was the sarre as at 41OC. 

During replication, 45% of HVT DNA becarre associated with high mol. 

wt. cellular DNA (57). The nature of the association between viral and 

host DNA is unknown. Whether this represents true integration or sorre 

non-covalent association is not clear. This question can only be 

resolved by the demonstration by molecular cloning of host-virus DNA 

junctions in infected cells. It is possible that MDV DNA is also 

associated with cell DNA in lytically infected cells as suggested by 

Kaschka-Dierich and Thanssen (57). This would be consistent with the 

results of in situ hybridization (Fig. 10), which suggested that in 

infected CEF, MDV DNA was polarized in the nuclei of mitotic cells and 

probably becarre distributed with the cell chrOllDsorres into dividing 

cells in telophase. Using in situ hybridization, it is possible to 

detect and quantify viral DNA in infected cells (3) (Fig. 10) although 

the method does not allow detection of fewer than 5 copies/cell at the 

present time. 

4.3. Transcription in lytically infected cells 

Early hybridization experiments showed that 45% of MDV DNA was 

transcribed in infected CEF and that all the viral RNA becarre associated 

wi th pol ysorres ( 58 ) . This corresponds to 90% transcription assuming 

that transcription is asyrrmetric. Recently, Tanaka et al. (59) showed 

that labelled cDNA, prepared using RNA fran infected CEF as tEmplate, 

hybridized to most Bam Hi fragrrents of MDIT DNA, confirming that most of 

the viral genorre is transcribed in these cells. 

Using in situ hybridization and individual cloned DNA's as probes, 

it is possible to detect both nuclear and cytoplasmic viral RNA in 

infected CEF (L. J • N. Ross, unpublished observations). The in situ 
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FIGURE 10. In situ hybridization showing MDIT OOA. a) Infected CEF 4 

days after infection at m.o.i. of 0.001; b) MDCC-MSB 1 cell line; c) 

uninfected CEF. Autoradiographic exJ;X)sure was a) 2 days, b) 7 days 

and c) 24 days. Mean grain-cell in b) is 30 + 13 (S.D.). It has been 

estimated that the sensitivity of hybridization is 2 grains/copy/7 day 

exJ;X)sure. In a) arrows 1 and 2 show polar, intranuclear distribution 

of virus OOA in dividing cells. Arrow 3 shows a cell containing approx

imately 150 copies of viral DNA. Bar markers represent 10 /lm. (Fran 

Rcss et al. (3), by kind permission.) 
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hybridization results agree in general with the dot blot assays (59). 

However, one EroRl fragment <12 Ktp) does not appear to be transcribed 

efficiently in infected CEF. 'f\..D p:Jlyadenylated RNA species have been 

characterized in MDV-infecterl CEF (24). One is a 2.5 Kb transcript 

encoded by the Bam Hl H fragnent of MlJIJ DNA. The other is a 2.4 Kb 

transcript which cross- hybridizes with HVT. In cells infecterl with 

attenuated virus, the RNA transcripts romplercentary to Bam Hl H are 

heterogeneous (2 to 5 Kb) as expectoo, since alterations in the repeat 

regions of the Bam Hl H OOA fragnents occurs during attenuation of the 

virus by serial passage. Nothing is known yet about transcriptioo of 

viral OOA in lytically-infected B-lymphocytes or in latently infected 

T-lymphocytes after reactivatioo of virus replication in vitro (60). 

4.4. Inhibitors of virus replication 

The replication of MlJIJ is prevented in vitro by phosphonoacetic acid 

and phosphonoformate which inhibit viral DNA polymerase (34,35) and also 

by a number of nucleoside analogues such as icx:lcx:leoxyuridine and cyto

sine arabinoside which interfere with DNA synthesis. The molar concen

tration of SOIre of these antiviral compounds for 50% plaque inhibition 

in chicken kidney cells (Fig. 11) are as follows: icx:lcx:leoxyuridine (1 

iJM) trifluorothymidine (5.6 i1M), acycloguanosine (12 jJ.M), phosphono

acetic acid (56 jJ.M) and vidarabine (146 jJ.M). It appears therefore that 

MlJIJ is as sensitive as HSV to icx:lcx:leoxyuridine and phosphonoacetic acid 

but is less sensitive to trifluorothymidine and acycloguanosine. 

It has recently been shown that a new fluoroarabinosyl pyrimidine 

nucleoside 1- (2-fluoro-2-deoxy- S -D-arabinofuranosyl )-5-icx:locytosine 

(FIAC) and its uracil and thymine analogues, FIAU and FMAU respec

tively, inhibiterl the growth of MDV and HVT in chicken kidney cells 

(37) • HOW'ever, in CEF, virus growth was inhibited by FMAU and FIAU but 

not by FIJ\C. This is attributable to a deficiency in 2-deoxycytidine 

deaminase in CEF which is needed for ronversion of FIAC to the active 

form FIAU. The molar concentration of FIAU and FIl\C for 50% plaque 

inhibition in chicken kidney cells was 0.059 jJ.M and 0.15 jJ.M respec

tively, indicating that these carq:x:lUnds are considerably more potent 

inhibitors of MlJIJ than those tested previously. 

It is of interest that infectioo of lymphocytes in vitro was 

inhibited by FMAU but not by FIAC (37). It is therefore likely that 
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FIGURE 11. MDV plaque inhibition in chicken kidney cells by 

iododeoxyuridine (*); trifluorothymidine (e); acycloguanosine ( f!,. ); 

tnosphonoacetic acid ( .) and vidarabine (0). The antiviral compounds 

were added to the monolayers 3 hours after infection with cell

associated HPRS-16 and were rraintained until plaques were counted 5 to 6 

days later. (L.J.N. Ross and D.J. Bauer, unpublished results.) 
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lymphocytes also lack deaminase. Neither acycloguanosine (L.J.N. Ross 

and D. J . Bauer, unpublished observations) nor FIAU (37) inhibi ted the 

growth of lymphoblastoid cell lines. Since these compounds require to 

be phosphorylated by virus-induced thymidine kinase in order to be 

effective, the lack of effect of these nucleoside analogues on cell 

lines is not surprising since viral thymidine kinase is not expressed in 

cell lines (Table 1). These results emphasize the importance of enzy

matic differences between tissues on the effectiveness of antiviral 

compounds and have important implications for chemotherapy. 

5 • ONC03ENESIS 

5.1. Latently infected and transforrred lymphocytes 

Latently infected T-lymphocytes have been demonstrated in the spleen 

after the cytolytic mase of infection (60). These lymphocytes contain 

less than 5 copies of viral DNA/cell (not detectable by in situ hybridi

zation) and do not express viral antigens. UIXln incubation in vitro, 

synthesis of viral antigens and presumably also of viral DNA occurs 

within 24 to 48 hours since multiple copies of viral DNA/cell could then 

be demon stated by in situ hybridization. Virus replication and 

expression are not activated in these cells by treatment with iododeoxy

uridine and butyrate (60). 

In contrast, transforrred cells in established cell lines and in 

lymphomas contain at least 10 to 20 copies of viral DNA/cell as deter

mined by in situ hybridization ( 3) . Expression of viral antigens in 

these cells can be enhanced by tumour promoters and halogenated pyrimi-

dines in vi tro. Thus it appears that there are at least two types of 

latently infected T-cells in vivo which differ in the content of viral 

DNA/cell. Whether the higher number of copies of viral DNA/cell in 

transforrred cells is the cause or the result of transformation is not 

known. 

5.2. State of viral genome in transforrred cells 

The restriction enzyne patterns of DNA obtained fran several cell 

lines are similar to the patterns of genomic DNA (Fig. 12). This 

suggests that viral DNA is present in a virtually intact form in cell 

lines. Similar results have been obtained using DNA derived from 

lymphomas. Physicochemical characterization of DNA isolated fran 
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FIGURE 12. Southern blot hybridization showing viral OOA in lyrrphoid 

cell lines. Total cell DNA was digesterl with EcoRl, separaterl by 

electrophoresis and hybridizerl to 32p-labelled OOA from HPRS-16. a) 

Non-producer MJJ<X:-RPL 1; b) Noo-producer MJJ<X:-MKT 1; c) Producer 

MCCC-MSB 1. Note that nest of the restriction enzyrre fragrrents of the 

viral genoIlE are present in all three cell lines (see Fig. 3). (L.J.N. 

Ross, unpublished results.) 
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established cell lines have provided serre evidence for the presence of 

both integrated and episomal DNA's in these cells (61,62). Thus 

Kaschka-Dierich et al. (61) found that in the non-producer cell line 

MDCC-HPl, MDV sequences remained associated with cellular DNA upon cen

trifugation to equilibrium in CsCl under denaturing conditions. No free 

viral DNA was present in this line. In MDCC-MSBl, cells in contrast, 

fast sedirrenting DNA wi th properties of free linear DNA (58S) was found 

as well as integrate:'i DNA. These findings have been confirmed by Rziha 

and Bauer (63) who showed in addition that both MDCC-MSBI and HP2 cells 

contained integrated as well as free viral DNA with properties of 

circular DNA (100 S). It is of interest that MDCC-RPI (a non-producer 

cell line established fran a transplantable turrour) contained only 

integrated rnA and that it has not been pJssible to rescue virus from 

this cell line. Tanaka et al. ( 62) found mainly circular plasmid-like 

rnA in the non-producer cell line MDCC-MKTl. The differences in the 

state of the viral genOIlE noted in different cell lines could reflect 

not only intrinsic differences between the cell lines but also the 

passage history of the cells since it is known that changes in spJntan

eous expression of viral genome occur during continuous passage. 

By separating chromosomes on sucrose gradients and examining the 

fractions for the presence of MDV sequences, Hughes et al. ( 64 ) found 

viral DNA associated mainly with chrolIDsome 6 and chromosorres 16 to 19 

in the MDCC-MSBI cell line. HaNever the nature of the association 

between MDV DNA and cell chromosomes remains uncertain since in other 

systertL'3 (e.g. mv in Raji cells), viral rnA appears also to be 

associated with chromosomes although the linkage is alkali-labile and 

viral rnA is not integrated. Conclusive evidence of integration will 

require the dellOnstration of covalent linkage between MDV and host cell 

rnA by lIDlecular cloning of virus rnA-cell rnA junction fragrrents. 

5.3. Control of viral DNA replication and genome copies in transformed 

cells 

The number of copies of viral rnA/cell in established cell lines 

ranges fran 8 to 15 for the non-producer cell lines MDCC-HPRS 1 (61) and 

MKTI (62) to 60 to 108 for the producer cell lines MDCC-MSBI (61,65). 

Clearly these differences reflect the fact that extensive virus DNA 

replication occurs in a proportion of the cells of the producer cell 
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line MLCC-MSB1. Hcwever in the presence of phosphonoacetic acid which 

inhibits viral DNA polyrrerase, the copy number/cell in MIJO:-MSB 1 

approached the levels reported for the non-producer cell lines (66). 

These results suggest that the replication of viral DNA is partly under 

the control of the host cell. Support for this has been provided by Lau 

and Nonoyarra (67) who showed that in synchronized MIJO:-MKTl cells the 

number of viral genorres/cell increased 2-fold just before cell rnA 

synthesis occurred and rapidly dropped to the normal level after 

division, indicating that the MDV genorre duplicates once during the 

growth cycle of the cell. Because of this, one can expect sone 

variation in estimates of copy number for a particular cell line 

depending on the state of the cells at the tine of analysis. 

Evidence that every cell of several cell lines contains viral rnA 

has been obtained by in situ hybridization (3) (Fig. 10) and it has been 

estimated by Southern hybridization using a cloned fragrrent as a 

standard that several non-producer cell lines contained approximately 15 

copies / cell ( 3 ) . This is in good agreerrent wi th the results obtained 

using cells cultured in the presence of phosphonoacetic acid and also 

for lyrrphomas (68), if the estimates of copy number are recalculated for 

the lyrrphorra cells to take into account that only 60 to 70% of the cells 

contain viral rnA. Thus, the true number of copies of latent genorre in 

transforrred cells is probably 5 to 15/cell. 

5.4. Transcription in cell lines and turrours 

Early studies (69) indicated that selective transcription of viral 

genes occurred in cell lines since cells of MLCC-HPl and MLCC-MSBl which 

expressed viral antigens spontaneously at the tine, synthesized B and C 

precipitating antigens but not the A antigen. yet, virus isolated from 

these cell lines could induce A antigen in CEF. 

rnA-RNA hybridization (58) shewed that 12 to 14% of viral rnA was 

transcribed (24 to 28% if asymretric) in MIJO:-MKTl cells and that 60% 

approximately of the viral RNAs becane associated with polyribosones. 

Similar results were obtained in lyrrphoid turrours of CNary, spleen, 

liver and kidney. It was shown further that the sane species of RNA 

were transcribed in turrours as in the MIJO:-MKTl cell line ( 58) • In 

lytically infected cells on the other hand, approximately 90% of the 

viral genone was transcribed (assuming asymretric transcription) and all 
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the viral RNA's becane associated with polyribosones. These results 

suggest that expression of the viral genome in cell lines and tumours is 

controlled at both transcriptional and post-transcriptional levels. The 

block in transcription can be overcome by treatment of the cells with 

IUDR but transfer of RNA to polyribosones is only partially increased in 

the presence of IUDR. 

The use of cloned DNA's has allowed rapid progress in identifying 

regions of viral DNA that are transcribed in cell lines. Using 

individual cloned DNA's as probes for in situ hybridization, it has been 

shown that sequences present in Barn Hl H and D fragrrents of viral DNA 

are anong the najor ones transcribed in several cell lines (19). Tanaka 

et al. ( 59) have shown in addition that Barn Hl fragrrent I2 is also 

transcribed abundantly in both producer and non-producer cell lines. 

Thus the najor regions transcribed are locatErl in the repeat regions 

IRL' 'lRL and in the adjoining regions of~. In MOCC-MSB 1 and MOCC-MKT 

1 cells treatErl with IUDR, additional sequences are transcribed. It is 

of interest that Barn Hl H and D fragments are preservErl ( 22 ) and are 

transcribed in cell lines but undergo modification during attenuation of 

viral by serial passage. The expression of a virus-specific 34K 

phosphorylatErl protein in the MDCX::-MSB 1 cell line has been reportErl 

recently by Hirai et al. (24). In vitro translation of hybrid selected 

mRNA has shown that this protein is encodErl by a 1.22 Kbp sequence 

napping within the inverted repeats of the fragments Barn Hl H and D. It 

is not known whether genes associated with oncogenicity are locatErl in 

these regions. Conclusive evidence will require derronstration of the 

direct involvement of these sequences in transfornation. 

6. CONCLUDING REMARKS 

Much progess has been nade in recent years in characterizing the 

genome of MDV and the virus-specific proteins synthesizErl in infectErl 

cells. Strains of the different serotypes can now be differentiatErl by 

restriction enzyme analysis of viral DNA, by the electrophoretic 

properties of their proteins and by the use of IlOnoclonal antibodies. 

These techniques and those of hybridization have providErl new approaches 

for studying the epiderrdology of the disease and for diagnosis. 

However, much renains to be done to determine the precise role of 
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MDV in transformation and to explain the specificity of the T-cell as 

the target for transformation in the chicken. Moreover, the origin of 

the turrour-associated antigen MA.TSA is another irrportant issue which 

needs to be addressed using a molecular approach. 

As more information accumUlates on the genes associated with onco

genicity and immunogenicity, new vaccines might be engineered that offer 

cheaper and better protection in the future. MD remains one of the most 

attractive models for studying the pathogenesis and immunoprophylaxis of 

herpesvirus-induced lymphomatous disease at the molecular level. 
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6. IABORATORY DIAGNOOIS 

J.M. SHARMA. 

1. INTRODUCrrON 

Marek's disease (MD) is one of the lIDst comronly occurring neo

plastic diseases of chickens and is endemic in alllDst all poultry

producing areas of the world. Highly successful vaccination programmes 

have dramatically reduced natural outbreaks of MD in commercial 

chickens. Ho.vever, vaccination has not eradicated MD and outbreaks 

continue to occur sporadically, hence the need for proper diagnosis of 

the disease. 

Difficulty in diagnosing MD generally arises for two reasons: 1) 

The disease is often confused with lymphoid leukosis (LL). MD and LL 

are the two lIDst comron naturally occurring neoplastic diseases of 

chickens. For many years MD was considered a part of the avian leukosis 

complex, with the irrplication that there was an aetiological relation

ship betwen LL and MD (see Chapter 1). This confusion was settled in 

the late 1960 's when a herpesvirus was isolated from cases of MD (1,2) 

and MD was clearly separated causally fran LL and other diseases that 

are caused by retroviruses (3) • Despite this aetiologic distinction, 

considerable confusion persists in differentiating the pathological 

rranifestations of MD and LL. Both diseases cause lymphoid cell tUllDurs 

that are often difficult to distinguish on gross examination. Separa

tion of MD from LL is important in laboratory diagnosis of MD and will 

be discussed further. 2) Marek's disease virus (MDV) is ubiquitous and 

al!!Dst all chickens raised under commercial conditions become exposed to 

virus in the environment at an early age. Infection with the virus 

results in persistent MD viraemia. Furthe=re, in flocks that have 

been vaccinated, birds rray be persistently viraemic with the vaccine 

viruses as 'M211 as with MlJ\T. All commercial MD vaccines consist of 

L. N. Payne (ed.), Marek's Disease. Copyright © 1985. Martinus Nijhoff Publishing, 
Boston. All rights reserved. 
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li ve, infectious viruses and they protect against the clinical manifes

tations of MD and not against infection with MDV. Thus, a disease 

outbreak in vaccinated chickens cannot be diagnosed as MD rrerely by 

establishing that the flock was infected with MDV: additional factors 

must be considered. 

The primary objective of this Chapter is to describe procedures that 

may be used to diagnose an outbreak of MD. In addition, procedures to 

diagnose infection of chickens with MDI1 are also given. Although not 

necessary for field diagnosis of MD, detection of MDV infection in 

chickens may be important in research v.Drk and in monitoring the 

disease-free status of specific pathogen-free flocks. 

2. DIAGNOSIS OF A FIELD OUTBREAK 

Evidence thus far clearly shows that the chicken is the only natural 

host for MDV. Outbreaks of MD in other avian species have not been 

reported although antibodies to MD\1 have been detected in sorre captive 

and wild birds (4,5). Lesions suggestive of MD have been reported in 

several avian species incltrling budgerigar, canary, duck, goose, CMl, 

pheasant, pigeon, quail and swan (6-8). Turkeys, although resistant to 

environrrental exposure, develop typical MD characterized by gross 

tumours upon experimental inoculation with large doses of virulent MD\1, 

particular 1 y the GA isolate ( 9-12 ) . The disease in turkeys is of 

interest because MDV may transform B or T-cells in turkeys ( 12-14 ) , 

whereas in chickens, only T-cell transformation has been observed. 

Further, unlike in the chicken, the turkey herpesvirus (HVT) does not 

adequately protect turkeys against experirrental MD (15). Because natural 

outbreaks of MD have not been reported in turkeys, field diagnosis of MD 

in this species is not relevant. 

Factors that must be considered in establishing a diagnosis of MD in 

a chicken flock are discussed belCM. A schematic approach to diagnosis 

is shown in Fig. 1. 

2.1. History of the flock 

Vaccination progranmes, age of the flock and hygiene practices are 

among the most important i terns that should be learnt fran the history. 

Ordinarily, an injection of MD vaccine at hatching results in lifelong 

protection against MD (16). Thus, a vaccination progranme that ensures 
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No nerve lesions. 
Visceral tumours in 
liver, spleen, etc. 

Histologic lesions 
inconclusive 

Diseased 
chickens 

1 
Flock history 

suggestive of MD 

Peripheral nerves 
grossly enlarged ~ 

Histologic examination of tumours 
clearly shows a heterogeneous 
population of lymphoid cells. 

Bursa not involved or inter· 
follicular infiltration in bursa. 

) 

MD diagnosis 
confirmed 

MD diagnosis 
confirmed 

Tumour contains 
MATSA-bearing cells 

_______ -:)~ MD diagnosis 
confirmed 

FIGURE 1. Scheme of field diagnosis of Marek's disease. 
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proper vaccination minimizes the chances of MD outbreaks. However, lack 

of vaccination or the use of faulty vaccine, or improper vaccine adrrUn

istration that does not result in parenteral introduction of the vaccine 

virus into each chick, may provide inadequate protection against envir

onrrental challenge with virulent MDI7. The selection of the vaccine is 

also important. Several types of MD vaccines are in use conmercially 

although HVT is used IlOst widely. Recently, excessive MD losses in 

certain flocks vaccinated with HVT have been partly attributed to highly 

virulent isolates of MDI7 against which HVT did not provide adequate pro

tection under laboratory conditions. A polyvalent vaccine containing HVT 

and vaccine strains of MDI7 may be required to provide adequate protec

tion (17). Thus, HVT may not be the best choice for vaccinating chickens 

that are likely to be exposed to such highly virulent MDI7 isolates. 

Poor management practices resulting in relaxed hygienic measures may 

make the best of vaccines ineffective. Irrproper cleaning and disinfec

tion between hatches may leave an unusually high concentration of viru

lent MDI7 in the environrrent within a house. This virus may provide an 

inmediate, massive challenge to chicks when they are placed in a house. 

Umer corrmercial conditions, chickens are in jected with MD vaccines at 

hatching and usually within hours of vaccination the chicks are placed 

in brooder houses. Because vaccinal inmunity may take several days to 

reach protective levels, massive inmediate challenge with the virulent 

environrrental virus may result in disease outbreak. Inmunologic stress 

resulting fran infection with extraneous disease agents or enviromental 

factors may also reduce vaccine efficacy (18-21) 

The age of the chicken flock when clinical disease appears may be 

important in determining if MD is involved. Whereas MD rray occur at any 

age, gross LL turrours alrrost never occur in birds younger than 16 weeks 

of age and are IlOst COrrrron in chickens that have reached sexual matur

i ty . If turrourous disease is detected in chickens younger than 16 weeks 

of age, MD may be strongly suspected. Leukotic lesions in broilers are 

alrrost always due to MD. Gross turrourous lesions in chickens older than 

16 weeks may be due to LL or MD and require further examination for 

definitive differential diagnosis. 

2.2. Clinical signs and lesions 

MD is characterized by neoplastic proliferation of lymphoid cells in 
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various tissues and organs (22) • The accumulation of proliferating 

cells is particularly cormon in peripheral nerves. This lesion results 

in malfunction of the nervous system and clinical signs may depend upon 

the nerves that are affecterl. The !lOst COIlm::>n clinical sign of MD is 

partial or complete paralysis of legs and wings. In acute outbreaks of 

MD, it is cammon to find a proportion of chickens with rufflerl feathers 

showing signs of severe depression and ataxia. Death usually occurs from 

starvation and dehydration because of the inability of sick chickens to 

reach food and water. 

clinical signs. 

SCIre birds may die without displaying obvious 

A description of lesions of MD is provided in Chapter 3. Briefly, 

the !lOst characteristic gross lesion in MD is the thickening of peri

pheral nerves. The affected nerves appear oedematous, grayish in colour 

and lose cross-striations. In a suspect flock, the diagnosis of MD may 

be confirmed if necropsy examination of sick chickens reveals gross 

lesions in peripheral nerves. Any number of peripheral nerves may be 

involved, although on routine necropsy, diagnosis may be based on exam

ination of vagi, brachial and sciatic plexuses and their trunks. In 

addition to changes in the peripheral nerves, solid lymphoid cell 

turrours may be comrronly found in a variety of organs. In sCIre chickens, 

visceral turrours may be present without detectable involvement of peri

pheral nerves. Gonads, particularly ovaries, are !lOst often grossly 

turrorous although other organs such as liver, spleen, kidney , heart, 

proventriculus and intestine may also show nodular or diffuse enlarge

rrent due to accumulation of lymphoid cells (Fig. 2). In conmercial 

broilers that are routinely inspecterl at processing at 7 to 8 weeks of 

age in the USA, nodular turrours on the skin are often attributed to MD. 

The spectrum of lesions may vary with the strain of MDV and the genetic 

background of the chickens. 

Histologically, a typical MD lesion in the peripheral nerves or the 

visceral organs consists of an accumUlation of !lOrphologically hetero

geneous popUlations of lymphoid cells (Pig. 3). Small, !Tedium and large 

lymphocytes, plasma cells and lymphoblasts in various stages of mitosis 

or degeneration may be present. The heterogeneity of the lymphoid cell 

population is an important characteristic that differentiates MD lesions 

from an LL lesion, in which IlDSt lymphoid cells constituting a lesion 
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FIGURE 2. Gross Marek I s disease tl.IDOur in the ovary and kidney of a 

chicken. 
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FIGURE 3. Histologic appearance of vagus nerve. a) nonnal nerve; b) 

nerve with Marek's disease lesicn. (H & E stain) 
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are rrorphologically uniform blast cells (Fig. 4). Same peripheral 

nerves in MD may exhibit an inflarmatory reaction canprised of inter

neuritic oedema and minor infiltration with small lymphocytes and plasma 

cells. 

An important distinguishing feature between LL and MD is that in LL, 

the bursa of Fabricius is alrrost always turrourous, whereas in MD, 

lesions in the bursa are rare. Further, lymphoid cell infiltration in 

the bursa is intrafollicular in LL and interfollicular in MD. The 

bursal involverrent is pathognorronic for LL. Thus, if in birds of over 

16 weeks of age, gross visceral turrours are consistently accanpanied by 

gross lesions in the bursa, MD may be safely excluded. The disease is 

rrost likely LL. 

Histologic neural lesions sorrewhat similar to those in MD may be 

induced by experimental inoculation with reticuloendotheliosis virus 

(23), but because reticuloendotheliosis is not a naturally occurring 

disease in chickens, a field outbreak in which turrours have a hetero

geneous lymphoid cell accumulation can be attributed to MD. caution 

should be exercised, however, if accidental inoculation of chickens with 

reticuloendotheliosis virus is suspected, as by injecting vaccines con

taminated with the reticuloendotheliosis virus. Such infected chickens 

will possess anti -reticuloendotheliosis virus antibodies. Experirrental 

inoculation of chickens with the reticuloendotheliosis virus may also 

induce turrours similar to those of LL after a long latent period. 

2.3. Detection of MATSA on turrour cells 

If suspect chickens lack characteristic gross or histologic lesions, 

the diagnosis of MD can be confirmed by derronstrating the presence of 

Marek's disease turrour associated surface antigen (Mll.TSA) on turrour 

cells (see Chapters 3 and 4). The proportion of MATSA-bearing cells in 

MD turrours is variable and may range from 2 to rrore than 50% (Fig. 5). 

Because MATSA has not been detected on cells of other turrours, including 

LL turrours, the presence of this antigen on even a small proportion of 

turrour cell suspension may be used as confirmatory evidence that the 

turrour is that of MD. 

To date, irrmunofluorescence (IF) is the only procedure used for 

detecting MATSA-bearing cells. Antibodies against MATSA may be prepared 

by hyperirrmunizing rrarrrnalian hosts such as rabbits by repeated 
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FIGURE 4. Relative norphological appearance of turrour cells in Marek's 

disease and lymphoid leukosis. a) sectioo of a Marek's disease tunour 

in the testis; b) section of a lymphoid leukosis tumour in the bursa. 

(H & E stain) 
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FIGURE 5. Marek's disease tunour cell suspension stained by irrmune 

fluorescence with anti-MATSA serum. a) a field of cells exarninErl under 

fluorescent light; b) same field of cells as in a), examined with 

ordinary light. Note presence of MATSA on SQlTe cells in a). 
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in jections with MD t1.lIlOur line cells (24). Eyperirrmune serum should 

then be extensively absorbed with norrral chicken lymphocytes obtained 

from spleen, thymus and bursa to rerrove non-specific activity. Fully 

absorbed serum should stain a high proportion of the MD t1.lIlOur line 

cells but not normal chicken lymphocytes. The need for extensive 

absorption can be obviated by preparing anti -MATSA serum in chickens 

using a syngeneic system (25). Adult chickens are given repeated 

injections of syngeneic MD t1.lIlOur line cells. Hyperirrmune serum produced 

in this rranner can be used without further absorption although reacti

vity of the serum is generally lower than that of serum prepared in 

rramnals. Recently, IlOnoclonal antibody against MATSA has been developed 

in IlOuse cell hybridomas (26). This highly specific, high titre antibody 

has recently been used to diagnose a field outbreak of MD (27) and 

should prove to be of value as a diagnostic reagent. 

To examine a t1.lIlOur for MATSA, fresh t1.lIlOur tissue should be pre

pared into a single cell suspension in cold phosphate buffered saline 

(PBS). The cells are reacted with unconjugated anti-MATSA antibody, 

washed, and then reacted with the appropriate fluorescein isothio

cyanate-oonjugated anti-irrmunoglobulin preparation. Spleen from a known 

MD-free chicken and MD lymphorra line cells should be included as nega

tive and positive controls, respectively. After staining, the cells 

should be examined under a dark field microscope and the percentage 

showing surface fluorescence should be determined. If the proportion of 

fluorescent cells in the t1.lIlOur cell suspension is significantly greater 

than the background staining in the normal spleen cell suspension, the 

t1.lIlOur may be considered to be caused by MIN. 

2.4. Differential diagnosis of LL and MD 

Viruses of LL and MD are ubiquitous arrong chickens and outbreaks of 

neoplastic disease in chickens over 16 weeks of age nay be caused by 

either virus. Table 1 shows criteria that may be considered to differ

entiate between LL and MD. Differential diagnosis of MD and LL has also 

been discussed elsewhere ( 28,29) • Recent work has shown that of the 

criteria shown, the recognition by serologic rreans of specific cell 

surface antigenic markers on t1.lIlOur cells is the best way to establish a 

defini ti ve diagnosis. If t1.lIlOur cells contain a proportion of cells 

that express MATSA, a diagnosis of MD is confirmed. In a tUIlOur that 
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lacks ~TSA-bearing cells but contains a preponderance of cells (usually 

over 85%) with surface IgM, a diagnosis of LL is firmly established. 

Cell-surface IgM expression can be detected by indirect IF staining of 

viable cells by the use of anti-chicken IgM antibody and relevant 

fluorescein-conjugated irrmunoglobulin. Cell surface markers have been 

successfully used in establishing definitive diagnoses of field cases 

that could not be readily diagnosed on the basis of clinical signs and 

gross lesions (27,30,31). 

TABLE 1. Differential diagnosis of Marek's disese and lymphoid leukosis 

Criteria 

~TSA-bearing cells 

in tunours 

Proportion of IgM

bearing cells in 

tUllDurS 

Age when clinical 

disease appears 

TUllDurs in bursa 

Marek's disease Lymphoid leukosis 

Present Absent 

Usually less than 10% Over 85% 

Over 4 ~eks of age Over 16 ~eks of age 

Usually absent. If Present in 90% 

present, cellular inf il- chickens. Cellular 

tration inter-follicular infiltration intra

follicular 

Enlargement of peri- Usually present Absent 

pheral nerves 

Morphology of lymphoid Heterogeneous popUlation Uniform lymphoblasts 

cells constituting 

tUllDurs 

TUllDurS in skin 

Usual distribution of 

visceral tUllDurS 

Typical clinical signs 

containing blast cells, 

srrall and rredium lympho

cytes and plasma cells 

May be present 

Gonads, liver, spleen 

Paralysis, depression, 

ruffled feathers 

Absent 

Bursa, liver, 

spleen 

Depression, ruffled 

feathers. No 

paralysis. 
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other criteria are also helpful in reaching a diagnosis, especially 

if facilities and reagents necessary for conducting cell surface marker 

tests are not available. All neoplastic disease outbreaks occurring in 

chickens younger than 16 weeks of age are likely to be those of MD. 

Presence of gross lesions in peripheral nerves in MD, and in the bursa 

of Fabr ici us in LL, are helpful in reaching tentative diagnoses. Such 

diagnoses should be followed up by histologic examination of tUllOuroUS 

lesions. Presence of a heterogeneous population of lymphocytes contain

ing blast cells, small, rredium and large lymphocytes, and plasrra cells 

indicates MD, whereas presence of a uniform poulation of lymphoblasts 

indicates LL. 

3. DIAGNOSIS OF INFOCTION 

Chickens rray be infected with MDV wi thout showing signs of MD. Such 

chickens are perrranent carriers of the virus and a source of virus 

infection to other chickens raised in the sarre environrrent, as they 

continuously shed MDV in dander. 

The presence of MDV infection in a flock rray be established by 

isolating MDV or anti-MDV antibody from a proportion of the birds in the 

flock. 

3.1. Virus isolation 

There are several v.ell-established procedures for isolating and 

identifying MDI1. In a well-equipped virology laboratory, isolation of 

MDI1 in cell cultures is probably most convenient although the virus rray 

also be isolated in embryonated chicken eggs or in susceptible chickens. 

3.1.1. Selection of test samples for virus isolation. MDI1 is 

widespread in the tissues of infected chickens, 

tissues rray be used for virus isolation. Because 

associated, it is important that the test sample 

thus a variety of 

MIN is highly cell

consists of viable 

cells. Virus is difficult to recover from chickens that have undergone 

postmortem degeneration. 

Blood and cellular suspensions of 

corrrronly used as test samples. Blood 

tUllOur tissue or spleen are 

is generally preferred because 

repeat samples rray be obtained from the sarre chicken. In chickens 

exposed to MDV at hatch, peak virus titres appear in blood and other 

tissues at about 3 to 4 v.eeks of age; subsequently the virus levels drop 
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but the virus rerrains persistently detectable in the blood and tissues 

(32) . 

3.1.2. Preparation of test samples. Freshly drawn heparinized 

blood, or heparinized blood stored 00 wet ice for up to 24 hours, may be 

used for virus isolation. Thus, blood samples from field cases may be 

shipped to a distant laboratory for testing. Because viral infectivity 

is associated with the white cell fraction in the blood, the infectivity 

of the blood sample may be enhanced by using the buffy coat fractioo for 

virus isolation. Whi te blood cells may also be concentrated by slow 

speed centrifugatioo or by centrifugation on density gradients such as 

Ficoll-hypague or bovine serum albumen (33,34). 

Tumourous tissue or spleen are removed aseptically fran chickens 

immediately after euthanasia and suspended in ice cold PBS and processed 

immediately. The tissues should be minced into small pieces with 

scissors, washed two or three times with PBS to remove erythrocytes, and 

then trypsinized to obtain a single cell suspensioo. The trypsinized 

cells are washed, pelleted and suspended in tissue culture medium or 

PBS. 

Cell-free MOIl may also be isolated from feather tips or skin of 

infected chickens (35,36). Large feathers are pulled fran the body and 

a 3 to 5 rom length of each tip containing pulp is cut off with scissors 

and saved for virus isolatioo. Alternatively, feathers are clipped off 

at the surface of major feather tracts and skin strips are removed and 

minced into small pieces. Feather tips or minced skin are suspended 1: 5 

or 1:10 (w/v) in a buffer containing sucrose, phosphate, glutamine, 

albumen and sodium ethylenediaminetetraacetate (SK:A-EDTA). The 

homogenate is sonicated for 2 to 3 minutes with an ultrasonic ossilator 

(e.g., Biosonic II, Brownell Scientific, Rochester, NY, with the needle 

probe set on intensity of 70). The resulting suspension is centrifuged 

and the supernatant is filtered through a 0.45 11m millipore filter prior 

to testing for the presence of cell-free MOIl. 

3.1.3. Isolation in cell cultures. Monolayer cultures of avian cells 

may be used. Extensive testing has revealed that llI3ITIllalian cells are 

not sui table for MDV isolation ( 37-39) . Cell cultures prepared fran 

chicken kidney (CK) or 10- to 12-day-old duck embryos are most suitable. 

Chicken embryo fibroblasts (CEF) are less susceptible to primary isola-
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tion of rrost field isolates of serotype 1 MlJIJ than are duck embryo 

fibroblasts (OEF) or OK. 

The single cell suspension of fractionated or unfractionated blood 

cells or of tissue cells is inoculated onto preformed llOnolayers of 

permissi ve cells. Generally, a 0.2 ml suspension containing 1 to 10 x 

106 cells is used for each of the duplicate rronolayer cultures pre-grawn 

in 15 x 60 mn plastic cell culture dishes. When whole blood is used, a 

0.1 ml inoculum per cultured dish is adequate. The inoculated and 

uninoculated control cultures are incubated at 370C in a humidified 

incubator containing 2 to 5% CO2' The culture medium is renewed on 

alternate days. The areas of cytopathic effects (CPE) of MlJIJ, termed 

plaques, appear within 3 to 4 days, but are best enumerated 7 to 10 days 

after inOCUlation. 

For cell-free virus isolation from skin or feather tips of test 

chickens, CK cells are rrost sui table. A 0.2 ml portion of sonicated 

feather tips or skin horrogenate is inoculated onto drained CK cell 

llOnolayers. After 30 minutes of adsorption at 370C the medium is added 

to the cultures. Subsequently, rnedium is renewed on alternate days. 

Plaques may be enumerated at 5 to 7 days after inoculation. Because of 

the chelating agent EDTA present in the inoculum, the rronolayer cells 

tend to detach fram the plastic substrate shortly after inoculation with 

the test sample. Upon addition of the growth rnedium, the cells resettle 

and form llOnolayers. 

Occasionally MlJIJ is isolated by preparing rronolayer cell cultures of 

kidney tissue of test chickens. Kidney tissue is minced, trypsinized 

and a single cell suspension is plated into a tissue culture vessel 

using appropriate culture medium. The CPE can be visualized fram 5 to 7 

days after initiation of the cultures. 

The areas of CPE or plaques induced by cell-associated MIJ\7 on CK 

cells and OEF or by cell-free MDV on CK cells are generally similar in 

appearance and consists of clusters of rounded refractile cells. With 

continued incubation, sone cells in the plaques degenerate and slough 

off into the rnedium, leaving behind empty spaces or holes. Upon 

staining with analine dyes, the plaques consist of elongated llOnonuclear 

cells mixed with numerous round or irregularly shaped polykaryocytes 

with sorre nuclei containing intranuclear eosinophilic inclusion bodies 
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characteristic of herpesviruses. 

Virus isolation attempts from field cases may yield serotype 1 or 2 

MDV along with HVT, because most field chickens receive HVI' vaccine at 

hatching. Differences in isolation techniques for serotypes 1 and 2 MDV 

are discussed in Section 3.3. Like MIN, HVI' persists in infected 

chickens. The tissue culture cells susceptible to MIN are also suscep

tible to HVI' and the CPE induced by the two viruses is similar, although 

subtle differences in morphologic appearance of the CPE between the two 

viruses exist and an experienced eye may be able to distinguish between 

the two viruses (40). The morphologic differences between the CPE of 

HVI' and MDV can be best detected in CK cultures. In contrast to MDV 

plaques that develop slowly and rarely extend over 0.5 to 1. 0 rrm in 

diameter, plaques induced by HVI' grow rapidly and may be counted 3 to 5 

days after inOCUlation. By about 7 days after inoculation, HVI' plaques 

reach a diameter of 1.5 to 3.0 rrm. The HVI' plaques are also charac

terized by the presence of balloon-shaped refractile cells that are much 

larger than those seen in MDV plaques. Recently, Cho (41) has reported 

that HVT, but not MDV, may selectively replicate and produce CPE in 

monolayer cells of a continuously propagating fibroblast line (Ql'35) 

deri ved from a chemically-induced tumour of quails. The QI'35 cells may 

be useful for separating HVI' from MDV. Further separation of HVI' and 

MIN in a sample containing both viruses will be considered in Section 

3.1.5. 

3.1. 4. Isolation in embryonated eggs. A 0.2 ml portion of the test 

sample containing cellular suspension (107 cells per ml) or cell-free 

virus is inoculated onto the chorioallantoic membrane (CAM) or intra

venously in 9- to ll-day-old embryonated chicken eggs and the eggs are 

incubated at 370C (42-44). Eggs dying wi thin 24 hours are discarded; 

those dying subsequently are examined for pocks on the CAM. All surviv

ing eggs are examined for pocks 7 days after inoculation. The presence 

of pocks on the CAM indicates virus replication (Fig. 6). There are two 

main disadvantages of virus isolation in eggs. First, viable lymphoid 

cells may initiate pocks in allogeneic embryos due to a graft-versus

host reaction and these pocks may be morphologically indistinguishable 

from those produced by MIN. Graft-versus-host pocks are not produced by 

a cell-free inocultnn, such as the suspension made from feather tips or 



167 

skin. Graft-versus-host pocks may also be avoided by inoculating 

cellular inocula into the yolk sac of 4-day-old embryos and examining 

for pocks 2 W3ekS later (45). The second disadvantage is that MIN and 

HVT produce identical pocks on the CAM, thus making it difficult to 

determine if the test inoculum had MIN, HVT or a mixture of both. 

FIGURE 6. Marek I s disease virus pocks on the chorioallantoic membrane 

of embryonating chicken eggs. 

3.1.5. Isolation in chickens. Newly-hatched chickens with natural 

susceptibility to MD and possibly freedan fran maternal antibodies to 

MIN should be selected. The test sample containing cellular or cell

free MDV should be inoculated intra-abdominally in newly-hatched chicks. 

Three groups of chicks should be used. Group 1 should get the test 

inoculum and groups 2 and 3 should be left uninoculated. Group 2 should 

be raised in the sane isolator as group 1 to serve as a contact-exposed 

control. Group 3, serving as a negative control, should be raised in a 

separate isolator. 

The isolators should be supplied with air passed through absolute 

filters to prevent cross-contaminaticn. Usually, Horsfall-Bauer type 

cages with internal positive or negative pressure are suitable. MD

specific mortality may begin after 4 to 5 weeks of inoculation, although 

the test chickens should be held in isolation until about 8 W3eks of 

age. Chickens that die during the observaticn period should be examined 

for gross and histologic lesions of MD. At the end of 8 W2eks, surviving 
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chickens should be bled for antibody and necropsied. If gross lesions 

of MD cannot be found, histologic sections of peripheral nerves (vagi, 

brachial and sciatic plexuses) and gonads should be fixed in 10% forna

lin and examined microscopically after staining with haematoxyline and 

eosin. For positive isolation, chickens of groups 1 and 2 should have 

antibody and/or lesions of MOIl; group 3 should be free of antibody and 

lesions. If lesions are absent in both groups and antibody is present 

in group 1, but not in group 2, this result probably indicates isola

tion of HVT from the inoculum. Because HVT does not readily spread 

horizontally, the virus induces antibody in inoculated chickens but not 

in contact-exposed chickens. The antibody to HVT serologically cross

reacts with MOIl. In addi tioo to the presence of lesions and antibodies, 

infection with MOIl rray also be confirmed by isolating the virus from 

blood or tissues of test chickens. 

Gross turrours appearing in test chickens can be confirmed to be 

caused by MDV by demonstrating the presence of MATSA as described above. 

Chick inoculation is also useful in isolating MOIl from samples that 

may contain MDV and HVT. Such samples may not induce MD in inoculated 

chickens because of the protective effect of HVT. To identify MOIl in 

samples containing a mixture of the t\\D viruses, virus isolatioo should 

be attempted fran the contact-exposed group (group 2). The isolated 

virus is rrost likely to be MDV because HVT \\Duld not be expected to 

infect the uninoculated contact-exposed group. 

3.2. Identity of the isolated virus 

MlJ\T has rrorphologic and biologic characteristics of other herpes

viruses. Because MDV is highly cell-associated, the vast majority of 

the virions recovered from virus-infected tissue culture oells are 

unenveloped nucleocapsids measuring 90 to 100 nm in diameter, each 

containing 162 capsomeres arranged in an icosohedral syrrrnetry (46). 

Enveloped particles found principally in cutaneous epithelial cells 

appear as irregular arrorphous structures and rreasure 273 to 400 nm in 

diameter. The DNA of MDV has a buoyant density of 1. 70Sg/cm3 and an 

estimated guanine + cytosine content of 46% (47). Cell-free MOIl retains 

infectivity for several rronths at -60CC. Virus is inactivated in 2 

weeks at 4CC, in 4 days at 220 to 25OC, in 18 hours at 37OC, in 30 

minutes at 56CC and in 10 minutes at 60CC (36). 
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The best nethod for oonf irming the identity of virus isolated in 

cell cultures is to stain IOOnolayer cell cultures exhibiting ePE with 

MDIT-specific antibodies. The nost oormonly used procedure for this 

purpose is the IF technique. Monolayer cultures with well-developed 

plaques are fixed in oold acetone and reacted with fluorescein 

isothiocyanate-conjugated MDIT antibody (48). 

3.3. Strain variability of MDV 

NUITErous isolates of MDIT with different in vivo pathogenicity and 

in vitro growth characteristics have been reoovered fran chickens. 

Although there is serological cross-reaction between isolates, the 

degree of cross-reactivity in IF arrl agar gel precipitin (AGP) tests was 

used to classify isolates into two serotypes: serotype 1 and 2 (49,50). 

Serotype 1 includes pathogenic isolates and the tissue culture attenu

ated variants of these isolates. Serotype 2 includes isolates of MDIT 

that readily infect chicks but are nonpathogenic. Recently, IOOnoclonal 

antibodies have been developed using nouse hybridorras that clearly 

distinguish between the two serotypes of MDIT and the serotype 3 herpes

virus, i. e . HVI' ( 51) . The nonoclonal antibodies are nonospecif ic and 

antibodies against a given serotype are free of detectable activity 

against other serotypes. 

Both serotypes of MDV nay be present in the environrrent and 

ccmnercial chickens may acquire infection with either or both serotypes. 

Recently, the use of polyvalent MD vaccines oontaining HVI' mixed with 

serotype 2 MDIT has resulted in the deliberate introduction of serotype 2 

MDIT in many ooncentrated poultry producing areas in the USA and possibly 

in other oountries (17,52-54). 

Serotype 2 MDIT' s , like serotype 1 MDIT' s , spread hor i zontall y anong 

chickens. Virus isolation procedures for serotype 2 viruses are 

generally similar to those described above for serotype 1 virus. Sero

type 2 viruses replicate well in avian cell cultures arrl CEF cells that 

are generally not suitable for primary isolation of serotype 1 virus 

fran chickens work quite well for prirrary isolation of serotype 2 

viruses. The serotype 2 virus CPE, although similar in character to the 

serotype 1 CPE, appears later and spreads nore slowly than that of 

serotype 1 CPE. Presence of serotype 2 virus nay be oonfirrred by stain

ing CPE-bearing cells with serotype-specific IOOnoclonal antibodies in 
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the IF test (51). Separating serotypes from cell cultures containing 

both serotypes of MDV is difficult because both serotypes are cell

associated. Separation of serotypes 1 and 2 nay be further corrplicated 

if HVT is also present in the test sarrple. Because of rapid growth, HVT 

nay spread through the culture and nask the CPE induced by MDV . 

Individual serotypes of MDV nay be cloned by passing cells of single, 

well-isolated plaques from rronolayer cultures naintained under agar. A 

rrore reliable rrethod would be to use cell-free virus from skin of 

infected chickens for cloning in cell cultures. Cloned virus should be 

carefully examined for purity by staining infected cell cultures with 

specific rronoclonal antibodies. 

The isolated viruses of the two serotypes nay be further distingu

ished by inoculating susceptible chicks with cloned virus preparations. 

The unattenuated serotype 1 virus would cause MD in chickens, whereas 

serotype 2 virus would be nonpathogenic but immunogenetic for chickens. 

3.4. Detection of antibody 

Because MDV persistently replicates in chickens, anti-MDV antibodies 

also continue to be produced and can be detected through the life of the 

infected birds. A number of serological techniques have been used to 

detect antibody. The llOSt co!lllK)nly used techniques include the AGP, the 

IF and the virus-neutralization tests. Recent atterrpts on the use of 

the enzyrre-linked immunosorbent assay (ELISA) have also produced promis

ing results (55). It is best to inactivate serum by heating it at 560C 

for 1/2 hour prior to testing for antibody. 

In the AGP, the serum is reacted with MDV antigen in an agar sub

strate (56). The antigen for this test nay consist of disrupted (by 

sonication or repeated freezing and thawing) tissue culture cells with 

advanced MDV CPE. Alternatively, skin extract or feather pulp obtained 

from large feathers of the najor feather tracts of infected chickens nay 

also be used as antigen (57,58). A 1% suspension of Nobel agar in PBS 

containing 8% NaCl is solidified on glass slides or in petri dishes. 

After the agar solidifies, one central and six peripheral equidistant 

wells, each 3 mm in diarreter and about 3.5 mm apart, are cut with a 

terrplate. The central well is filled with antigen. The peripheral 

wells in numbers 1 and 4 ( top and bottom) positions, are fi lled with 
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a known MD positive serum and the rerraining wells are filled with 

various test sera. The reagents are diffused for 24 to 72 hours at room 

terrperature or at 37OC. In a specific antigen-antil:xxly reaction, the 

precipitin band should form a line of identity with the band produced by 

the known positive serum. Certain sera may produce multiple precipitin 

bands. The Il'Ost prominent band is attributed to the A antigen of MDV 

that is released into the medium of infected cells, whereas other minor 

bands are due to other antigens that may be cell-associated. 

For detecting antil:xxly by the IF test, the antigen, which consists 

of acetone-f ixed Il'Onolayer cell cultures with MDV plaques, is reacted 

wi th serum antil:xxly (59). Both direct or indirect IF tests have been 

used. In a direct IF test, each test serum must be conjugated with 

fluorescein isothiocyanate dye, whereas in an indirect test, the antigen 

is first reacted with unconjugated test serum and then with dye

conjugated anti-chicken immunoglobulin usually of mammalian origin. 

Because a cormon source of conjugated reagent can be used in an indirect 

test, this test is preferred when multiple test sera need to be screened 

for antil:xxly. The fluorescence is also brighter in the indirect test 

than in the direct test because of the multiple layer effect. 

The virus neutralization test (36) is not comrronly used for routine 

diagnosis because cell-free MIJIJ required for the test is difficult to 

obtain. The cell-free MDV generally obtained from skin extracts of 

infected chickens should have a titre of about 103 plaque-forming units 

per ml or higher. workable quantitites of cell-free virus may also be 

obtained by disrupting cell cultures infected with attenuated serotype 1 

MIJIJ (L.F Lee, unpublished results). One part of 2- or 10-fold dilutions 

of test serum and 4 parts of virus suspended in SPGA-EDTA buffer are 

reacted for 30 minutes at 370C or at roan temperature. Subsequently, 

0.2 ml of the mixture is inoculated onto preformed chicken kidney cell 

nonolayers. Plaques are enumerated 6 to 8 days later. The titre of 

serum is the reciprocal of the serum dilution that reduces the virus 

titre by 50%. Appropriate known positive and negative serum controls 

should be included in the test. 

3.5. Distinguishing MDV and HVT antil:xxlies 

Most vaccinated cornrercial chickens possess antil:xxlies to both HVT 

and MIJIJ. Because of cross-reaction, it is quite difficult to distinguish 
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between the two types of antil:xrlies. The following p:Jints nay be of 

assistance: 1) In an indirect IF test, HVI'-infected cells show nuclear 

staining when reacted with MDV antil:xrlies but nuclear and cytoplasmic 

staining when reacted with the homologous antil:xrly. In the HVI' homologus 

reaction, the cytoplasmic staining appears granular. When MDV infected 

cells are reacted with anti -MDV or anti -HVI' antisera, the staining is 

diffused through the entire cell although the homologous reaction is 

more prominent than the heterologous reaction, 2) The serum containing 

HVT antil:xrly alone will have a higher virus neutralization titre against 

homologous virus than against the 

antil:xrlies against both MDV and 

neutralizing activity against 
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7 • n-tIDNITY 

P.C. PCWELL 

1. INTRODUcrION 

Imnune responses in Marek's disease (MD) are canplicated by antag

onism between imnuni ty on the one hand and imnunosuppression on the 

other. Lymphocytes are responsible for rrounting imnune responses, sane 

of which rray contribute to protection while others rray be involved in 

the pathology of the disease, and it is the same cell type that is the 

prirrary target for infection with Marek's disease virus (MDV). Infec

tion rray be lytic, resulting in cell death, or it rray lead to rralignant 

transforrration; both types of infection appear to be associated with 

imnunosuppression. It is assurred that an efficient host imnune response 

limits the extent and spread of virus replication, and also contributes 

to the regression and rejection of tumour cells. At the same time virus

induced imnunosuppression will be acting to limit the effectiveness of 

these responses. The outcane of infection therefore depends upon a 

balance between the imnune responses provoked by the virus and turrour 

antigens and the imnunosuppression caused by the replication of the 

virus in the lymphoid organs. Nevertheless, the importance of the 

imnune system in ensuring that this internecine struggle results in a 

satisfactory outcane fran the chicken's point of view has been amply 

derronstrated by the success of a variety of live virus vaccines against 

MD (1). 

2. EXPRESSION OF n-MUNITY 

Infection of a chicken with MIN does not necessarily result in 

disease and a number of factors affect oncogenesis. These can be 

classified as properties of the infecting virus, of the infected chicken 

or of the environment (2). Thus the dose of infecting virus, and rrore 

L. N. Payne (ed.), Marek's Disease. Copyright © 1985. Martinus Nijhoff Publishing, 
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p:irticularly, the virus strain have an important influence. SCIlll2 virus 

strains appear to be totally non-oncogenic, even when given in very 

large doses, possible because they lack the genes conferring trans

forming potential (3). Host characteristics contributing to resistance 

to the developm2l1t of disease inclu::le genotype, sex, age and p:issively 

or actively acquired irrmunity. Environmental factors are also important; 

outbreaks of MD in corrmercial poultry are often associated with rranage

ment practices assumed to cause stress, such as handling and movement of 

birds, vaccination against other diseases, debeaking and dietary changes 

(4). It is assumed that these stressors operate by reducing the efficacy 

of irrmunosurveillance mechanisms. 

The properties of the host that determine the outcorre of infection 

may be classified as innate, p:issively acquired or actively acquired. 

2.1. Innate resistance 

2.1.1. Genotype. The genotype of the host greatly influences the 

outcorre of infection by MD\1, affecting mortality, the distribution of 

virions and the type of lesions (see Chapter 11). These differences 

can be observed within conrnercial strains of fowl and between inbred 

lines. It has been known for rrany years that resistant and susceptible 

strains of chickens could be produced by artificial selection based on 

sib and progeny testing. For example, in four generations a resistant 

line with 6.5% susceptiblility and a susceptible line with 94.4% suscep

tibility ~re derived from random bred stock with 51.1% susceptibility 

(5,6). Cole and Hutt developed the resistant strains K and C and the 

susceptible S strain (7). After 20 years of breeding the mortality of 

these three strains after experimental exposure to MDV was 0.8%, 1.5% 

and 38.3% respectively. Similarly, waters (8) developed the resistant 

strain line 6 and the susceptible strain line 7. 

Two distinct genetic loci have been implicated in controlling 

genetic resistance (4). An association exists between resistance to MD 

and genes of the erythrocyte antigen group .§. (Ea-B) locus, the rrajor 

histocompatibility locus of the fowl. The B21 allele is strongly 

associated with resistance, and this allele is widely distributed in 

poultry populations inclu::ling the progenitor of domestic poultry, the 

Red Jungle Fowl, suggesting that it has survival value for the species. 

Other alleles at the B locus (82, B6) also confer sCllll2 resistance. In 
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spite of this, information about the second locus controlling resistance 

has come fran the t\\U inbred chicken lines 6 and 7 (respectively highly 

resistant and highly susceptible) which are both hOllOzygous for the B2 

allele. In these birds the Ly-4 locus which controls T-lymphocyte anti

gens has been identified. The characteristic allele of line 6 is Ly-4a , 

and that of line 7 is Ly-4b . An association between the presence of 

these alleles and response to MD was found, although their influence was 

confounded by other alleles. 

2.1.2. Sex. Sex influences the distribution of MD lesions and the 

incidence of gross lesions and rrortality (2). The ovary is rrore likely 

than the testis to be involved in lymphoma formation, and females are 

rrore susceptible to clinical disease than males, by up to t\\U times. 

The sex effect is not always seen, and it appears that sex affects 

rrortali ty rrore than total gross lesions, indicating that males survive 

longer than females. The expression of the sex effect depends upon the 

strain of virus involved (9). 

2.2. Passively acquired resistance 

Chickens that are infected with MIN, but do not succumb to the 

disease, carry the virus for the remainder of their lives. This results 

in a relatively high antibody response to the virus, and the transfer of 

maternal antibody to the chicken via the yolk sac (10). The effects of 

maternally-derived antibody may be mimicked by the passive administra

tion of serum ( 11) • Four main effects of maternal antibody on the 

development of MD have been observed: 1) lower rrortali ty , 2 ) delayed 

onset and increased latent period to death, 3) a reduction in turrour 

formation, and 4) suppression of the acute destructive lesions of the 

lymphoid and haematopoietic tissues that result fran the acute cytolytic 

infection with MIN which occurs in the al:sence of maternal antibody. 

The protection provided by maternally derived antibody can be enhanced 

by repeated inrnunization of breeding hens with MIN (12). Maternal 

antibody to both MDV and to HVT may interfere with onset of vaccinal 

inrnuni ty (4). 

2.3. Actively acquired resistance 

2.3.1. Vaccination. Since the development of the first vaccine by 

attenuation of a virulent strain of MDV in tissue culture (13), vaccina

tion has becorre widely practised (see Chapter 8). Chicks are usually 
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inoculated with live vaccine at 1 day of age. Protection against 

challenge develops quickly but maximal protection depends upon an inter

val of 1 to 2 weeks between vaccination and exposure to virulent virus. 

This is sOllEtimes difficult to achieve on poultry farms, particularly on 

mUlti-age sites, and premature challenge accounts for at least some 

instances of vaccine failure. 

There are three types of live vaccine against MD: 

MDV, 2) apathogenic MDV and 3) herpesvirus of turkeys 

1) attenuated 

ClWI') (2,4). 

These vaccines behave in inoculated chicks free of maternal antibodies 

in a manner similar to pathogenic MDV in terms of virus localizaticn. 

Degenerati ve and regressive lesions are, however, minimal and viral 

antigens are rarely seen (14) despite the presence of latently infected 

cells. None of the vaccines against MDV prevent super infection with 

virulent virus, but they do prevent the early cytolytic infecticn, and 

virulent virus viraemia and virus shedding from the feather follicles 

are reduced (15). Vaccinated chickens that are exposed to virulent MDV 

becollE chronically infected with both the vaccine virus and the 

challenge virus. The presence of the virulent virus in a latent state 

implies that should surveillance be lowered, clinical disease may 

result. 

2.3.2. ~. A second type of acquired resistance is "age resis

tance" . Older chickens are often more resistant to MD than young birds 

(16) • There appears to be a relationship between age resistance and 

genetic resistance since genetically resistant strains free of maternal 

antibody may be susceptible when infected at hatching, but resistant 

later in life; conversely, genetically susceptible strains develop 

disease irrespective of the age at which they are infected (17). 

3. IM-1UNE RESPONSES 'ill MAREK'S DISEASE-ASSOCIATED ANTIGENS 

In the context of the present discussion of inmuni ty, MD-associated 

antigens are important because of the immune responses that they 

stimUlate. They are described in detail in Chapter 4. For the present 

it is sufficient to say that they can be divided into t\\D categories, 

viral antigens and tumour antigens. Virus-related antigens may be 

detected in permissive cells infected in vitro, and in the feather 

follicles, bursa, thymus, spleen and other tissues of chickens infected 
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wi th MIN (2,4). The relationship between antigens detected by imnuno

logical techniques, structural canponents of virus particles and viral 

polypeptides has not been defined. 

Lymphoblastoid cells transforned by MIN express a rrembrane antigen 

which is believed to be a marker for neoplastic transforrration (18). 

This "Marek's disease tl.lIlDur associated surface antigen" (MA.TSA) (19) is 

rrost easily seen on lymphoblastoid cell lines grCMl1 in vitro, but it is 

also carried by a proportion of the cells in MD lymphomas, although it 

is induced not only by virulent strains of MIN but also by non-oncogenic 

(20) and attenuated MIN (21), and by HVT (20,21). It is distinct fran 

the viral antigens of productively or abortively infected cells. MATSA 

is probably related to norrral cellular antigens, and it may be a virus

modified histocanpatibility antigen (22). MD lymphoma cells and cultured 

lymphoblastoid line cells also express other antigens including a 

chicken foetal antigen (23), and an la-like antigen (24) as well as 

heterophile antigens. 

3.1. Antibodies 

Antibodies against virus antigens can be detected in sera fran 

infected birds by precipitation in agar gel (10), imnunofluorescence 

(25), virus neutralization (26,27), indirect haemagglutination (28), 

canplerrent fixation (29) and enzyrre-linked imnunosorbent assay (30), 

These antibodies are directed against internal antigens, rrembrane 

antigens and virus envelope. Precipi tating antibodies may be detected 

between 7 and 14 days after inoculation with MIN (31). There is no 

relationship between the developnent of precipitins and recovery fran 

infection (26). Fluorescent IgM antibody was observed between 5 and 12 

days after inoculation with MDV (31). This corresponded to the initial 

detection of neutralizing antibody. IgG antibodies first appeared after 

7 or 8 days and then gradually increased, particularly in resistant 

birds, paralleling the increase in neutralizing antibody. Neutralizing 

antibodies peaked between 6 and 12 days, followed by a drop, and then a 

gradual rise in titres for several ~s. The levels \\Bre generally 

higher in resistant birds, and a correlation between neutralizing 

antibody level and survival in genetically resistant birds has been 

observed (26). 

There is little evidence for a significant hl.lIlDral response against 
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MD turrour cells. Antibcrlies against MATSA can be raised in chickens by 

the inoculation of lymphoma or of MD lympoblastoid line cells (19,32) 

but they have not been derronstrated in convalescent MDV or HVI'-infected 

chickens. Sera from MDV or HVI'-infected birds were not cytotoxic to 

MSB-l lymphoblastoid line cells in complement-dependent cytotoxicity or 

AIlCX: tests, suggesting absence of anti -MATSA acti vi ty (33, 34) . Hurroral 

cytotoxic activity has been derronstrated in sera from chickens immunized 

with inactivated MSB-l cells but this is unlikely to have been specific 

for MATSA. Despite this, it has been observed that the passive adminis

tration of serum from convalescent birds hastened the regression of 

transplantable MD turrours (35), presumably through the activity of cyto-

philic antibodies acting alone or in combination with lymphoid cells. 

3.2. Cell-mediated responses 

The first direct evidence 

against viral antigens in MD 

for a cell-mediated 

came from delayed 

immune response 

hypersensitivity 

reactions to various MD-associated antigens in chickens with r,aturally 

occurring infections (36). Stronger reactions were elicited with 

cellular antigens, probably B and C antigens, than with a soluble 

antigen (A antigen) and the extent of the response was correlated with 

the presence of gross lymphomatous lesions. The inhibition of 

leukocyte migration in vitro has also been reported (37). 

Activity against cell-free virus or against infected cells has been 

derronstrated in vitro. B-cells were thought to be involved in the 

inactivation of cell-free MIN by peripheral blood lymphocytes (38), and 

B-cells with anti-viral immunity were found in the spleens of infected 

chickens ( 39) . Ross, however, derronstrated the presence of effector 

T-cells in a plaque inhibition test (40). Lymphocytes from birds 

immunized with attenuated MDV inhibited plaque formation in cells 

infected with virulent MIN. Plaque inhibition was mediated by 

sensitized T-cells which interacted with virus-specific antigens at the 

surface of infected leukocytes or kidney cells. Interestingly, this 

inhibitory activity was not restricted by major histocompatibility com

plex antigens; inhibi tion occurred whether the infected target cells 

~re syngeneic or allogeneic with the sensitized T-cells. Ho.vever, the 

activity is relatively specific for either MDV or HVI'; lymphocytes from 

birds vaccinated with HVI' had limited activity against MDV-infected 
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target cells, and similarly, those from MIN-inoculated birds had limited 

acti vi ty against HVI'-infected targets. This specif ici ty, however, was 

lost When either anti-MIN or anti-HVT antisera were added to the system, 

so that, for example, anti-HVT antiserum could act in conjunction with 

norrral or with HVT-sensitized lymphocytes against MIN-infected target 

cells (41,42). Cell-rrediated cytotoxicity against MD lymphoblastoid 

line cells has been demonstrated in vitro (43-46). Spleen cells or 

peripheral blood lymphocytes fram chickens infected with various strains 

of MIN or HVT are cytotoxic against target cells labelled with 

(5lcr)-sodium chronate <14,47), (3m-proline (48) or (35S)-rrethionine 

(34). Activity appears soon after infection with pathogenic, apatho

genic or attenuated strains of virus, and seems to peak at about 8 days, 

coinciding with the appearance of MATSA in the spleen (49), although the 

reported association between cytotoxic acti vi ty and the stage of infec

tion is extrerrely variable. The effector cell involved has been shown 

to be a T-cell (50). The degree of specific isotope release was low in 

all reports, but it nay be increased by treatrrent of the lymphoblastoid 

targets with neuraminidase (50), presurrably by enhanced exposure of the 

relevant tlmOur-associated antigens. The antigens involved in this 

imnune attack are unknown. An oblTious candidate is MATSA, but Schat and 

Murthy (51) showed that MATSA could be removed from target lymphoblas

toid cells by treatrrent with papain without influencing the results of 

the chromium release assay, and blocking MATSA with specific antiserum 

also failed to alter specific release. Another possibility ~uld be a 

LYDMA-like antigen on MD tlmOur cells. The significance of the results 

of the in vitro isotope release assays is in question, however. It nay 

be that the observed cytotoxicity is an artefact because !lOst reports 

are of reactions between allogeneic effector cells and target cells. 

Where the najor histocompatibility antigen was shared between target 

cells and effector cells very little or no specific release was observed 

(52,53). The minor histocompatibility antigens also have some influence 

on the degree of specific release ( 53 ) • In addition, it is not clear 

that these observations indicate the presence of an effective anti

tlmOur irrmune response as Dambrine et al. (48) found cytotoxicity only 

wi th effector cells from turrour-bearing donors. Other ~rkers were 

unable to associate the cytotoxic activity of leukocytes fram individual 
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chickens with the outcorre of infection (46,54) although, on a group 

basis, chickens showing lower rrortality or incidence of gross lesions 

because of genetic or age resistance did exhibit higher cytotoxicity. 

Sensi tized T-cells fran convalescent chickens or fran those 

vaccinated with attenuated MDV were found to be cytotoxic not only to 

chicken kidney ce1ls infected with MDV in vitro but also to latently 

infected lymphocytes isolated from infected birds(40,55). This activity 

was thought to be ITEdiated through an antigen COITmJ!1 to abortively 

infected, non-lymphoid ce1ls and non-productively infected lymphocytes, 

although such an antigen has not been derronstrated serologica1ly. Such 

an inmune response v.Duld be capable of eliminating infected, non

transformed lymphocytes and could account for the fa1l in titres of 

infected cells in the spleens and other tissues of resistant birds after 

the first week fo1lowing infection. Most of these ce1ls express no 

virus antigens detectable by inmunofluorescence, and of those with 

internal antigens soon after infection, very few have virus rnenbrane 

antigens: it is therefore unlikely that this inmune response is directed 

against virus-specific antigens. 

The relationship between the lymphocyte-deterrnined membrane antigen 

and the antigens on transformed ce1ls is not clear. As inmunization 

with inactivated tumour ce1ls had no effect on the behaviour of the 

virus after infection, it seems probable that different antigens are 

involved. In contrast, the successful inmunization against the MD 

transplant JMV, which lacks virus-specific antigen, with inactivated 

infected chicken kidney ce1ls (56) raises the possibility of shared 

antigens between abortively infected epithelial ce1ls and transformed 

lymphoblasts. 

3.3. Antibody-dependent cell-ITEdiated cytotoxicity (ADCC). 

It is likely that both direct ce1l-ITEdiated cytotoxicity and ADCC 

directed against virus-infected ce1ls are important in contro1ling the 

spread of cell-associated virus in infected chickens. ADCC has been 

demonstrated with antiserum from MDV- or HVT-infected birds, which, in 

conjunction with normal splenic or blood lymphocytes is cytotoxic to 

cells infected with either virus (41,42). ADCC activity against lympho

blastoid line cells has not been found in serum fran infected birds, but 

was in serum from chickens inmunized with the lymphoblastoid cells thern-
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selves (43). 

3.4 Macrophages 

Macrophages, or their reticultml cell precursors, appear to be a 

target cell for MlJIJ infection although attempts to infect them in vitro 

have been unsuccessful. They may have a role in imnunity to MD. Treat

rrent with silica particles caused a delay in the appearance of clinical 

signs in susceptible birds, and also reduced the amounts of fluorescing 

virus antigen in the thymus and bursa at 5 days after infection (57). 

Contrary to expectation, however, the silica treatrrent was found to 

increase the number of glass adherent cells in the peripheral blood by 

up to lO-fold, and it was suggested that silica treatment induced macro

phage proliferation, and consequently restricted virus replication or 

spread. In contrast, inoculation of antimacrophage sertml or trypan blue 

suppressed macrophage function in vivo and was associated with elevated 

virus ti tres and increased turrour incidence, supporting an imnunosur

veillant role for macrophages (58). 

Macrophages from infected chickens have been shown to restrict MlJIJ 

replication in vitro, and also to influence the proliferation of 

lymphoma cells in the spleens of infected chickens ( 39 ) . Macrophages 

also inhibited the DNA synthesis of MD lymphoblastoid line cells in 

vitro (59)' The antiviral effect appeared to be rrediated through a 

cooperative action of macrophages and antilxrly (39,60). It has also 

been shown that macrophages can inactivate cell-free MlJIJ in cooperation 

with B-cells (38). At least some of the activity of macrophages may be 

attributable to their regulatory function with regard to T-cells. This 

could explain their activity in suppressing the mitogenic response of 

spleen cells at 1 week after virus infection (59). This effect, and the 

restriction of lymphoblastoid cell line growth, is seen both with macro

mages from infected birds and wi th normal macrophages when present in 

large nt.mlbers (61), suggesting that the effect observed may result fran 

the amplification of a normal menamenon. 

3.5. Interferon 

Interferon may be produced as a response to infection with some 

strains of MlJIJ and HVT ( 62 , 63 ), and levels were found to be higher in 

resistant than in susceptible birds ( 64) • Interferon had a protective 

effect against the JMV transplantable tUIlOur ( 65 ) . It might play some 
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role in the initial host response to MIJV; however, an effect w::mld be 

expected soon after infection, yet as a general rule, early pathogenesis 

is unaffected by resistance factors such as age or genetic resistance. 

Additionally, not all strains of virus induce interferon, so that it is 

unlikely to be essential to MD resistance. 

3.6. Natural killer cells 

Apart from the activity of normal macrophages against MD tumour 

cells, spleen cells fran certain strains of chickens were found to be 

cytotoxic to MD lymphoblastoid cell lines in vitro (66) . It was 

possible to transfer protection against the JMV transplantable tumour by 

injecting non-macrophage, non-T, non-B cells from 8-week-old chickens 

into younger birds suggesting a role for natural killer cells in age 

resistance to this transplant ( 67 ) . They may also be invol ved in 

genetic and vaccinal resistance. Natural killer cell activity was found 

to be inhibited in susceptible chickens during the developm2nt of MD, 

but activity was enhanced in genetically resistant or vaccinated 

chickens following infection with MIJV (68). 

4. CCNTRIBUTICN OF IMMUNE RESPONSES TO THE EXPRESSICN OF ll'MUNITY 

The preceding section of this chapter has dealt with the imnune 

responses that have been documented in MD. The mere demonstration of a 

particular imnune response does not imply that it is important in con

ferring resistance. It is now necessary to consider the contribution 

made by the different imnune reactions to the various types of innate, 

passively or actively acquired resistance described earlier. 

4.1. Innate resistance 

4.1.1. Genetic resistance. As mentioned previously, two distinct 

genetic loci are associated with genetic resistance. It now appears 

that the two types of genetic resistance are mediated by distinct 

mechanisms, although in neither case does resistance reside at the level 

of cellular susceptibility to infection as cells from different genetic 

strains replicate MDV equally well in vitro. Resistance associated with 

the B21 allele is believed to depend upon differences in imnunosur

veillance and perhaps therefore should be properly regarded as a form of 

acquired rather than innate resistance. In contrast, the line 6 type of 

resistance which is associated with the Ly-4 locus is present at 
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hatching and is believed to depend primarily on differences in suscep

tibility of the presumed target cell for MDV, the T-lymphocyte. Compared 

wi th chickens of the susceptible line 7, line 6 chickens develop low 

titres of virus in the blood and the lymphoid organs, and this differ

ence is seen in situations where the immune system would not be expected 

to have any influence, for example, immediately after infection and in 

chick embryos (69). Significant differences were also noted in the size 

and cellular canposi tion of the lymphoid organs of the two lines (70). 

Direct evidence for a target cell difference between the lines was 

provided by two experirrental approaches. The transplantation of line 7 

thymuses into thymectomized line 6 chickens conferred susceptibility on 

line recipients, although the reciprocal procedure did not make line 7 

chickens resistant (70,71). Line 7 lymphocytes were also shown to be 

rrore susceptible to infection by MIN in vitro (711. Nevertheless, 

immunosurveillance appears to have some part in line 6 resistance 

because thymectomy increased susceptibility in this line, implicating 

cell-rrediated immunity. Bursectomy, however, did not influence the 

expression of resistance (72) , showing that antibodies are not 

essential, although neutralizing antibody titres are lower in line 7 

than in line 6 chickens (27) , presumably owing to immunosuppressioo. 

Similarly, macrophages are thought not to be involved in this type of 

genetic resistance (73). Higher antiviral and anti-turrour cell-mediated 

immuni ty has been observed in line 6 compared wi th line 7 chickens 

(46, 69 ), accanpanied by the disappearance of MATSA-bear ing cells in the 

spleen of the resistant chickens. These results suggest that immune 

rrechanisms are effective in line 6 chickens because of the innately 

lower levels of lymphocyte infection (and hence of immunosuppression) 

and of transformatioo. 

Resistance associated with the B21 allele has sorre characteristics 

in comrron with resistance seen in line 6 chickens. Thus resistance is 

not abolished by bursectomy (74) although resistant birds have higher 

virus neutralizing antibody titres (26). The lower titres seen in 

susceptible birds are due to the immunosuppressive effects of MDV 

infection rather than to an inherent inability to produce antibodies 

because susceptible and resistant strains develop similar levels when 

infected with non-pathogenic strains of MIN (31,75). Lymphooa incidence 
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in resistant chickens is increased by thyrrectomy (76), as in line 6. It 

is noteworthy that thyrrectomy decreased lymphoma formation in line 7 and 

other susceptible chickens (77), presumably by diminishing the number of 

target cells available for transformatioo. The differential effect of 

thyrrectomy 00 lymphoma formation in susceptible and resistant lines 

might be predicted as T-cells provide both targets for transformation 

and effectors for the elimination of virus and of transformed cells (2). 

In other respects, resistance associated with the 821 allele differs 

from that described for line 6 chickens. The early virological events 

are similar in resistant and susceptible birds (78) but a significant 

difference in the behaviour of MIN occurs between 7 and 10 days after 

the period of cytolytic infection. There is an apparent restrictioo of 

infection in resistant birds, shown by a fall in virus ti tres in the 

blood and spleen (78), which coincides with the develo~t of hurroral 

antibodies and of cell-rrediated imnunity. MATSA-bearing cells also 

appear simultaneously in the t\\D types of bird, but disappear in 

resistant birds (79) . The transfer of the thymus from susceptible 

chickens to thyrrectomized resistant chickens did not influence lymphoma 

formation; in contrast, the reverse procedure, transferring thymus from 

resistant to susceptible chickens rendered the recipients more resistant 

(76) . These results sugest that resistance linked to the 821 allele is 

mediated by a superior immune response to MD-associated antigens, 

resulting in the suppression of virus replication and rejection of 

transformed cells. Natural killer cells may also be involved in this 

type of genetic resistance (68). 

4.1.2. Sex. The effect of sex has not been widely studied and the 

IlEChanism involved is unknown. Treatment of chickens with androgenic or 

oestrogenic hormones did not influence the outcome of infection with 

MIN. 
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4.2. Passively acquired immunity 

The protective effects of rraternal antibody are attributable to the 

observed reduction in virus replication shown by lowered levels of 

leukocyte-associated viraemia and reduction in virus antigen production 

in the lymphoid organs. Passi ve antibody reduces the number of tissues 

wi th viral antigen and the arrount of antigen in ]X>si ti ve tissues is 

lowere::1, and fewer infecte::1 cells can be detecte::1 (11,80). It prevents 

bursal atrophy and lengthens the latent period for antigen and cell-free 

virus production in the feather follicle epi theli um (81). The initial 

response to infection is a proliferation of lymphoid tissue, containing 

only a minor reticulum cell element with no intranuclear inclusion 

bodies. The presence of antibody was found to delay the disappearance 

of the dense granular lymphocytes first seen in the lymphoid organs at 3 

days after infection and it tended to inhibit regressive changes and the 

appearance of cell debris, pale reticulum cells and rracrophages (82). 

Virions were not seen. 

As rrost MIJiT is present in an infected chicken in an intracellular, 

cell-associated form, virus neutralization itself presurrable does not 

occur. Camplernent-dependent cytotoxicity and ADCC rray reduce the number 

of cells carrying virus. Burgoyne and Witter (81) inoculate::1 cell

associated MIJiT into passively irrrnunize::1 chickens and described neutra

lization in vivo whose effect, however, was greater against cell-free 

virus. A similar effect was noted when MIJiT-infected cells were injected 

into the antibody-containing yolk of Embryonated eggs (83), or when MDV

infected cells were mixed with irrrnune serum and inoculated onto chick 

kidney cell cultures (84), Sorre strains of MIJiT, e.g. GA strain, rray 

spread through the animal, at least partly, as cell-free virus in the 

plasma, and would be directly available to neutralizing antibody. 

The effect of maternal antibody on the arrount of MIJiT in the tissues 

would probably have a direct effect on the development of lymphomas, for 

it is known that there is a correlation between the levels of leukocyte

associated infecti vi ty and subsequent turrour forrration (27,85,86). An 

early sparing of the lymphoid tissues by rraternal antibody could protect 

the irrrnune system from darrage, maintain surveillance and reduce the 

level of infection and viraemia, thus reducing the chances of inter

action between virus and potentially transforrred target cells. There is 
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also the possibility of a direct effect of antibody on the expression of 

the virus genome in transformed cells, for virus particles have not been 

seen in lymphona cells from antibody-positive chicks (82). Antibodies 

capable of mediating MD tumour cell aggression may, in part, account for 

the influence of naternally derived antibody on the development of the 

disease (35). 

4.3. Actively acquired resistance 

4.3.1. Vaccination. Vaccinal resistance is probably mediated by a 

conventional imnunological process. Other possible explanations, such 

as virus interference, are not consistent with successful irrmunization 

using inactivated antigens (87). It has also been shawn that HVT and 

MDV genomes can co-exist in individual cells of a T-lymphoblastoid cell 

line (88). The importance of the imnune systEIll is also indicated by the 

development of various imnune responses against viral and tumour 

antigens in vaccinated birds, and the abrogation of vaccinal irrmunity by 

treatment with the imnunosuppressive drug cyclophosphamide (89). 

Irrmunity induced by vaccination seems to have anti-viral and anti

tumour components. Anti-viral effects are to be expected in view of the 

antigens CO!ll'OCll1 to vaccine and pathogenic strains, and neutralizing 

antibodies and anti viral cytotoxicity develop in vaccinated chickens. 

Both HVT and attenuated MDV have been shawn to protect against the early 

cytolytic infection caused by the virulent virus, and the normally 

observed irrmunosuppression is prevented by prior vaccination (15). The 

vaccine viruses also provoke irrmunity against tumour antigens, presum

ably as a response to MATSA or other tumour-associated antigens that 

they induce in vaccinated birds. 

limited transforming potential, 

Vaccine viruses, therefore nay have a 

sufficient at least to stimulate an 

irrmune response. Unchallenged HVT-infected birds develop a persistent 

viraemia and mild, transient lymphoproliferative lesions in the nerves 

and gonads, suggesting a limited transformational event (15). Cytotox

ici ty against MD cell lines can be assayed in vitro, and HVT, attenuated 

or non-oncogenic MDV (SB-l) can all irrmunize chickens against a variety 

of MD transplantable tumours (90,91), including the transplant JMV which 

does not possess viral antigens and lacks rescuable MDV but which 

expresses MATSA. These viruses all stimUlate the appearance of MATSA

bearing cells and of lymphocytes cytotoxic to tumour cells: however, 
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inactivated preparations of the viruses are unable to irrmunize against 

the JMV transplant (91,92), enphasizing the importance of tum:mr anti

gens in this type of protection. 

The absence of anti-tumour irrmunity may also account for the failure 

of HVI' to protect turkeys against the oncogenic effects of MDV (93), as 

HVI' infects turkeys but does not induce the appearance of Ml\TSA in this 

species (94). In contrast, irrmunization with an attenuated strain of 

JMV was found to protect against challenge with low-passage tumorigenic 

JMV but not against primary tumours caused by MDV (95). 

These findings are consistent with the "two-step" rrechanism of 

resistance originally suggested by Payne et al. (2). This envisages an 

initial resistance to virus replication and spread; the reduced level of 

virus activity would result in a lowered incidence of malignant trans

formation and at the sarre tirre the lymphoid system 'MJuld be spared the 

irrmunosuppressi ve effects. The second step 'MJuld be an irrmunological 

rejection of transforrred cells, independent of the earlier virological 

events, although influenced by then to the extent that irrmunosuppression 

and lymphocyte transformation occur. Virus and tumour-specific antigens 

respectively 'MJuld stimUlate these responses. This hypothesis has 

gained support from the reports of successful irrmunization against MD 

using inactivated viral or tumour antigens; in these experiments it was 

possible to dissociate the irrmune repsonses to the two types of antigen. 

Inactivated soluble or insoluble proteins extracted fram infected 

cultured cells, or inactivated whole infected cells, w=re found to pro

tect against MD by inducing irrmuni ty against virus antigens (96,97) • 

Similarly, inactivated lymphoblastoid line cells w=re partially protec

ti ve by virtue of an irrmune response against transformed cells (87,98, 

99). Both types of inactivated vaccine inhibited the appearance of 

MATSA-bearing cells (i.e. transformed cells) and prevented lymphomas 

developing but apparently by different rrechanisms. The irrmunity induced 

by viral antigens was characterized by the developnent of neutralizing 

antibodies, and there was a low=ring of MDV viraemia, inhibition of 

virus replication and the early degenerative changes in lymphoid organs, 

but absence of lymphocytes cytotoxic against tumour cells. Neverthe

less, lymphomas did not develop, presumably because of the canbined 

effects of the sparing of the irrmune system and the limited transforma-
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tion, both consequences of the reduced levels of virus activity. 

Irrrnunization with tumour cells did not influence the early virological 

events, but lyrrphocytes cytotoxic to lyrrphoblastoid line cells w=re 

detected and this anti-tumour irrrnune response was presumably responsible 

for mediating tumour cell rejection. 

Attempts have been made to irrplicate a single resistance rrechanism 

as all-important in determining vaccinal resistance to MD and the 

available evidence suggests a dominant role for T-cell mediated irrrnunity 

(100). Thus full protection was observed in agammaglobulinaemic, 

bursectomized birds vaccinated with attenuated MDV (101). HVT, how=ver, 

was found to be less effective in bursectomized chickens than in normal 

chickens indicating serre role for hUllDral irrrnuni ty in HVT vaccination 

( 102 ) . Nevertheless, thymectOIlff was found to reduce protection provided 

by HVT, and the impairement of HVT-induced vaccinal irrrnunity by cyclo

phosphamide (89) was found to be transient, developnent of protection 

apparently being related to recovery of the thymic system (103), 

although partial recovery of the bursal system cannot be excluded. It 

is probable that normally all branches of the irrrnune system are involved 

in resistance to MD and it may be that there is no absolute requirement 

for anyone form of irrrnune response in order to confer resistance on an 

individual. Thus, under appropriate experimental conditions, a degree 

of resistance might be provided by cell-mediated irrrnuni ty, antibodies, 

macrophages or natural killer cells alone. Sorre support for this view 

corres from the results of experirrents involving vaccination of irrrnuno

suppressed chickens with inactivated vaccines, and the adoptive transfer 

of protection by spleen cell transfer within an inbred strain of 

chickens (104). 

4.3.2. Age resistance. The gradual developrrent of resistance with 

age also seems to depend upon irrrnune rrechanisms for it develops in 

parallel with the acquisition of irrrnune competence (l7), and it is 

abolished by thyrrectOIlff (105), but not by bursectom{ (74). The obser

vation of the regression of lyrrphoproliferati ve lesions has caused the 

rejection of transformed cells to be irrplicated as the basis for age 

resistance (l06). The early pathogenesis of MIJi1 infection is similar in 

susceptible and resistant birds, and in resistant birds irrespective of 

age (78), so that resistance must operate at a stage later than the 
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abortive lytic infection of the lymphoid organs. Age resistance seems 

to depend upon genetic resistance of the B2L linked type, since 

genetically resistant strains free of passive antil:xxly may be nearly as 

susceptible at hatching as genetically susceptible strains, but the 

former develop resistance over a period of several weeks (17). 

5 . llf.1UNOSUPPRFSSICN 

Irrrnunosuppression is a prominent feature of MD and the degree of 

irrrnunosuppression may be important in determining the likelihcxrl of 

subsequent neoplastic disease. The sarre factors that influence the 

developnent of lymphomas (virus strain, age, genetic constitution etc.) 

also affect the degree of irrrnunosuppression. Both antil:xxly and ce11-

rrediated irrrnuni ty are affected (2). 

Depression of the in vitro responses of lymphocytes to the lectin 

mitogens phytohaemagglutinin and concanavalin A seems to be a feature of 

early infection. This is seen at 7 days after infection with virulent 

MDV, coinciding with the stage of acute cytolytic infection of lymphoid 

tissue (107-109). The sane effect, however, is seen with non-oncogenic 

MDV and HVT. The initial depression is transient, and responses are 

regained, although variably so, in both MD-susceptible and MD-resistant 

chickens. Susceptible birds that succumb to the disease shaw depression 

later, but responses are normal or enhanced in genetically-resistant 

birds or in those infected with non-oncogenic MDV or HVT. Vaccinated 

chickens when challenged with oncogenic MDV were protected against both 

the initial and secondary depression of mitogen responsiveness (107). 

The secondary depression coincides with impaired hurroral and ce11-

rrediated irrrnune responses. Primary and secondary antil:xxly responses and 

delayed hypersensitivity responses are all depressed and allograft 

rejection is delayed (110-114). Infected chickens are more susceptible 

to other diseases such as coccidiosis (115), and MD-affected chickens 

were also found to be deficient in their ability to regress Rous 

sarcanas (116). 

5.1. r-Echanisms of irrrnunosuppression 

Cytolytic infection and attendant destruction of the lymphoid 

tissue, although severe in the case of infection with oncogenic MDV, is 

unlikely to account entirely for the early depression of mitogen res-
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ponsi veness as non -oncogenic MDV and HVT, which do not cause these 

changes, are similarly depressive (14). Nevertheless, these viruses 

localize in the lymphoid tissue and nay bring about functional altera

tions without obvious histological signs. An alternative explanation is 

the presence of suppressor nacrophages (59,107). Macrophages taken from 

spleen cell cultures with depressed responses could in turn depress the 

responses of nomal spleen cells to which they YlBre added. Similar 

cells nay be present in the spleens of nomal chickens ( 61) . However , 

primary irnnunodepression is a feature of nany virus diseases, and a 

variety of infectious or non-infectious virus particles can inhibit the 

mitogen responses of chicken lymphocytes (117). 

Irnnunosuppression during the lymphoproliferative phase of MD could 

have a number of explanations. There could be depletion of nomal 

responsive cells as a result of lymphoid atrophy or replacement of 

nomal cells by non-reactive lymphona cells (1). Alternatively there 

could be suppressor influences. Soluble suppressor factors, but not 

suppressor cells, YlBre found in the spleens of irnnunosuppressed chickens 

(118,119). Subpopulations of suppressor cells were also demonstrated in 

chickens bearing the JMV transplantable lymphona. It has been shown 

recently that suppressor factors are produced in the supernatants of 

cultured cell lines, suggesting that MD lymphona cells nay themselves be 

transformed suppressor T-cells (L.N. Payne, personal cornnunication). 

This v.ould provide a direct mechanism for MD lymphona cells causing 

irnnunosuppression, and v.ould explain the association of irnnunosuppre

ssion with lymphoproliferation and clinical disease rather than with 

infection alone. 

Whatever the mechanisms involved, the experirrental data are consis

tent with the view that the secondary irnnunosuppression seen in MD may 

be a consequence rather than a cause of lymphona fomation. The prinary 

irnnunosuppression nay contribute to the develorxnent of lymphomas, but 

its occurrence in chickens infected with non-oncogenic viruses nakes its 

role uncertain. 
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8 . PRINCIPLES OF VACCINATION 

R.L. WITI'ER 

1. INTRODUCTION 

Vaccines are a natural focal point for Marek's disease (MD) as they 

pose challenging questions regarding their mechanism of action and con

stitute the rein rreans by which the disease can be oontrolled. The 

first practical vaccine for MD was developed by Churchill et al. (1) and 

oonsisted of an attenuated serotype 1 MD virus (MDV). This developrrent 

followed shortly the isolation of the causative herpesvirus of MD and 

its propagation in tissue culture. Several other vaccines were sub

sequently developed. Probably turkey herpesvirus, a serotype 3 virus, 

is the most widely used of the vaccine types at present. 

Vaccination is by far the preferred control procedure for MD and is 

in world-wide use for broiler breeder and layer chickens. In addition, 

corrrrercial broilers are vaccinated routinely in the USA and in certain 

other oountries. 

Excessive MD losses have been noted sporadically anong vaccinated 

broiler am layer flocks in several countries. CanrIOnly termerl vaccina

tion failures or vaccine breaks, these losses include those due to 

excessi ve exposure to virulent MD strains and to misdiagnosis in addi

tion to those due to true failure of the vaccines to induce imnunity 

against MD. Nonetheless, such losses have been a potent incentive for 

oontinued effort on the developrrent of improved vaccines. 

Vaccines have been prepared fran viruses of serotype 1, 2 and 3 (see 

Chapter 4 for details of serotype analysis). Classification of vaccine 

virus strains by serotype has recently becorrE routine following the 

developrrent of type-specific monoclonal antibodies (2). Within serotype 

1, the oncogenic MDV's, mildly virulent, virulent, and very virulent 

pathotypes have been recognized. Vaccines have been prepared from each 

L. N. Payne (ed.), Marek's Disease. Copyright © 1985. Martinus Nijhoff Publishing, 
Boston. All rights reserved. 
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pathotype following appropriate attenuation in tissue culture. Serotype 

2 and 3 viruses are naturally nononcogenic strains derived from chickens 

or turkeys, respectively, and are used as vaccines without modification. 

Although viruses of the several serotypes are antigenically distinguish

able, all share abundant common antigenicity. Presumably one or more of 

the comnon antigens is responsible for the cross-protection by serotype 

2 or 3 vaccines against disease induced by virulent serotype 1 MDV. 

Types of MDV, including vaccine strains, are listed in Table 1. 

TABLE 1. Classification and nomenclature of Marek's disease virus 

types. 

Name Serotype Pathotype Attenuation Used as 

vaccine 

Oncogenic MDV 1 very virulentl no no 

virulent no no 

mildly virulent no rarely 

very virulent yes yes 

virulent yes yes 

mildly virulent yes yes 

Nononcogenic MDV 2 avirulent no yes 

Turkey herpesvirus 3 avirulent no yes 

(HVT) 

IPoorly protected against by serotype 3 vaccine 

2. TYPES OF VACCINE 

2.1. Attenuated virulent serotype 1 

As noted, Churchill et al. (1) described a vaccine prepared from an 

attenuated virulent serotype 1 MDV (strain HPRS-16). A number of other 

virulent MDV' s ~re subsequently attenuated (3 - 7) but corrmercial 

application was limited. This type of vaccine is norrmlly used in the 

cell-associated form since little cell-free virus can be extracted from 

infected cells. The attenuated HPRS-16 vaccine was used extensively in 

Europe following its development and was considered effective, but now 
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has been largely superseded by other prcx:lucts. Reversion to virulence 

and spread by contact have not been reported. 

2.2. Attenuated mildly virulent serotype I 

Rispens et al. (8,9) described a vaccine fran strain CVI 988, a 

mildly virulent serotype 1 isolate further attenuated by 20 tissue 

culture passages. This cell-associated vaccine has been widely used in 

the Netherlands and sporadically in other countries. Mild pathogenicity 

for chickens of high genetic susceptibility has been noted (10), prob

ably indicating incomplete attenuation. This virus spreads readily by 

contact; however, contact spread does not occur rapidly enough to induce 

the early irrmunity needed to counteract exposure to virulent virus in 

the first weeks of life (9,11). Therefore, as with other vaccines, this 

type of vaccine is administered by inOCUlation of every chicken at 

hatching. This vaccine is reported to be highly effective <12,13). 

Other mildly virulent strains (14,15), despite some inherent or residual 

pathogenicity, also provided significant protection against MD. 

2.3. Attenuated very virulent serotype I 

An experimental vaccine prepared fran an attenuated very virulent 

strain (M:lll/75C) was described by witter (16). This vaccine was 

particularly effective against challenge with very virulent MD viral 

strains in chickens free of maternal antibcx:lies. However, it was highly 

neutralized in vivo and was relatively ineffective in chickens with 

ei ther horrologous or heterologous maternal antibcx:lies (17). Upon back

passage, this virus developed partial virulence. The pathogenicity of 

the derived virus was mild and was stable upon further backpassage. 

Furtherrrore, the derived virus replicated to a higher titre in inocu

lated chickens than the parent strain. It cannot be determined whether 

this derived virus is a true revertant or was an unattenuated contam

inant in the original stock. This type of vaccine has been used as a 

canponent of experimental polyvalent vaccines <16,18) but has not been 

produced commercially. 

2.4. Serotype 2 

The protective efficacy of serotype 2 viruses was first observed by 

Zander et al. (19) who vaccinated chickens with chicken blcx:rl later 

found to contain the HN-I strain of MIJI1 (20), and by Biggs et al. 
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(21,22) who found flocks first exposed to serotype 2 viruses in the 

field experienced fewer MD losses than other flocks. Jackson et al. 

(6) used the naturally apathogenic MDV-19 strain as a vaccine. Schat 

and Calnek (23) isolated the SB-l strain and characterized it as non

oncogenic since no proliferative lesions were observed even in irrmuno

suppressed chickens; however, some pathogenicity for chicken embryos was 

noted. Serotype 2 vaccines are cell-associated products since very 

Ii ttle cell-free virus can be derived from infected cells. The SB-l 

strain spreads readily by contact, is considered efficacious against 

challenge with mst virulent MD viral strains, and has recently been 

rrarketed corrmercially. Its rrajor use is in combination with serotype 3 

virus as a bivalent vaccine to which it provides an additive or 

synergistic effect. 

2.5. Serotype 3 

Kawamura et al. (24) first isolated turkey herpesvirus (HVT) from 

tissue cultures of nonnal turkeys. Witter et al. (25) isolated the 

FC126 strain from a corrmercial turkey flock and characterized the virus 

as nonpathogenic and antigenically related to MDV. The virus is 

ubiqui tous aIrong turkeys where it is highly contagious (26). However, 

aIrong chickens its spread by contact is poor and probably only occurs at 

certain time intervals after infection of chicks with large doses of 

virus (27 - 29). Okazaki et al. ( 30) and Purchase et al. ( 31,32) 

described the efficacy of the FC126 strain as a vaccine. Several other 

serotype 3 strains have been isolated ( 33,34,35) and appear equally 

effective as vaccines. Although the vaccine is corrmonly used as a cell

associated product, substantial =unts of cell-free virus can be 

extracted from infected cells (25) which can be preserved by lyophiliza

tion (36), thus fonning the basis of a cell-free vaccine. Both cell

associated and cell-free vaccines have been widely used in virtually all 

countries of the world. This type of vaccine has been considered highly 

effective and is the prototype of MD vaccine viruses. 

2.6. Polyvalent 

The concept of p::llyvalent vaccines derives from the observation by 

witter (16) that different vaccine viruses have a partial specificity 

for challenge viruses of certain serotype 1 pathotypes. A trivalent 

vaccine composed of viruses representing attenuated serotype 1, serotype 
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2 and serotype 3 was found to be highly effective in protecting chickens 

against challenge with very virulent MD viral strains even in the pre

sence of horrologous maternal antibodies (16,17). The efficacy of this 

trivalent vaccine was significantly greater than that of serotype 3 or 

any other single viral component used alone. Through laboratory and 

field trials it was ultimately determined that the attenuated serotype 1 

component was not necessary (17,18). Thus a bivalent vaccine consisting 

of the SB-l strain of serotype 2 MDV and the FC126 strain of serotype 3 

was found to be superior to serotype 3 alone in field trials on 

corrmercial broiler and layer flocks <18, 37) . This bivalent vaccine was 

licensed in the USA for commercial production in October 1983 and is in 

current use in flocks and geographical regions where HVT vaccine has not 

previously provided desired levels of protection. The bivalent vaccine 

is administered as a cell-associated product where the two canponent 

viruses are rrUxed just prior to inoculation of chicks. 

2.7. Vaccines lacking infectious virus 

Several experimental vaccines lacking in infectious virus have been 

studied. One such vaccine consists of suspensions of live, non-producer 

transplantable MD turrour cells of the JMV strain. These cells lack 

rescuable MDV but possess the MD turrour-asociated surface antigen (38). 

The turrourigenicity of this transplant was reduced by serial passage in 

anbryos (39) or by serial cultivation of the turrour cells in vitro (40). 

Although this type of vaccine was reported to be useful for immunization 

for chickens (40), evaluation in other laboratories has shown protection 

to be rrUnimal (41 - 43). 

Significant protection has been induced by inactivated, intact cells 

productively infected with serotype 3 (44) or serotype 1 MDV (45 - 47). 

Subunit vaccines prepared from such preparations are also effective. 

Manbrane fractions from cells productively infected with serotype 3 were 

even rrore effective than vaccines made from inactivated whole cells 

(44). Antigens solubilized with detergents from MD virus- infected 

cells (48) and polysomes (49) or high llDlecular weight glycoproteins 

(50) extracted from serotype 3-infected cells have also induced signifi

cant protective immunity. Lesnik et al. (51) described protection by an 

extract from the skin of MDV-infected chickens. Inactivated lymphoblas

toid cell lines expressing turrour-associated antigens have also induced 
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significant protective immunity (45 - 47). Protective responses induced 

by such inacti vated vaccines have at best been of rrodest magnitude. 

Protection induced by vaccines prepared from productively infected cells 

have ranged from 50 to 80%; Kaaden et al. (44) claimed 94% protection 

with a vaccine prepared from purified rrembranes of serotype 3-infected 

cells. Protection by inactivated 1 ymphoblastoid cell lines has been 

generally poorer, i.e. 40 to 50%. Although none of these vaccines have 

been considered from commercial application, they have helped to eluci

date basic mechanisms of vaccinal immunity and may be the forerunners of 

a future generation of genetically engineered vaccines for MD. 

3 • RESPONSES 'ill VACCINATION 

In practice, vaccines are usually administered to newly-hatched 

chicks by parenteral inOClllation, usually the subcutaneous or intra

muscular routes, at doses of 1,000 to 2,000 plaque forming units (pfu) 

up to 10,000 pfu or more. As all commercial vaccines contain live 

infectious virus in cell-associated or cell-free form, infection ensues 

following vaccination and a variety of responses are induced. 

3.1. VirOlogic responses 

Most vaccine viruses rapidly induce a cell-associated viraemia, i.e. 

virus can be rescued from blood lymphocytes by co-cultivation in chick 

embyro fibroblast cultures. Virus has been recovered as early as 2 days 

post-vaccination for serotype 3 (17,52), 5 to 6 days for serotype 2 (17, 

53), and 4 days for attenuated virulent serotype 1 ( 54) • 

are reached in 8 to 12 days for serotype 3 (17,55), 

Peak titres 

subsequently 

decline, and remain at a consistent, low level for long periods (55,56). 

When serotype 3 vaccine is administered to 18-day-old embryos (57) , 

virus is detected earlier and reaches higher titres than in chickens 

inOClllated at hatch ( 58) • For serotype 2, peak ti tres occur from 6 to 

21 days post- vaccination (17,53). Peak titres have not been as 

carefully documented for attenuated serotype 1, but occurred in one case 

on day 11 (17) and in another case at the 5th week (35). Infection with 

vaccine viruses, as for virulent serotype 1 (59), is probably lifelong. 

Purchase et al. (32) isolated serotype 3 from 58% of day-old-vaccinated 

chickens at 75 weeks post-vaccination. However, the frequency with 

which virus can be reisolated decreases with increasing age. 



209 

Canparati ve data on maximum viraemia ti tres with different vaccine 

viruses are minimal. Titres for serotype 3 range up to 1 - 3 x 102 pfu 

per 106 peripheral blood leukocytes (17,53) but tend to be 2- to 10-fold 

lower for serotype 2 under comparable conditions. Ti tres for attenuated 

serotype 1 are very low by comparison <17,35,60) and it seems clear that 

these viruses, following attenuation, partly lose their ability to 

replicate in vivo (17,35,54,60,61). Virus titres are also influenced by 

the presence of maternal antibodies <17,33,55), strain of chicken (62), 

viral dose (33,55,56), and immunosuppression (52,55,63). 

In chickens free of maternal antibody, one bird infectious dose is 

approximately 1 to 5 pfu for serotype 3 (64 - 66). However, Thornton et 

al. (61) found for one nonprotective serotype 3 variant virus that 220 

to 380 pfu were required to induce viraemia in 50% of inoculated 

chickens. 

Infection with vaccine viruses of serotypes 2 and 3 is first 

detected in the lung and various lymphoid tissues (53,54), as is also 

the case for virulent serotype 1 MDV. Indeed, lymphoid cells from the 

peripheral blood or spleen constitute the preferred source inoculum for 

the re-isolation of vaccine viruses. Serotype 2 and 3 viruses do not 

induce productive-restrictive infections in lymphocytes characterized by 

cytolysis and antigen production as do virulent serotype 1 viruses (53, 

55,67) • Furthermore, the target cell for infection is probably neither 

a B-cell nor a macrophage since most infected cells lacked surface Ia 

and IgM and were not depleted by carbonyl iron treatment (68). However , 

a role for B-cells in serotype 2 infection was suggested by Calnek et 

al. (69) who reduced the infectivity of lymphocyte preparations with 

both anti -B and anti -T serum by complerrent lysis. Upon in vitro 

culture, lymphocytes latently infected with serotype 2 expressed viral 

antigen whereas no antigen was detected in cultured lymphocytes latently 

infected with serotype 3 ( 69 ) ; this suggests that the nature of the 

latent infections with serotypes 2 and 3 may differ. 

The possibility that vaccine viruses induce transformation of 

lymphocytes is discussed in the next section. 

Virus shedding, presumably through productive infection of the 

feather follicle epi theli um as occurs for virulent serotype 1 virus, 

occurs readily with the CVI 988 strain of attenuated mildly virulent 
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serotype 1 virus and with serotype 2 strains. Sj',X)radic shedding has 

been reported for serotype 3 (25,32,70). Unlike the readily spreading 

viruses, serotype 3 replicates only transiently in the feather follicle 

epithelium and is rrost easily derronstrated between 14 and 21 days (27, 

28) . Attenuated virulent and very virulent serotype 1 strains thus far 

tested have not spread by contact (17, 54,71) . 

Embryo transmission of vaccine strains has not been reported. 

Progeny of vaccinated breeders will remain free of infection if reared 

in a pathogen-free environrrent (R.L. Witter, unpublished data). 

No interference was noted in vivo between serotype 3 and attenuated 

very virulent serotype 1 viruses (17). Prior vaccination will signi

ficantly reduce ti tres of virulent serotype 1 challenge virus <17,55) 

but this is probably due to inmunity rather than to viral interference. 

Clearly, different virulent and avirulent strains may coexist in the 

sane chicken (72,73). This situation is prevalent in the field and must 

be considered when viruses are isolated. 

3.2. Pathologic responses 

No comrercial vaccine strain is overtly pathogenic for chickens. In 

the USA, master seed virus stocks must not induce MD rrortali ty or gross 

lesions and must not depress body weights through a 120 day period when 

inoculated into susceptible chickens at 10 tirnes the normal field dose 

(Code of Federal Regulations 9:113:165). 

In general, no clinical disease or depression of body weight has 

been noted with MD vaccines in laboratory or field experiments (1,8,17, 

23,25,32) • One strain of attenuated mildly virulent serotype 1 virus 

that has been widely used as a CClIllreI"cial vaccine produced gross nerve 

enlargements and MD rrortali ty in up to 28% of a susceptible strain of 

chickens (10), yet in practice this type of vaccine has been found both 

safe and effective (12). Indeed, rrost if not all vaccine viruses induce 

pathologic responses of same magnitude under certain circumstances. 

Dobos-Kovacs et al. (74) reported endophthalmitis in flocks repeatedly 

vaccinated for MD but failed to establish MD vaccines as the primary 

cause of the lesioo.. 

Of peripheral interest is the j',X)ssibility that the inoculation pro

cess by which MD vaccines are administered to chicks may serve to 

disseminate by needle contamination other virus infections that may be 
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present in the newly-hatched chick (75,76), thereby contributing to 

disease problems of other types. 

Although cytolytic lesions, i.e. organ atrophy, necrosis and viral 

antigen production, are commonly induced in lymphoid tissues by virulent 

serotype 1 viruses, few if any such changes are induced in intact, 

irnnunologically uncompromised chicks by vaccine strains. The bursa and 

thymus show no change in size or histological character (23,53,55,67,77) 

but minor ultrastructural changes consisting of invaginations of the 

nuclear and plasma rrernbranes, and an increased number of lysosomes have 

been reported (52). A transient splenomegaly has been reported with 

serotype 2 and 3 viruses (53) but is not always apparent (67). Cyto

lytic lesions are more easily demonstrated in chicks following chemical 

or surgical irnnunosuppression, or in chicks inoculated in ovo. Although 

no significant cytolytic lesions were induced by serotype 3 virus in 

cyclophosphamide-treated (55) or thymectomi zed ( 63) chickens, in ovo 

inoculation during early stages of embryonation resulted in pock fonra

tion on the chorioallantoic rrernbrane (25) and in viral antigen

containing necrotic les ions in the heart and liver of embryos ( 78 ) . 

HCJNever, only one of 70 chicks infected with serotype 3 virus in ovo 

developed bursal or thymic atrophy (79). Under similar conditions sero

type 2 virus appears somewhat rrore pathogenic. Occasional cytolytic 

lesions were observed in bursectomized or thymectomized chickens inocu

lated with the SB-l strain (23) but in chicks infected in ovo such 

lesions were relatively frequent and were accompanied by high mortality 

in some cases (23,79). 

Lymphoproliferative lesions have also been induced by vaccine 

strains, although it is not clear whether these lesions are neoplastic 

or inflammatory in character. Gross lymphomatous lesions have not been 

reported in intact chickens (as previously stated) or in irnnuno

suppressed (23,79) chickens following vaccination. HCJNever, minor 

histologic lesions consisting of lymphoid cell infiltrations have been 

observed in the peripheral nerves (53,55,63) of chickens inoculated with 

serotype 2 and 3 viruses. Although some plearorphic cells typical of 

those in MIl lymphomas occur in such lesions (55), the lesions do not 

progress. Calnek et al. ( 53) considered most of these lesions of the 

inflammatory type. These lesions were slightly delayed, but were no 
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nore severe in cyclophosphamide-treated (55) and thyrrectomized (63) 

chickens following inoculation with serotype 3 virus. However, 4 to 8% 

of chickens infected early in ovo with serotype 2 or 3 viruses developed 

grossly enlarged nerves and up to 30% were clinically paralyzed (79). 

Histologic nerve lesions were much nore frequent in chickens inoculated 

in ovo wi th serotype 2 canpared to those inoculated wi th serotype 3 

viruses (79). The MD tunour-associated surface antigen has been 

detected on a small proportion of lymphocytes fran chickens vaccinated 

wi th serotype 2 and 3 viruses (53,80 - 82) but thus far has not been 

localized on cells canprising the lymphoproliferative nerve lesions. 

These several observations are consistent with a hypothesis (55) that 

following vaccination, a limited transformational event may oc=, the 

progression of which is prevented by the host imnune response. The 

inflammatory cells occasionaly observed in such lesions may be generated 

by this irrmune response. More data is needed to resolve whether or not 

a true neoplastic transformation is induced by vaccine strains. 

3.3. Immunosuppression 

In accord with the lack of norphologic changes in lymphoid organs, 

there is no evidence that vaccine strains of serotypes 1, 2 or 3 supp

ress or interfere with cellular or hunoral imnune responses to other 

antigens (17,83 - 85), even when inoculated into enbryos (86). However , 

a transient depression of the response of T-cells to the mitogens, 

phytohaemagglutinin or concanavalin A has been noted about 7 days after 

vaccination (87 - 89) after which time the response recovers to normal 

levels or is even enhanced (87,90). 

3 • 4 . Inmune responses 

In general, vaccine strains induce similar types of immune responses 

as virulent strains (see Chapter 7). These responses are both humoral 

and cellular, and are directed towards both viral and tunour-associated 

antigens. 

Antibodies reactive with viral antigens are induced by infection 

with all known vaccine strains (8,16,25,91). Any of several types of 

tests may be used for the detection of antibodies; however, antibodies 

against attenuated serotype 1 viruses that have lost the "A" antigen 

cannot be denonstrated by the agar gel precipitin test and other proce-

dures, e.g. imnunofluorescence or virus neutralization, must be used. 



213 

Virus neutralizing antibodies are usually considered ITDst relevant to 

disease resistance (92). Although antibody titres are generally higher 

against antigens of the h=logous serotype compared to heterologous 

antigens (93,94), tests to identify antibodies of one serotype in a 

mixture of antibodies to other serotypes are not yet available. An 

irrmunofluorescent rrethod for distinguishing serotype 3 antibodies in 

mixtures has been described (25) but interpretations are subjective. 

Antibodies against turrour-associated antigens have not been detected in 

vaccinated chickens, and are induced only following hyperirrmunization 

wi th MD turrour cells (95,96). Anti -viral antibodies are induced wi thin 

1 or 2 ~eks following vaccination (86,91) and persist for life at 

relatively stable titres (16), but these relationships have not been 

~ll studied, perhaps because vaccine antibodies are normally obscured 

following infection with virulent field strains. Acti ve antibody ti tres 

are lower following vaccination of chickens with rraternal antibodies 

than in chickens without rraternal antibodies (97). Functionally, the 

role of antiviral antibodies induced by vaccine strains rray be to 

neutralize cell-free virulent virus (98), to cooperate with normal host 

lymphocytes to cause the lysis of productively-infected cells (99), and, 

when passively transferred to progeny chicks, to interfere with the 

efficacy of vaccines (100). 

Cell-rrediated irrmune responses are also induced in chickens by 

vaccine strains of all serotypes. Responses directed against viral 

antigens include delayed hypersensitivity (101), in vitro cytotoxicity 

as measured by plaque reduction (102,103) and antibody dependent cell

ular cytotoxicity (99,103). A number of W)rkers have descri bed cyto

toxicity of effector T-cells from chickens vaccinated with serotype 2 or 

3 viruses against cultured MD turrour cells bearing turrour-associated 

antigens on their surface (53,104 - 109). However, these responses are 

not always strong (110) and part of this response rray be directed 

against alloantigens since reactions are much stronger in allogeneic 

compared to syngeneic systems (111,112). A delayed hypersensitivity 

reaction to fixed MD turrour cells induced by serotype 3 vaccine has also 

been described (113). 

Rejection of MD turrour transplants can be considered another type of 

cell-mediated irrmune response induced by vaccinatioo. All serotypes of 
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vaccine virus induce resistance to challenge with the JMV strain of 

transplantable MD turrour cells (41,114 - 117). This phenomenon appeared 

to be an irrrnune response directed prilll3.rily against turrour-associated 

antigens because the JMV cell expresses turrour-associated but not viral 

antigens on its surface (38). The protection was ameliorated by thymec

tomy (117). However, vaccinated chicks were not resistant to certain 

other MD turrour transplants, especially when tested in a syngeneic host 

(96,117,118). Furthermore, resistance against JMV cells was not induced 

by inactivated fibroblasts infected with serotype 1, 2 or 3 vaccine 

viruses ( 117 , 119 ), but was induced by inactivated cells infected with 

virulent serotype 1 virus (120). This system, although widely studied, 

is still poorly understood. 

Macrophages from chickens infected with serotype 3 virus inhibited 

colony fOrlll3.tion by MD lymphoblastoid cell cultures (121), and natural 

killer cell activity is elevated following vaccination of chicks (122) 

or Embryos (86) with serotype 3 vaccine, indicating further types of 

irrrnune response to vaccination. Functionally, these cellular responses 

llI3.y constitute an irrmune surveillance system to eliminate cells bearing 

viral or turrour-associated antigens on their surface. 

4. MEX::HANISMS OF PROTEX:TICN 

4.1. Characteristics of protection 

Protection against virulent MD viral challenge can be detected a few 

days after vaccination and is considered fully effective by 1 to 2 weeks 

of age. When challenge is given simultaneously with vaccination, little 

protection occurs ( 123,124) . Basarab and Hall ( 125) demonstrated pro

tection when chickens were challenged at 24 hours, but not at 12 hours 

post-vaccination. The onset of irrmunity is also affected by the genetic 

strain of chickens (14) and the type of vaccine (43). Protection can be 

induced earlier; however, when vaccine virus is administered to 18-day

old embryos, chicks hatched from such embryos are significantly rrore 

resistant to early challenge than chicks irrmunized at hatching (57). 

The persistence of vaccinal irrmunity was demonstrated through at least 

40 weeks (56), Thus, reinforcement of this irrmuni ty by early exposure 

to field virus is probably not essential, although possibly beneficial. 

Although some workers found that llI3.intenance of a detectable vaccine 
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viraemia was correlated with maintenance of vaccinal 

freedom from MD in individual chickens (126 128), 

Offenbecker (56) derronstrated that vaccinated chickens 

irrmunity and 

witter and 

from which 

vaccine virus could no longer be easily isolated were adequately protec-

ted against challenge with virulent MDV. Protection against tUllDur 

induction, even under optimal conditions, is rarely absolute; however, a 

protective efficacy of 85 to 95% is comronly achieved both in the 

laboratory and in commercial practice. 

Vaccinated chicks are partially protected against the replication of 

virulent serotype 1 MD viral strains. In sharp contrast to unvaccinated 

chickens, little if any cytolytic infection of lymphoid tissues is 

induced by virulent MDV in vaccinated chickens ( 53, 55) and there is no 

significant depression of irrmune response (l29). Irrleed, this sparing 

effect on the irrrnune system may play a key role in the mechanism of 

protection. Titres of cell-associated virulent MD virus are signifi

cantly lower and develop later in vaccinated chickens than in non

vaccinated controls (35,55). The protective efficacy of vaccines 

against viraemia of virulent MDV is often greater than against tUllDur 

induction (17). However, suff icient virulent MD virus is shed from the 

feather follicle epithelium of vaccinated, challenged chickens (130,131) 

so that vaccination is little deterrent to the perpetuation of virulent 

MD viral strains in the field. 

Virulent MD viraemia levels are clearly related to lesion formation, 

i.e. chickens with high virus titres are the rrost likely to develop 

lesions and subsequently die of MD (59). MD tUllDurS consist of both 

transformed cells and nontransformed reactive cells, rrost of which 

possess T-cell markers (132). The infectivity of tUllDur-derived cells 

is not strictly correlated with cell size or the presence of turrour

asociated antigens (l22). Since sorre latently infected lymphocytes in 

the peripheral blO<rl that are detected in viraemia assays may thus be 

deri ved from tUllDurs or be generated in response to tUllDurs, viraemia 

may be both a consequence and a cause of turrour formatioo. Nonetheless, 

viraemia appears to be an excellent prognostic criterion for MD and may 

be valuable in evaluation of vaccine efficacy. 

4.2. Specificity and synergism 

Cross-protection between MD viral antigens is illustrated by the 
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efficacy of serotype 2 and 3 vaccines against virulent serotype 1 MDV 

and is the basis for the use of such vaccines in the field. Further

more, vaccines of all three serotypes have been effective in the field. 

Thus, it might be assumed that all vaccines are equally effective 

against challenge with all strains of virulent serotype 1 virus. 

Evidence to the contrary was provided by studies on an experimental 

attenuated very virulent serotype 1 vaccine, M:'lll/75C (16) • In 

chickens lacking maternal antibodies, Mdll/75C vaccine was significantly 

more effective than serotype 3 vaccine against challenge with very viru

lent serotype 1 virus. Conversely, serotype 3 vaccine was more effective 

than M:'l11/75C against challenge with certain virulent serotype 1 

strains. These data suggested at least a limited degree of specificity 

of vaccinal immunity for certain challenge virus strains. 

This finding prompted experiments with polyvalent vaccines which led 

to the recognition of protective synergism among vaccine viruses (16). 

The efficacy of serotype 3 vaccine was enhanced by the addition of as 

little as 4% (by pfu content) of serotype 2 vaccine, and even fractional 

doses of serotypes 2 and 3 together, e.g. 400 pfu of each, were superior 

to full doses (2,000 pfu) of either vaccine alone (17). Although syner

gism has been best studied between serotypes 2 and 3 since this canbin

ation appears most suitable for use in the field (18,37,133), synergism 

has been detected among vaccine viruses of all three serotypes; in most 

cases mixtures of two vaccine viruses provided better protection than 

either vaccine virus singly and in sorre cases mixtures of two vaccines 

could even be improved by the additon of a third virus (17). 

The rrechanism of this specificity and synergism is not understoa.:l.. 

AIlDng the possibilities are unrecognized antigenic differences between 

viral strains, the ability of certain viral proteins to act as adjuvants 

for proteins of another viral strain, and the ability of different 

vaccine viruses to infect and thereby stimulate imnunity through diff

erent subpopulations of lymphocytes. Different cell tropisms for sero

type 2 and 3 viruses is suggested by the greater virus rescue fran lym

phocytes following culture (69) and the greater resistance of latently

infected lymphocytes to cytolysis by anti-Ia serum (68) of serotype 2 

virus compared to serotype 3. 
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4.3. Imnune rrechanisms 

The evidence that protection against MD lymphorras following 

vaccination is due to specific irrmune responses has been reviewed by 

Payne et al. (134), Payne (135) and nany others. The salient points are 

the abrogation of vaccinal irrmuni ty by chemical irrmunosuppression (136, 

137), induction of irrmune responses against viral and tUllDur-associated 

antigens as previously discussed, and induction of protective irrmunity 

wi th inactivated vaccines, thereby ruling out interference phenarena. 

As originally proposed by Payne et al. (134), irrmuni ty is directed 

against both viral and tUllDur-associated antigens. Both hUllDral and 

cell-mediated irrmune rrechanisms appear to be involved. 

roles of these factors are gradually becoming more clear. 

The relative 

T-cell-mediated irrmune responses appear relatively more important 

than hUllDral responses since irrmunity was abrogated by surgical thyrrec

tOIl¥ (138) or temporarily abrogated by cyclophosphamide treatment <136, 

137) but was not affected (138,139) or only slightly affected (140) by 

bursectomy. Irrmunity to viral antigens may be more readily induced and 

thus more important than irrmunity to tUllDur antigens since chickens 

inoculated with inactivated preparations of fibroblasts productively

infected with virulent serotype 1 virus were better protected against MD 

lymphorras than chickens inoculated with inactivated lymphorra or line 

cells bearing tUllDur-associated antigens but few or no viral antigens 

(46,47). Moreover, anti-viral irrmunity constitutes an earlier line of 

defence against MD than does anti -tUllDur irrmuni ty . Thus, one nay 

speculate that cell-mediated responses against viral antigens nay be a 

singularly important component of vaccinal irrmunity. 

Humoral irrmuni ty against viral antigens may also play an important 

role in vaccinal irrmunity. Virus neutralizing antibody titres corre

lated with MD lymphona resistance among different genetic lines of 

chickens, and although this nay have been the consequence of greater 

irrmunosuppression in the susceptible line, no canparable suppression of 

precipitin antibodies was noted (92). Bursectomy was partially effec

tive in reducing the protective efficacy of serotype 3 vaccine in one 

trial (140). Antibodies induced by vaccine viruses are active in 

antibody-dependent cellular cytotoxicity reactions (99,103). Powell 

et al. (141) found irrmunity induced by inactivated attenuated virulent 
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serotype 1 antigens could be transferred to syngeneic recipient chickens 

by inoculation of immune spleen cells, but not if the spleen cells were 

derived from immunized, bursectomized chickens. Thus anti-viral humoral 

immunity, although not requisite for protection against MD lymphomas, 

clearly contributes to this end result. 

Cell-mediated immune repsonses directed against tumour-associated 

antigens are also an important comp::ment in protection induced by 

vaccine viruses. Infection with vaccine viruses induces lymphocytes 

cytotoxic to target cells from MD lymphoblastoid cell lines (105,106) 

and induces resistance to virus-negative MD tumour transplants (114). 

Vaccines consisting of inactivated preparations of lymphoma cells and 

lymphoblastoid MD tumour cell lines have provided resistance to tumour 

induction (45 - 47). The influence of bursectomy on immunity induced by 

inactivated tumour-associated antigen preparations has not been tested 

but is probably negligible. The relative contribution of anti- tumour 

immunity to vaccinal imnunity is difficult to assess because it is not 

easily studied independently of antiviral immunity; however, this must 

be considered as a significant component of the total immune process. 

Humoral immune responses to tumour-associated antigens have not been 

detected in chickens following vaccination; however, antibodies can be 

raised following hyperimmunization with lymphoma cells (38,95,96). 

Thus, vaccinal immunity appears to be based primarily on cellular 

responses to viral antigens, supplerrented by humoral anti-viral and 

cellular anti -tumour immune responses. Also contributing are natural 

immune mechanisms such as natural killer cells (142,143) and macrophages 

(121,144 - 148). All these responses are undoubtedly augmented folla.v

ing challenge with virulent serotype 1 virus. Probably many of these 

responses are influenced by imnune response genes. The mechanisms of 

vaccinal immunity, therefore, are highly integrated and unusually 

complex, and provide continued opportunities for study. 

4.4.Protective antigens 

Of fundamental interest in the mechanism of vaccinal immunity is the 

identity of the responsible protein antigens. "A" antigen, a 61,000 

dalton glycoprotein (149) excreted into the medium of productively 

infected fibroblast cultures (150) and which is cO!l1!1Dn to all viral 

serotypes, may be excluded since A-negative attenuated serotype 1 and 
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serotype 3 viruses retain their protective ability (l, 140) and since 

chickens immunized with purified A antigen were not protected against MD 

(lSl). Of the 40 to SO renaining virus-specific p::llypeptides <1S2, 

lS3), few have been purified or functionally studied. Recently, however, 

two groups have isolated candidate protective proteins. Ikuta et al. 

(lS4) recovered glycoproteins of about 11S,000, 63,000 and SO,OOO 

daltons from cells infected with serotype 1 or 3 virus by immunoprecipi

tation with monoclonal antibodies; two of these proteins induced 

neutralizing antibodies in chickens and rabbits. Silva and Lee <1SS) 

recovered nearly identical glycoproteins of 100, 000, 60, 000 and 49, 000 

daltons from cells infected with serotype 1 or 3 virus by immunoprecipi

tation with a neutrali zing monoclonal antibody (2) directed against 

serotype 3 virus. In both cases, corrmm determinants on all three 

proteins were identified by a single monoclonal antibody. The immuno

genicity of these and other candidate proteins need to be determined. 

Interest has largely focused on type-comrron antigens since protection 

is not serotype specific; however, a role for type-specific antigens as 

primary immunogens or as inducers of protective synergism should not be 

excluded. 

S • FACl'ORS AFFFX:TING VACCINE EFFICACY 

In the field, substantial fiscal incentives exist to rraximize pro

tection afforded by MD vaccines. Consequently, the p::lultry industry has 

developed extremely high expectations on vaccine efficacy, regardless of 

the degree or types of environmental exp::lsure to virulent serotype 1 

MOlT's. Much attention has been directed to so-called "vaccine breaks" in 

recent years with the objective of reducing further the economic loss 

from MD. To this end, it is valuable to consider various factors known 

to affect vaccine efficacy since such factors not only represent 

p::ltential causes of vaccine failures, but also suggest strategies for 

improving vaccine efficacy. 

S.l. Dose 

Vaccine doses sufficient to cause infection will result in protec

tion under optimal laboratory conditions ( 64-66, lS6) . However, to 

provide an adequate margin of safety, much higher doses are normally 

used. For example, corrrrercial vaccines in the USA must contain 1, SOO 
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pfu per dose. In practice, however, the potency of commercial vaccines 

varies widely, often exceeding 10,000 pfu per dose. Furtherrrore, 

vaccine is occasionally diluted to provide only a fraction of a dose to 

each chick. Sophisticated buyers will obtain ti tres of vaccine serials 

prior to purchase and dilute as needed to provide a specific nllinber of 

pfu per chick. There is no agreerrent on the optimal dose. Although 

protection varies directly with vaccine dose up to 4,000 pfu (157), 

there seems little justification for the use of very large doses as has 

been attempted by som= poultrym=n to increase eff icacy . Ball and Lyman 

(158) found 2,240 and 8,960 pfu of a serotype 3 vaccine were equally 

effective heavy against natural challenge with an unidentified MD viral 

strain. Yoshida et al. (159) found doses of 173 and 17,800 pfu were 

equally effective. Against challenge with very virulent serotype 1 

viruses, which by definition are poorly protected against by serotype 3 

vaccine, increased doses of 5,650 to 105,000 pfu provided little or no 

improvem=nt in protection compared to control doses of 695 to 1,375 pfu 

(157,160), and in no case resulted in acceptable levels of protection. 

Increased doses, however, may have certain benef i ts as they also speed 

the induction of viraemia (157) and decrease the period required for the 

developm=nt of protective immunity (159). 

5.2. Maternal antibodies 

Harologous maternal antibodies interfere to some extent with the 

efficacy of both cellular and cell-free serotype 3 vaccines (64,66,161-

165) and of cellular serotype 1 and 2 vaccines (16,17). Cell-free 

serotype 3 vaccine is rrore susceptible to neutralization by maternal 

antibodies than cell-associated vaccine (66,166) and, therefore, should 

probably be used in an appropriately higher dose. Witter and Lee (17) 

found the adverse effects of homologous maternal antibodies were similar 

for serotype 2 and 3 vaccines, but were significantly greater for an 

attenuated very virulent serotype 1 vaccine. A high susceptibility of 

attenuated virulent serotype 1 vaccine to maternal antibody was also 

noted by others (6,165). Since the prevalence of infection with sero

type 1 and 2 is high in corrrnercial flocks, and since rrost flocks are 

imnunized with serotype 3 virus, maternal antibody interference is 

likely to be a consideration with the administration of all vaccine 

types. Furtherrrore, neutralizing antibody titres in day-old chicks can 
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be very high and can vary widely arrong individuals (167). Solutions 

proposed for these problerrs are: (1) use of cell-associated rather than 

cell-free vaccines, (2) use of higher doses to =mpensate for neutra

lization, and (3) avoidance of hO!lOlogous ITI3.ternal antibody through 

selective immunization of breeders. The idea of immunizing breeder 

flocks and progeny with vaccines of different serotypes to minimize 

interference by ho!lOlogous ITI3.ternal antibodies (6,168) has been 

practiced in certain =untries with considerable apparent success. 

Since serotype 1 and 2 viruses are ubiquitous in the field (169), this 

approach is !lOst appropriate when serotype 3 vaccine is used in the 

generation of prime interest and vaccines of other serotypes are used in 

their parents. 

5.3. Age at vaccination 

Vaccines are historically adnUnistered at hatching in order to 

maximize the interval between vaccination and challenge exposure, and 

thereby to better protect against early eJqX)sure. Vaccination at the 

time of challenge, or following challenge, is ineffective (123). 

Exp::lsure to virulent serotype 1 virus in the field ITI3.y occur at any 

time, varying fran 8 weeks or older (21) to 9 days (59). Under present 

=mmercial husbandry practices, early eJq:Osure is presumed to be =mmon. 

Although vaccination at older ages is not recommended, older birds 

respond well to vaccines and are substantially protected in some cases 

(170,171) . Vaccination of 18-day-old embryos is a recent strategy to 

expand further the interval between vaccination and challenge, and 

thereby protect !lOre effectively against early eJq:Osure (57). By this 

procedure, 

hatching, 

significant protective immunity is present at the time of 

even in chicks with hO!lOlogous ITI3.ternal antibodies (166). 

Embryo vaccination has been applied successfully to vaccines of all 

serotypes and to polyvalent vaccines (172). Embryo vaccinatiOn appears 

to have promise for the immunization of broilers, but its commercial 

potential has not yet been sufficiently evaluated and the instrumenta

tion needed for ITI3.SS application has not been developed. 

5.4. Revaccination 

Although Spencer et al. (17l) found chickens were better protected 

with an attenuated serotype 1 vaccine when revaccinated at 23 days, 

others failed to show any improvement in protection by serotype 3 
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vaccine from revaccination (127,158,173). There is some evidence that 

repeated administration of vaccine virus results in earlier (174) or 

higher titre (91) antibody response, but this could be due to increased 

vaccine dose which is known to produce similar effects (157). Zander 

(175) found progeny of dams hyperirrmunized with virus-containing blood 

were no more resistant to MD than progeny of once-irrmunized dams. 

5.5. Age at challenge 

Vaccinal irrmunity can be overwhelmed by early exposure. Protection 

is unsatisfactory when challenge occurs simultaneously with vaccination 

(57,123) or at the 2nd (17) or 3rd (57) day post-vaccination. However, 

good protection is obtained from vaccines of all three serotypes when 

challenge with virulent serotype 1 virus occurs 5 to 8 days post

vaccination, even in chickens with homologous naternal antibodies (17, 

57,123,166,172) and nay be naxinal by the 7th to 8th day since no better 

protection was noted when challenge was delayed further (17,123). Even 

against challenge with very virulent serotype 1 virus, protective 

irrmunity induced by serotype 3 is no better at 21 (172) or 26 (176) days 

than at 7 days post-vaccination. Since chickens vaccinated as 18-day

old embryos are protected against contact challenge 00 the day of hatch 

or inOCUlation challenge on the 3rd day of age (57), the speed with 

which irrmuni ty is induced by embryo and after hatch vaccination appears 

similar. Sanitation is a llEans by which early exposure can be reduced. 

The value of thorough c1eanout in reducing MD losses in vaccinated 

broi 1er chickens has been docUllEnted (18,177) ; even application of 

brooding paper to cover used litter nay be helpful (178). It seems 

clear that for rraximum efficacy, vaccines should be administered as soon 

as possible after hatching or, possibly, even prior to hatch. Further

more, reduction of exposure through strict sanitation procedures is a 

most important adjunct to vaccinatioo programmes. 

5.6. Challenge virus strain 

For several years, vaccines of all serotypes appeared highly effec

tive in virtually all situations, thus suggesting that the effect of 

challenge strain was negligible. However, Eidson et a1. (157) found 

protection by serotype 3 vaccine was better against the standard GA 

strain than against three recent field isolates obtained from broilers 

in the Delrrarva region where unusually high MD condemnations were being 



223 
experienced. The existence of very virulent serotype 1 viruses that 

were txlOrly protected against by serotype 3 vaccine was soon confirmed 

by others (133,160,179,180). In contrast to earlier conclusions (160), 

these very virulent serotype 1 strains appeared clearly rrore pathogenic 

than standard virulent strains; they caused greater depression in body 

and bursal weights, induced rrore deaths through the early rrortality 

syndrome and induced rrore lymphomas in both susceptible and resistant 

chickens (169). Protection by serotype 3 vaccine against challenge with 

these very virulent strains was significant (52 to 77%), but was less 

than that against standard virulent strains under comparable conditions 

(169) • The very virulent strains are not easily distinguished from 

virulent strains since time-consuming pathogenicity and protection 

trials are required and no standard criteria exist. It is likely that 

the serotype 1 viruses represent a continuum of virulence with the very 

virulent isolates representing one extreme. Because they are widely 

distributed, are rrore prevalent nON than previously, and are circum

stantially associated with vaccine failures in the field (169), very 

virulent serotype 1 strains represent an important factor affecting 

vaccine efficacy. Although protection by serotype 2 and 3 vaccines is 

suboptimal, polyvalent vaccines offer reasonably good protection against 

challenge with very virulent strains (16,18,37,133). 

5.7. Stress 

stress from infectious disease and other causes may influence the 

efficacy of vaccination, presumably through irrmunodepression of cell-

mediated irrmune responses. Infectious bursal disease virus (IBDV), a 

virus knONn to induce long-lasting B-cell irrmunodepression and transient 

T-cell irrmunodepression, has been suggested as a likely cause of MD 

vaccine failures in the field. This possibility was supported by the 

finding of Giambrone et al. (181) that chickens naturally exposed from 

hatch to IBDV were less well protected by serotype 3 vaccine than 

chickens not exposed to IBDV (63% versus 83% protection) against 

challenge with virulent serotype 1 virus at 2 weeks of age. Jen and Cho 

(182) found no interference by IBDV with levels of serotype 3 viraemia, 

but noted some depression in neutralizing antibody response. However , 

Sharma (58) found IBDV interference with MD vaccinal irrmunity only when 

virulent IBDV and serotype 3 vaccines were given at hatch to chickens 
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wi thout naternal IPDV antibody and challenged at 7 days wi th virulent 

serotype 1 virus; no interference was seen if serotype 3 vaccine 

preceded IPDV, if MD challenge was delayed, if naternal IPDV antibodies 

were present, or if less pathogenic IBDV strains were used. Thus, IBDV 

should only rarely cause problems with MD vaccines in the field. Contam

ination of MD vaccines with reticuloendotheliosis virus has been shawn 

to interfere with induction of antibodies to serotype 3 (183) and induc

tion of protection by serotype 3 against challenge with virulent sero

type 1 virus (184). Simultaneous vaccination of chickens with serotype 

3 and attenuated reovirus vaccines resulted in poor protection against 

natural MD exposure in the field compared to vaccination with serotype 3 

alone (185). Although Landgraf et al. (186) found cold stress or 

deprivation of food and water during the first few days after hatching 

had no adverse influence on imnuni ty induced by serotype 3 vaccine, 

physiological and envirorurental stresses nay be important, particularly 

as a cause of decreased imnunity after 20 weeks of age. This possibility 

requires further study. 

5.8. Genetic strain and sex 

Susceptible strains of chickens are still IlDre susceptible to MD 

challenge after vaccination than are resistant strains after vaccination 

<171,173,187). Thus, the resistance conferred by genetic constitution 

and vaccination appears to be additive. Although both nales and ferrale 

are protected by vaccines, the greater MD susceptibility of ferrales com

pared to nales in nonvaccinated chickens is evident also after vaccina

tion (97). Probably there is little effect of genetic strain or sex on 

vaccine efficacy when rreasured by percent protectioo. However, in one 

study, ferrales seerred IlDre responsive to vaccination than nales (97). 

In contrast to studies on virulent serotype 1 viruses (92,188), antibody 

titres induced by serotype 3 vaccine were not affected by genetic strain 

(97). However, serotype 3 viraemia titre and persistence nay vary a/lDng 

chicken strains ( 62) • In practice, corrmercial chicken strains can be 

expected to vary in MD susceptibility, general imnune response and 

response to stress (187,189). Less desirable strains that experience 

high losses from MD even after vaccination have been recognized, and are 

usually quickly replaced by IlDre competitive strains. Increased disease 

resistance and imnune responsiveness through genetic selection 
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programmes is clearly a powerful adjunct to vaccination for MD control. 

5.9. Method of administration 

Both cell-associated and cell-free vaccines are usually adnUnistered 

by parenteral inoculation. The subcutaneous route is JOClre widely usErl, 

but intramuscular and intraabdominal routes are also effective. Oral, 

intranasal, and intraocular routes, however, are ineffective (8,190). 

The choice of route is largely determined by convenience and available 

inoculation equiprrent. Vaccines can also I:e administerErl to l8--day-old 

embryos by a route that results in placement of the inoculum directly in 

the embryo or in the amnionic sac; either placement is effective (57). 

Mass vaccination methods have been disappointing. Spread of attenuated 

mildly virulent serotype 1 or serotype 2 vaccines by seeder chicks has 

been attempted with some success (8,19) but imnuni ty is slow to develop 

and the practice is now rarely usErl unless accompaniErl by concurrent 

inOCUlation with serotype 3 vaccine. Aerosol adnUnistration of cell-

free serotype 3 vaccine has been proposErl (191 - 194) but viraemia and 

antibodies were delayed and protection was inferior compared to chickens 

vaccinatErl by parenteral inoculation, especially in chickens with 

maternal antibodies (195,196). 

5.10 Reconstitution 

Cell-free and cell-associated serotype 3 vaccines are relatively 

labile after reconstitution and should be usErl as soon as possible, 

usually wi thin 30 minutes, to prevent unnecessary loss of titre. 

Factors affecting the rate of titre loss include diluent <197,198), 

source of virus <199,200) and holding temperature <198,201). The 

importance of thawing spee:l, thawing temperature, diluent temperature, 

vial rinsing, and other factors, on the potency of cell-associated sero

type 3 vaccines has been discussed by Halvorsoo and Mitchell (202). Such 

considerations, although of trivial scientific interest, are crucial if 

each chick is to receive a full dose of vaccine. 

5.11 Additives 

Dyes, antibiotics, and other viruses occasionally have been added to 

reconstitutErl MD vaccines prior to administration. This practice 

entails serious risks and is discouraged unless the additive has speci

fically been shown not to reduce vaccine potency or to interfere with 

irrmunity development. Although a number of antibiotics have been used 
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successfully in MD vaccines (193,203 - 205), problems have been experi

enced with others (198,203,205). MD vaccine has also been supplemented 

with fowl pox vaccine (206 - 208), Newcastle disease vaccine (209,210), 

infectious bursal disease vaccine (211), and reovirus vaccine ( 185) i 

detrirrental effects on MD irrrnunity were reported only in the case of 

reovirus vaccine. Vegetable dyes have been used with apparent success 

<18,205) to llOnitor the efficacy of subcutaneous inOCUlation proce

dures. 

5.12 Environrrental vaccination 

Protective viral strains naturally present in the environment of the 

chicken include not only serotype 2 but also unattenuated mildly viru

lent serotype 1 viruses. Despi te significant pathogenicity for 

genetically susceptible chickens, these mildly virulent strains offer 

substantial protection against inoculation or contact challenge with 

virulent serotype 1 strains in more resistant, commercial chickens (15). 

Such naturally occurring protective strains will protect unvaccinated 

chickens against subsequent exposure with more virulent strains (21,22, 

212), and may add to the protective efficacy of vaccines administered at 

hatching through the rrechanism of protective synergism. Dissemination 

of serotype 2 virus through a seeder chick prograrrme has apparently 

improved MD control in chicks vaccinated with serotype 3 virus at hatch

ing (175). Therefore, it seems likely that the efficacy of vaccines may 

vary on different farms depending on whether protective viral strains 

are present in the environment and when exposure to such strains occurs 

in relation to exposure to virulent strains. 

6. INVESTIGATION OF VJlCCINE FAILURES 

Both in the field and in the research laboratory, much effort has 

been committed to the retrospective determination of why MD losses are 

excessi ve in certain vaccinated flocks <126-128,213). In some cases 

it is desirable to monitor the vaccination and imnune status of flocks 

prospectively, to determine problems before they are reflected in 

increased MD losses. These have been difficult and usually unrewarding 

tasks, even for the most sophisticated laboratories. It may be useful 

to discuss which questions are most relevant, which can be studied pro

fl.tably, and how such studies might be accol!{llished. Sore of the 
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necessary procedures are described in Chapter 6. 

It is possible to determine if excessive losses are due to excessive 

exposure or to vaccine failure by comparing the response of vaccinated 

chickens to that of unvaccinated controls. If nonspreading vaccine 

viruses are used, the groups should be intermingled. One such field 

study in Maryland, a region noted for excessive MD losses in vaccinated 

broilers, showed that broilers vaccinated with serotype 3 virus experi

enced 0.5% condemnations from MD - an unacceptably high level - but com

pared to unvaccinated controls in the same house were protected at a 97% 

level (176); in this case vaccine efficacy was gocrl but challenge expo

sure was excessive. 

To determine if chicks were uniforrnl y infected with vaccine virus, 

peripheral blocrl lymphocytes from chicks at 7 to 21 days of age may be 

assayed for virus in chicken embryo fibroblast cultures and isolated 

viruses identified by plaque morphology or type-specific monoclonal 

antibodies. Tests on relatively few samples wil determine if a viable 

vaccine was administered. It is usually not feasible to determine if a 

small percent of the chickens were "missed" during vaccination because a 

prohibitively large number of chicks must be tested and because vaccine 

virus will not be recovered from every infected chick. However, inspec

tion of the inoculation site after addition of dye to the vaccine may be 

helpful. 

It is possible to determine the pfu dose of vaccine administered 

through in vitro assays on replicate ampoules or on the residual recon

stituted vaccine obtained from the hatchery. Ready access to a suitable 

laboratory is needed. The variation among laboratories in the sensi

tivity of virus assays is well known and hinders the establishrrent of 

absolute vaccine titres. This procedure is probably best used prior to 

purchase of vaccines. 

The magnitude and variation of maternal antibody titres can be 

determined by quantitative virus neutralization assays on serum from 

newly hatched chickens (167). As hOllOlogous antibodies are considered 

most detrimental, a cell-free virus of the sarre serotype as the vaccine 

is used as antigen. 

The susceptibility of chickens to MD can be evaluated by comparison 

with other strains; no absolute standard exists. For best results, the 
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chicks of several strains hatched at the sane tirre should be inter

mingled, exposed to MDV and observed. Vaccinated chickens may also be 

compared, as the ranking of the susceptibility of strains is similar in 

vaccinated and unvaccinated chickens (171), but larger lot sizes may be 

required. 

The type of vaccine used may be confirrred by isolating the virus 

fran the vaccine stock or from the vaccinated chickens and typing the 

isolate by plaque morphology and type-specific monoclonal antibodies 

(2). With the advent of vaccines containing multiple viral serotypes, 

this question may becorre more relevant. 

The age when chickens are exposed to virulent serotype 1 virus can 

be determined by several procedures. Virus isolation and serotyping at 

regular intervals from a proportion of the flock is probably the best 

procedure. The assay of feather tips for precipitating antigen has been 

used (A. Zanella and R. Marchi, personal comnunication) but this assay 

is not totally specific for serotype 1 viruses. Likewise, assay of 

serum antibodies reactive in the agar gel precipitin test against a 

serotype 1 virus antigen had been used with sorre success in chickens 

vaccinated with attenuated virulent serotype 1 virus (163,214). A sam

ple of chickens can be removed periodically from the flock and placed in 

an isolation cage for several weeks; a positive test is indicated by the 

appearance of MD lesions in the isolator (59). Ideally, nonvaccinated 

birds should be used, but vaccinated birds may be tested by including 

unvaccinated susceptible contact controls in each isolator. This proce

dure is sensitive and provides a more accurate and direct estimate of 

tirre of infection than the other al ternati ves, but requires speciali zed 

facilities. 

Very virulent serotype 1 isolates are detected in a flock with 

difficulty. The serotype 1 virus must be isolated, purified from 

viruses of other serotypes, propagated into suitable stocks, tested for 

pathogenicity by chicken inoculation, arrl, finally, used as a challenge 

virus in serotype 3 vaccinated and unvaccinated chickens. Known very 

virulent and virulent serotype 1 strains are useful as controls in the 

protection test. Isolates poorly protected against by serotype 3 

vaccine are designated as very virulent strains (16) but specific 

guidelines are lacking. This procedure is expensive, tirre--consuming, 
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and is used only as a research tool at present. Furtherrrore, very 

virulent strains, when present at low frequency, may not be detected by 

this procedure unless a large number of isolates are classified. 

It is not possible to determine whether a sufficient and appropriate 

irrrnune response has been stimulated by vaccination, as no suitable in 

vitro correlate of vaccinal irrmunity has been identified. A sample of 

chicks can be separated from the flock at 7 days and separately chall

enged, providing unvaccinated controls are also challenged and no prior 

exposure to serotype 1 virus has occurred. Ho.vever, the chance that 

useful information will be obtained by such a procedure is not high. 

Lesions may be confirmed as MD by gross and microscopic examination 

(215) but are best identified by the presence of turrour-associated anti

gen on the surface of living turrour cells (216,217). The importance of 

an accurate diagnosis to an evaluation of vaccine efficacy is obvious. 

Problems are rrost often encountered in chickens over 16 weeks of age 

with visceral lymphomas but without involvement of the bursa or the 

peripheral nerves. 

From the foregoing, it is clear that productive investigation of 

excessi ve losses in vaccinated flocks is difficult at best. However , 

wi th appropriate resources, sorre progress can be expected. This 

inability to identify specific factors contributing to increased MD 

losses has been a major hindrance to the development of rational solu

tions, and has prompted instead a variety of empirical approaches. 

Ho.vever, if specific causes can be identified, solutions may becorre 

evident. A list of types of vaccine failures, their causes, rrethods of 

confirming the causes, and possible solutions are listed in Table 2. 

7. ca.1PARATIVE EFFICACY OF VACCINES 

The increasing number of available types and combinations of 

vaccines for MD has created a greater need to conduct critical compari

sons of efficacy. As protection is a complex response influenced by 

many variables, many of which are difficult to control, precise esti

mates are inherently difficult to obtain. This section is designed to 

briefly present some general principles of efficacy eValuation and some 

of the available comparative efficacy data. 
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7.1. Efficacy tests 

The efficacy of vaccines is typically measured by COf!P&ing the 

frequency of MD lesions in vaccinated and unvaccinated chickens, each 

challenged with virulent serotype 1 MDV; the results are often expressed 

as percent protection. When two vaccines are compared, it rray be 

sufficient to determine the frequency of MD lesions in groups receiving 

different vaccines but similarly challenged with virulent MDV. Such 

tests are usually done in the laboratory where experimental variables, 

especially the spread of vaccine viruses among treatment groups, can be 

carefully controlled. Field tests, although considered a definitive 

test of efficacy for single vaccines, are difficult to apply for a com

parison of vaccines unless none of the vaccines spread by contact and 

the different treatment grou[S can be intermingled in a coIlllOn environ-

ment. Otherwise, large numbers of replicate farms rray be required 

<12,18) . 

The use of chickens with rraternal antibodies of all three serotypes 

rray be desirable since field use requires vaccines to be effective in 

the presence of homologous rraternal antibodies and since not all vaccine 

viruses are equally neutralized by homologous antibody (17). The chall

enge virus should be representative of the most virulent strain expected 

to be encountered in the field. Mixtures of challenge viruses rray be 

useful since no interference has been noted (R.L. Witter, unpublished 

data) and since vaccines exhibit a specificity of protection for certain 

virulent serotype 1 strains (16). It rray also be valuable to administer 

the challenge exposure early enough so that protection afforded by 

vaccines is in the range of 30 to 70%, thus facilitating corrparisons. 

Replicate lots can be used to control the variations between different 

isolation cages. The value of conducting preliminary trials to 

standardize the biological system should be obvious. 

Quantitative assays to determine the number of pfu of vaccine virus 

needed to protect 50% of chickens appear to be relatively inaccurate as 

indicated by wide 95% confidence intervals and variable slopes of res

ponse curves (66,156,218). The value of this method for the comparative 

evaluation of vaccines appears limited. 

Although MD mortality or lesions are the response criteria most 

frequently used, alternate criteria to shorten, simplify or otherwise 
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improve the procedure have been proposed. Since vaccination markedly 

reduces viraemia with serotype 1 challenge virus, serotype 1 viraemia 

has been used as a criterion to evaluate vaccine efficacy (17). The 

correlation between viraemia and lesion response appears strong and 

viraemia titres offer a quantitative method for measuring efficacy; 

however, the considerable variation in viraemia titres between similarly 

treated chickens has corrplicated the detection of statistical differ

ences among vaccines where differences in protection against lesion 

development were obvious (17). "A" antigen production in the feather 

follicle epithelium is considered a correlate of serotype I viraemia and 

has been used as a criterion of vaccine efficacy (A. Zanella and R. 

Marchi, personal communication) but vaccine strains of all serotypes can 

induce the same response, at least to some degree. Rejection of the MD 

turrour transplant, JMV ( 114 - 116) is another cr iter ion of vaccine 

efficacy. This procedure is much shorter than the conventional protec

tion test but interpretation of the results is difficult since JMV 

rejection is a measure of anti-tUllDur immunity but not of the llDre 

important anti-viral immunity, and since rejection is also influenced by 

histocompatibility antigens. Use of any of these alternate response 

criteria, therefore, may require appropriate caution. 

7.2. Comparisons 

An extensive body of literature has developed on the comparative 

efficacy of different commercial and experimental vaccines. Differences 

are subtle, and there is no agreement on which vaccine is superior. 

Because this issue has large potential economic impact and has been 

extensively debated, it seems appropriate to present briefly some of the 

considerations and literature relevant to the choice of an optimal 

vaccine. The principle comparisons are between cellular and cell-free 

serotype 3 vaccines, among the several vaccine virus strains, and 

between llDnovalent and polyvalent vaccines. 

Cellular and cell-free serotype 3 vaccines have been repeatedly com

pared. In some studies, the two vaccines have had similar efficacy (7, 

16,125,165,173,219 - 226), whereas in others cellular vaccine has been 

superior (66,157,162,164,168,227,228) . There are also a few reports 

where cell-free vaccine appeared llDre efficious than cellular vaccine 

(229 - 231). There seems little doubt that hollDlogous serotype 3 
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maternal antibodies have a greater detrimental effect on cell-free 

vaccine than on cellular vaccine ( 66), but this may be compensated for 

by adjustment of the vaccine dose. OVerall, there seems to be less risk 

associated with the use of cellular vaccine, but both types of vaccine 

provide adequate protection in most situations. 

Different strains of serotype 1 and 2 vaccine virus have also been 

corrpared, mainly against serotype 3 vaccine. Of a number of attenuated 

virulent serotype 1 vaccine strains evaluated, most were inferior can

pared to serotype 3 (6,7,165,224,229,232,233) but a few appeared corrpar

able to serotype 3 (4,222). Unfortunately, the only strain in this 

class to be widely used in the field, the attenuated HPRS-16 strain 

(150), has not been similarly eValuated. None of these attenuated viru

lent strains iswidely used at present, but this more likely reflects 

higher production costs than lack of efficacy. 

The efficacy of attenuated mildy virulent CVI 988 strain of serotype 

1 virus is generally similar to that of serotype 3 vaccine (12,121), 

even over long period of use in the field (12). SCIre v.urkers (8,234, 

235) found SOIlE advantage of CVI 988 strain corrpared to serotype 3 

vaccine, but others (43) found irrmunity was induced more slowly by CVI 

988 and Picault et al. (231) reported one strain of chicken where CVI 

988 was less effective corrpared to serotype 3. 

An experimental attenuated very virulent serotype 1 vaccine, 

Mdll/75C, was less effective than serotype 3 in chickens with maternal 

antibodies of all three serotypes, although this virus was actually more 

effective than serotype 3 in antibody-free chickens challenged with very 

virulent serotype 1 strains (16,17). 

Canparisons of serotype 2 and 3 vaccines have given mixed results. 

King et al. (168) found the SB-l strain of serotype 2 virus was less 

effective in the presence of serotype 2 maternal antibodies, but more 

effective in the presence of serotype 3 maternal antibodies than was 

serotype 3 vaccine. Schat et al. (133) found that vaccination with 

SB-l induced lower levels of protection in three strains of chickens 

than vaccination wi th serotype 3 virus. Canpared to serotype 3 vaccine, 

Witter (16) found the efficacy of SB-l lower, similar and higher in 

various trials, and in a later study (17) the tv.u vaccines were similar 

in nearly every corrpariscn. Another naturally avirulent strain, presum-
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ably of serotype 2, had roughly similar efficacy compared to serotype 3 

vaccine (6). 

Polyvalent vaccines, Le. vaccines composed of multiple virus 

strains representing different serotypes, appear clearly superior to 

serotype 3 or other rronovalent vaccines in protecting chickens against 

challenge with very virulent serotype 1 viruses (16,133) and in the 

field (lB,37). This advantage is apparent even in chickens with maternal 

antibcdies of all serotypes. Little difference was noted between the 

efficacy of a bivalent (serotype 2 and 3) and a trivalent (serotype 1, 2 

and 3) vaccine (lB) in maternal antibcdy-positive chickens. 

B. STRATEGIES AND PERSPECTIVES 

B.l. Current strategies 

There are generally three types of vaccination strategies, rrono

valent, alternate generation, and polyvalent. Monovalent vaccination 

involves the selection and use of a single vaccine virus. This approach 

has been used from the initial discovery of vaccines and is highly 

effective in rrost situations. Probably any of the corrmercial vaccine 

strains can be used to advantage. 

Alternate generation vaccination is a strategy that requires the use 

of vaccines of different serotypes in parents and progeny. Most cornn

only, parents are vaccinated with a serotype 1 or 2 vaccine and progeny 

are vaccinated with serotype 3. By this strategy, serotype 3 vaccine is 

administered to chickens lacking maternal antibcdy of the hOllOlogous 

serotype and, therefore, should be rrore fully effective. Full protec

tion of parent stock may be rrore difficult, however, since interference 

by horrologous maternal antibcdy will invariably occur, regardless 

whether serotype 1 or 2 vaccines are used. 

Polyvalent vaccination is a third strategy that utilizes the princi

pal of synergism between vaccine viruses to achieve improved protection. 

A mixture of two or rrore vaccine viruses, carefully selected for optimum 

synergism, is used. Normally the need for polyvalent vaccines is res

tricted to those farms and areas where other vaccination strategies have 

not been adequately effective. Such vaccines may be given to both 

parent and progeny flocks, since interference by horrologous maternal 

antibcdies, al though rreasurable, does not negate their effectiveness. 
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The J;X)ssibility of combining strategies 2 and 3 by vaccinating parent 

flocks with J;X)lyvalent vaccines canposerl of serotype 1 and 2 viruses, 

and vaccinating progeny with J;X)lyvalent vaccines canposerl of serotype 3 

plus additional viruses of serotypes 1 or 2 should be considererl. 

8.2. Benefits deriverl from vaccination 

Without question, the use of MD vaccines has producerl substantial 

economic benfits to the J;X)ultry industry. Condemnation of broiler 

chickens in the USA fran MD has decreaserl by about 95% fran peak levels 

reached in 1970 just prior to the advent of vaccination (Fig. 1). A 

variety of other benefits in both broiler and layer flocks have been 

noted. These include: 1) reduced condemnations of broilers for causes 

other than MD, 2 ) rerlucerl broiler rrortali ty, 3 ) reducerl broiler breerler 

rrortality, 4) reducerl layer rrortality, 5) reduced condemnation of layer 

hens, 6) irnproverl feerl utilization, and 7) increased egg production. 

Purchase and Schultz (236) estimaterl the annual benefit in the USA to be 

$168 million, largely fran increaserl egg production. These benefits are 

also discussed in Chapter 2. The overall efficacy of MD vaccines in the 

field is probably 90% or rrore, a level superior to that of rrost other 

vaccines in any species. 
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FIGURE 1. Broiler condemnations for Marek's disease in the USA. 

8.3. Future challenges 

Despite the success achieved thus far, interest in advancing tech

nology in MD irrrnunization remains high. Problerrs and research 0pJ;X)r-
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tuni ties are abundant. Ways to determine the cause of vaccine failures 

in a flock are urgently needed so that the rrost appropriate corrective 

strategies may be implemented. Embryo vaccination should be studied not 

only as a rreans of providing early protection against MD, but also as a 

rreans of reducing vaccination costs and administering other biologic 

products. Additional canbinations of vaccine viruses should be evalu

ated to determine those mixtures with optimal synergism for use in 

improved polyvalent vaccines. Developrrent of polyvalent vaccines of 

serotype 1 and 2 viruses for use in breeder flocks may be desirable. 

The relevant immunogenic proteins and their respective viral genes need 

to be determined. Knowledge of the mechanisms of vaccinal immunity is 

still incomplete; the role of lymphocyte subpopulations may be particu

larly important. Likewise, the rrechanism of protective synergism should 

be better understood. Application of the techniques of recanbinant DNA 

technology to the developrrent of subunit or recombinant live virus 

vaccines will certainly further knowledge on basic mechanisms of 

immunity, and in the long run may provide improved vaccines for comrrer

cial use. 

8.4. Conclusion 

It seems clear that vaccines will continue to be the dominant con

trol rrethod for MD for years to corre. Eradication on an industry-wide 

level will not be practical unless a vaccine or other procedure is 

developed to prevent infection with or shedding of virulent serotype 1 

MD viral strains. New vaccines may be necessitated by the continued 

mutation of virulent viruses. However, improvement of vaccines will be 

difficult because of the extremely high efficacy and low cost of the 

existing products. Even with improved vaccines, further gains in MD 

control may be minimal unless we develop rrore immunologically competent 

and genetically resistant chicken strains which will respond better to 

vaccines, and better husbandry and sanitation procedures which will 

lower MD exposure and reduce other immunodepressive stress. 
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9 • PRODUCTION OF Vl'CCINES 

A.E. CHURCHILL 

1. INTRODUCTION 

Experimental vaccines against Marek's disease (MO) were developed in 

1969 (1,2) and after extensive field trials began to become commercially 

available in 1970. In Chapter 8 attention is drawn to the types of 

vaccine strain available in comrrercial products and the tY.D forms of 

presentation, Le. cell-associated or cell-free (lyophilized). The 

cell-associated form of the vaccine was the first to be developed and 

set a precedent for the pharmaceutical industry. The production, 

storage and distribution of the product that had to be preserved at each 

stage in liquid nitrogen seerred a formidable undertaking but it was 

surprising that the problems were so rapidly overcorre that worldwide 

distribution of the product developed in a matter of rronths. The 

development of a freeze-dried product was soon to follON (3), but even 

up to the present day this has only proved to be effective in the case 

of the turkey herpesvirus (HVT), Marek's disease virus (MDV) being too 

unstable in the cell-free form for effective lyophilization. 

Like other live virus vaccines for use in poultry the product is 

supplied as a small multidose container of preserved virus. A second 

component consisting of a suitable sterile fluid is supplied for 

diluting the virus prior to its injection. 

2 • PRODUCTIOO MEI'HODS 

2.1. Substrates for virus propagation 

The first reported laboratory cultivations of MOV were in one case 

in cultures of primary chicken kidney cells (4) and in another in duck 

embryo fibroblasts (5). Virus has also been propagated in the fertile 

egg (6). The subsequently adopted substrates for corrmercial virus 

L. N. Payne (ed.), Marek's Disease. Copyright © 1985. Martinus Nijhoff Publishing, 
Boston. All rights reserved. 
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production have been primary chick embryo fibroblasts (CEF) derived from 

specific pathogen-free (SPF) flocks and duck embryo fibroblasts. No 

continuous cell line that 'M:mld be suitable for vaccine production has 

yet been found but if it were it would offer considerable advantages 

over the existing systems, avoiding the need for a continuous supply of 

fertile eggs fram SPF flocks. 

The essential steps in producing cell culture for virus propagation 

are described below. Variations in procedure do occur fram one 

cormercial company to another, but all of such information is not 

published or freely available. Therefore much of the information given 

below is drawn from the author's own experience. The steps are: 

1) SPF eggs are fumigated on receipt at the laboratory. 

2) Eggs are incubated for 10 to 12 days. 

3) After removal of dead and infertile eggs, the fertile eggs are 

transferred to a laminar flow cabinet where the shell is steri

lized, opened and the embryo removed. The methods of opening 

the eggs may vary from the use of mechanical shell cutters to 

manual opening using scissors and forceps. The batch size being 

handled will determine the usefulness of adopting mechanical 

means. Corrmercial production batches may use fram about 100 to 

2000 fertile eggs. 

4) Groups of decapitated embryos are pooled together in groups of 

up to 100. The tissue is then reduced to small fragments by a 

mechanical means of chopping. This procedure can be carried out 

manually using sterile scissors in a laminar flow cabinet, the 

embryos being collected in a large petri-dish. The cells of the 

fragmented tissue are then dispersed by conventional trypsiniz

ing procedures using 0.05% trypsin in Dulbecco's phosphate 

buffered saline part A (7). If the cell suspension after 

trypsinizing contains large cell clumps, these may be removed by 

passing the suspension through a stainless steel sieve with a 

mesh size of between 100 and 20011m. When the vaccine is to be 

cell- associated, it is important to establish cultures contain

ing a minimum of large cell clumps. This facilitates the optimal 

use of seed virus and aids the harvesting of well-dispersed cell 

suspensions. The recovery of large cell clurrps at this stage 
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introduces the need for a further sieving procedure before 

filling the product into the final container, with a consequent 

loss of infected tissue and a lowering of the final infectivity 

titre. 

5) After sieving, the cells are deposited from the trypsin suspen

sion by lCIN speed centrifugation at 1000 to 2000g. The cell 

deposit rray then be resuspended in a suitable volUITE of rredium 

for rraking a cell count. A yield of between 1 x lOB and 2 x lOB 

cells per embryo can be expected. A suitable dilution of the 

cells in growth medium can then be rrade to ensure the correct 

seeding rate for the chosen type of culture container. Such 

containers rray be flat-bottomed vessels for stationary incuba

tion or cylindrical vessels for rolled incubation. Examples of 

suitable containers either in disposable plastic or in glass for 

washing and re-use are shown in Fig. 1. A loaded roller 

apparatus of a type in common use is shCJNn in Fig. 2. 

Once a routine procedure has been established cell counting rray 

not be found necessary, and an empirical ratio of trypsinised 

embryos to containers can be adopted. Suitable rred.ia for cell 

growth rray be based on LAH medium (B), Eagle's minimum essential 

rred.ium (9) or rred.ium 199 (10), in each case buffered with sodium 

bicarbonate and supplemented with 5% calf serum. The trypsinized 

cells are suspended in the chosen grCJNth rred.ium at a concentra

tion of about 2 to 4 million cells per ml and the appropriate 

volUITE transferred to the grCJNth containers. As an example, 200 

ml of cell suspension is suitable for a roller bottle 40 an. 

long with a diarreter of 10 cm having a cell grCJNth surface area 

of 1,250 cm2 • Thus, the cell seeding rate is of the order of 3 

x 105 cells per cm2 . 

6) The incubation temperature adopted rray be 3Bo to 39OC. Under 

these conditions, the tirre taken for a rronolayer to develop 

suitable for infection is 2 to 3 days. In rolled cultures, a 

roller apparatus speed giving 5 to 10 revolutions per hour is 

suitable. 
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FIGURE 1. Types of culture vessel. 

Left to right, 1) Thompson bottle. Flat sided for stationary culture 

wi th IlOnolayer surface area of 364 c:rn2 . 2) Wide necked glass roller 

bottle with culture area of 1200 cm2 . 3) Narrow necked glass roller 

bottle with culture area of 1350 c:rn2 . 4) Disposable plastic roller 

bottle with area of 1690 c:rn2 . 



FIGURE 2. 

bottles. 
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Adjustable speed roller apparatus loaded with culture 
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2.2. Infection of cell cultures 

Cultures are infected from a preserved preparation of "w:::>rking" seed 

virus. This will usually be in the form of cell-associated virus, 

whether HVT or MDV. The w:::>rking seed will be one or tw:::> passages 

("primary" or "secondary" seed) beyond the master seed stock. The 

ability to introduce two cycles of propagation beyond the master seed 

passage level to make working seed ensures that the master seed stock 

will last virtually indefinitely, thus the continuing uniformity of 

quality of the finished product is better assured. 

The exact procedure at infection will vary from one manufacturer to 

another. In some cases a change fran growth medium to a maintenance 

medium with lower calf serum content (e.g. 1%) will be made while in 

other cases the infection may be made introducing the seed virus into 

the original growth medium. Where the latter rrethod is adopted, a pH 

adjustment at this stage by the introduction of additional sodium 

bicarbonate may be found necessary. Working seed virus in the form of 

infected cells are taken fran the liquid nitrogen storage and rapidly 

thawed by dropping the containers into a water bath at 37OC. This 

procedure should be carried out behind some form of shield because 

occasional containers will explode due to the sudden vapourisation of 

liquid nitrogen that has entered the container through an incomplete 

seal. The thawed seed is then introduced into the cell culture vessels 

at the appropriate rate. Infection rates of the order of 103 plaque 

forming units (pfu) per cm2 of llDnolayer are suitable. Higher rates 

than this may be used by some producers. Continued incubation after 

infection is for 48 hours where cell-associated vaccine is to be pre

pared and for 72 hours for cell-free vaccine. However, these intervals 

cannot be regarded as invariable as each producer will determine the 

optimum incubation period that applies to his own particular conditions 

and type of end-product. The rate of multiplication of different vaccine 

strains will vary and will be affected by differences in incubation 

temperature, resulting in variations in the optimum harvesting tirre for 

rraximum yield. 

A modification of the above procedure was described by Garrido 

et al. (11) in which a further addition of freshly trypsinized embryo 

cells was made to the infected cultures 1 to 3 days after infection. 
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Increased virus yields were obtained when the cultures were harvested 

after further incubation. Sorre rranufacturers have adopted this "multi

layer" technique for comnercial vaccine production, but in the author's 

experience the yields claimed for this rrethod can be obtained with the 

simple monolayer technique. 

2.3. Harvesting, filling and preservation of cell-associated vaccine 

The rrethods used in these stages are similar, whether the product 

contains attenuated MJV, HVT or blends of these. Sterility is rrain

tained by carrying out all procedures in laminar flow cabinets. 

2.3.1. Harvesting. The cells of the infected monolayer are removed 

fran the culture vessel using a phosphate buffered solution of 0.02% 

EDTA (pH 7.2) to which 0.05% trypsin has been added. A suitable pro

cedure is to discard the cell culture medium, wash the cell sheet once 

rapidly with the EDTA/Trypsin (E.T.) solution to remove traces of calf 

serum inhibition to trypsin, and then allow a fresh volurre of E. T. 

solution to act upon the cell sheet for a further brief period. This 

latter period is sufficient to allow the cells to conmence detaching 

from the vessel. At this point the bottle is drained, sealed and 

returned to the hot roan until the cells have detached. The cells are 

then resuspended in the freezing mixture and transferred to a bulk 

harvest container ready for filling out into ampoules. Alternatively 

the second addition of E.T. solution rray be left in the culture con

tainer until the cells have detached. 

It is then necessary to pellet the cells by centrifugation before 

they can be resuspended in the freezing medium. It is desirable to 

subject cells to the minimum possible traurra during harvesting as they 

are of increased fragility due to the developing cytopathology, and 

therefore it is preferable to avoid the latter rrethod requiring a 

centrifugation procedure. 

The freezing mixture rray be composed of cell growth rredium with an 

addition of 7.5 to 15% of dirrethyl sulphoxide <DMSO). This latter 

substance is toxic to cells and therefore the holding of cells for long 

periods at ambient temperatures after its addition should be avoided. 

Once cells are suspended in the freezing mixture, they should be 

held at 40C or alternatively filled out imnediately. Where the cell 

resuspension and bulking procedure is liable to be protracted the DMSO 
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rray be ani tted from the rredium used and only added just before filling 

out into amp:Jules begins. 

2.3.2. Filling: out the final container. In the production of this 

vaccine it is not possible to assay the bulked harvest before filling 

out the final =ntainers because the bulk cannot be held while awaiting 

the results of assays. Thus, the infectivity titre placed in each 

=ntainer cannot be accurately jJredetermined. The chosen resuspension 

volurre and the volurre filled into each container is determined empiri

cally, being based upon previous experience. The label applied to the 

finished product giving the number of doses in a container can only be 

chosen after the results of assays on the finished product are known. 

It is necessary therefore for the producer to have a range of product 

rrarketed of different dose numbers to avoid large losses from wastage. 

A suitable range to give satisfactory flexibility is fran 250 doses to 

2000 doses per =ntainer. 

This problem is compounded when the finished product is to be a 

canbined vaccine where the components are to be blended in suitable 

proportions before filling out. Decisions on the proportions of the 

blend must be rrade based on the expected titres of the components rather 

than on the assay results of samples of the actual harvest. As the 

number of components in a multiple vaccine increases the chances of such 

empirical blending producing the required infectivity proportions in the 

finished product are reduced. A preferable method is to fill each 

=mponent separately and =mbine them in the necessary proportions (at 

the dilution stage) just prior to administration. 

The numbers of doses per =ntainer should be varied by adjusting the 

dilution of the harvest rather than by altering the volurre filled into 

the final =ntainer. Different volurres in the final =ntainer from 

batch to batch would cause variations in the freezing characteristics of 

the batches, thus precluding the use of standard =nditions for 

freezing. 

Glass sealed amp:Jules are the most suitable type of =ntainer for 

product to be stored in liquid nitrogen. The efficiency of flarre 

sealing must be high to prevent the possibility of liquid nitrogen 

entering any containers. The comprehensive labelling of such containers 

is only possible by rreans of tags or by labelling a further outer 
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container as the full specification for the label, in particular the 

number of doses, is not detennined until after the product is put into 

liquid nitrogen. 

2.3.3. Preservation. It is useful to establish standard conditions 

for cooling the product through all batches produced. As long as the 

numbers of containers and the volume filled remain the same, very simple 

procedures can be adopted for the freezing process that will give 

uniformity of titre from container to container and minimal drop in 

titre from that harvested to that recovered when the final container is 

thawed for use. 

Cell-associated vaccine is normally stored and transported in liquid 

nitrogen at -196OC. The maintenance of the viability of the cells in 

the vaccine is essential. This is achieved by the use of the appro

priate protective agent (DMSO), a steady slow rate of freezing and rapid 

thawing When required for use. Optimal rates of freezing lie within the 

range of lOC to SOC per minute drop in temperature (11). This con

trolled rate of freezing can be achieved with sophisticated electroni

cally controlled programmable cryopreservation equipment but can also be 

satisfactorily achieved by the use of simple insulated boxes placed in a 

low temperature refrigerator. The automatic cryopreservation equipment 

constantly llDnitors the product temperature through a therllDCouple and 

adjusts the rate of cooling by means of controlled bursts of liquid 

nitrogen injected into the cooling chamber. It has the advantage that 

at the point of change of state an increase in the supply of coolant 

will be made to overcome the effect of the latent heat of fusion, thus 

ensuring a smooth cooling curve. An alternative, less sophisticated but 

nevertheless quite effective IlEthod is to put the batch of ampoules in 

an expanded polystyrene box and place this either in an electric -70OC 

refrigerator or in the gas phase of a liquid nitrogen vivostat. Such a 

box should have sides that are much thicker than the bottom to ensure 

that the cooling takes place through the bottom thus avoiding the 

possibility that the containers at the side cool much llDre rapidly than 

those in the centre. A IlEtal plate placed inside the container upon 

Which the aIIlfX)ules are placed will, through improved conductivity, help 

to ensure that all containers cool through the bottom at the SallE rate. 

A fine thermocouple (connected to a recorder) placed in one container in 
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the centre of the batch and one at the edge will allow a comparison of 

the t1ND cooling curves to confirm the un if onni ty of conditions at the 

two points in the box. This latter rrethod does not corrpensate for the 

production of latent heat at the change of state and a blip in the 

cooling curve will occur at this point. Also, when the temperature of 

the product approaches that of the environment the rate of cooling will 

slow as the temperature gradient decreases across the thickness of the 

bottom of the box. If the freezing is carried out in an electrical 

refrigerator the product nay be transferred to liquid nitrogen storage 

once the temperature has reached -60OC. 

2.4. Harvesting, filling and preservation of lyophilized cell-free 

virus. 

The w::Jrk of Calnek et al. ( 3) nade the developrrent of a corrmercial 

freeze-dried vaccine possible. However a sui table product of this type 

can only be nade from HVT, as a rrethod of stabilizing adequate titres of 

MDV through a lyophilization procedure has yet to be found. 

2.4.1. Harvesting. The cells of heavily infected monolayers showing 

extensive cytopathic effects are first rerroved fran the vessel. Exten

si ve cell disruption should be avoided prior to resuspending the cells 

in stabilizer. Cells nay be detached using the method previously 

described for cell-associated vaccine, or alternatively nay be removed 

mechanically by scraping, using a sterilized rubber bung attached to a 

stainless steel rod (Fig. 3). Once practice is achieved, the latter 

method is slightly less tirre consuming and gives similar yields. The 

cells are removed from the containers in a snall volurre of growth 

medium, deposited by centrifugation and resuspended in a suitable volurre 

of stabilizer for virus release by ultrasonic disruption of the cells. 

Other mechanical methods of cell disintegration nay be suitable, but the 

author has no experience of these and there is no published data on the 

efficiency of such methods. The basis of the stabilizer is a buffered 

solution of 8% sucrose. The resuspension of the cells in this prepara

tion will retain the infectivity of HVT when released fran cells by 

sonication. The suspension of the cells in the complete stabili zer (3) 

including the proteinaceous canponent (bovine albumen or N.Z amine) is 

not necessary at this stage and indeed is a disadvantage as the 

inclusion of protein results in excessive frothing during sonicaticn. 
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The absence of protein during sonication does not adversely affect the 

titre of infectious virus obtained (Fig. 4). The optimum conditions for 

virus release by sonication must be determined by the IlBnufacturer and 

will depend upon the type of equipnent used and the volumes being 

handled. Effective sonication IlBY be carried out on relatively small 

volumes of concentrated cell suspension, which are later diluted in more 

stabilizing solution with added protein before filling out. For optimum 

yields it will be found necessary to control the temperature of the 

suspension during sonication. A suitable means of doing this is to have 

the cell suspension in a stainless steel container in an ice bath. A 

plot is IlBde of sonication time against virus yielded at a given ampli

tude of the ultrasonic vibrations. The temperature is also monitored 

during such an experiment. 

~~..m:: - -- ... . .......... 
~~,.. • . HI- ._ .~ 

FIGURE 3. Illustration of the method of rronolayer rerroval at harvesting 

by scraping. 
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FIGURE 4. a) Graph of the relationship between sonication tiIre and 

cell-free virus titre in pfu. Disintegration carried out in a glass 

container in an ice-bath. Final temperature of suspension after 128 

seconds was 30OC. Final titre obtained was 9.3 x 108 pfu per roller 

bottle. Awroxirrate yield ~r cell was 3 pfu. b) Relationships as in 

a) (different harvest) but with sonication carried out in stainless 

steel container in an ice-bath. 0------0 

albumen included in stabilizer. x------x 

curve obtained with bovine 

curve obtained with bovine 

albumen excluded from stabilizer. Final temperature of suspension after 

240 seconds sonication was 24OC. 
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The plot obtained from two such experiments using an MSE ultrasonic 

rrachine with a 10 mn probe operating at an amplitude of 14 microns is 

given in Fig. 4. Provided the suspension was precooled in the ice bath, 

even after 4 minutes continuous sonication the temperature did not rise 

above 24OC. Even after the Il\3.Ximmn period of 4 minutes the titre of 

cell-free virus was still rising. The slope of the curve showed an 

approxirrate 2-fold titre increase for a 4-fold increase in sonication 

time. Where no attempt is rrade to control temperature, the curve will 

flatten out much earlier. After sonication any rerraining cell debris 

that has not been disintegrated rray be removed by coarse filtration or 

low speed centrifugation. 

2.4.2. Filling. For Il\3.Ximmn efficiency in the freeze-drying 

process the volume to be filled in the final container should be kept to 

the minimmn that is compatible with accuracy. This rray be in the region 

of 0.2 to 0.5 ml according to the filling apparatus used. However, some 

companies choose for c:onrrercial reasons to I113.ke the fill larger than 

this so that the customer can see better what he is paying for! 

An appropriate dilution is I113.de of the disintegrated cell suspension 

using complete stabilizer with the proteinaceous component included. As 

in the case of the cell-associated product, the infectivity titre filled 

into each container cannot be predetermined, so the dilution factor 

applied to the sonicate is based on previous experience and the final 

nmnber of doses required per container. 

2.4.3. Preservation. Standard freeze-drying techniques are used 

for the lyophilization of this product. The relatively high sucrose 

content of the stabilizer I113.kes drying to a final moisture content below 

1% difficult. A final moisture content of between 1 and 2% gives a 

stable product, which rray be given a shelf life of 12 months at 20 to 

BOC. During such a storage period a reduction in titre of less than 0.5 

loglO should be found. 

2.4.4. Diluent. A volurre of diluting fluid is supplied with both 

the cell-associated and freeze-dried product. The formulation of this 

diluent is different for each product. There are advantages in keeping 

the volurre of the inoculmn per anirral to a minimmn that is compatible 

wi th the accuracy of the autorratic in jection apparatus in use. The 

advantages are, less tissue traUI113. to the one-day-old chick and less 
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rrechanical work is necessary to deliver the inoculum reducing the 

possible damaging effect on cell viability in cell-associated vaccine by 

pressure changes. HCMever, sorre forms of apparatus cannot be relied 

upon to deliver volumes of less than 0.5 ml without a high percentage of 

error. Good quality syringes can deliver 0.2 ml accurately and the 

supply of volumes of dilutent based on this inoculum afford considerable 

economies in storage space and transport costs. 

A variety of formulae for the diluting fluid of cell-associated 

vaccine are suitable. Basically the requirerrent is for a fluid that 

will maintain cell viability with a minimal drop in infectivity over the 

period that diluted vaccine is likely to be in use at the hatchery or 

poultry farm. Suitable formulae range from complete cell culture medium 

to a sirrple buffered saline with a proteinaceous additive such as lact

albumen hydrolysate. The latter type of combination has the advantage 

that it can be heat sterilized, whereas the former would be sterilized 

by filtration. Such diluting fluids are quite unsuitable for lyophil

ized vaccine where a stabili zer for cell-free virus is necessary. A 

buffered solution of sucrose serves this purpose. The sucrose con

centration is kept d= to the minimum that is corrpatible with adequate 

virus stability. A solution of 2% sucrose will achieve this, buffered 

wi th phosphate to a pH of 7.0 to 7.2 (13 ) • Higher concentrations of 

sucrose may cause injection apparatus to stick. 

3. OJNCLUSION 

The recommendation of vaccination equiprrent and rrethods is also part 

of the producer's responsibility, however, these matters are covered in 

Chapter 13. Likewise, the quality control of the product is an integral 

part of the production process. The methods adopted are influenced by 

statutory requirements and a discussion of these will be found in 

Chapter 10. Therefore, this chapter has been confined essentially to 

the practical considerations of the production process. 
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10. QUALITY CDNTROL AND STANDARDIZATION OF VACCINES 

DENISE H. THORNTCN 

1. INTRODUCTION 

Vaccines against Marek's disease (MOl have been generally the IlOst 

successful irrmunological products introduced to the poultry industry in 

recent years, but some vaccines have also been disastrous, being 

ineffective or contaminated and causing serious financial losses. In 

order to avoid such problems, it is essential that care is taken to 

ensure the product is prepared in accordance with good manufacturing 

practice. Quality control must be exercised at each stage of production 

fran starting materials through to the final product to ensure each 

batch is safe and efficacious. 

In this Chapter, a discussion of control procedures is followed in 

Section 6 by recoomended test Irethods. 

2. SAFEI'Y 

2.1. criteria for vaccine strains 

There are those who \IOuld question the wisdan of allowing the use of 

any live herpesvirus vaccine because of the possibility of latency and 

reacti vation, leading to disease. 

have been noted with MO vaccines. 

HCMever, no long term ill effects 

The vaccine strain should be safe for the target species and it 

should not pose a hazard to wildlife or to man during manufacture, 

administration or by spreading fran vaccinates. No such hazard has been 

identified, but care should be taken to avoid unnecessary exposure: for 

instance, administration by spray is not to be recoomended (ll. 

Consideration should be given to the desirability of cloning seed 

viruses for live vaccines. The IlOre conventional Ireans of developing 

vaccine strains, attenuation by passage, has been likened to genetic 

L. N. Payne (ed.), Marek's Disease. Copyright © 1985. Martinus Nijhoff Publishing, 
Boston. All rights reserved. 
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roulette (2). The final viral population resulting from repeated 

passage in embryonated eggs or cell cultures is genetically very 

heterogeneous and may contain virulent components that could be 

reselected by reverse passage. On the other hand, cloning may lead to a 

selected population ineffective in sorre situations. In addition, the 

stability of cloned populations is being questioned nCM that sensitive 

rrethods are available to select and detect variants; herpesviruses, 

however, being double-stranded DNA viruses, are probably among the more 

stable (3). 

A desirable feature of vaccine strains is the presence of a genetic 

marker, because of its value for virus identification during vaccine 

manufacture. HCMever, its main use is in facilitating field inves

tigations where vaccine safety or performance is suspect (4). At pre

sent, rrethods of distinguishing field isolates of Marek's disease virus 

(MDV) from vaccine strains are limited to serological and pathogenic 

features which do not give a clear distinction and which are not univer

sally applicable (5,6). For instance, naturally apathogenic strains 

used as vaccines have many of the characteristics of field viruses. 

Such strains are also able to spread from bird to bird. with the current 

lack of knowledge about the recombination rDtential of MDV' s, particu

larly as field virus continues to infect and to replicate in vaccinated 

birds, caution should be exercised when deciding whether to accept such 

vaccine strains (7). In the future it is possible that reactions with 

rronoclonal antibodies (8) or rrolecular characteristics (9) will provide 

satisfactory distinctions between vaccine and field strains. 

Exotic strains should be introduced with care: if they are not 

essential for controlling disease, they may only prove to be a source of 

new genetic material which increases the variability of field viruses. 

Vaccines against MD are prepared using a seed lot system whereby a 

stock of master seed virus is produced and all batches of vaccine are 

prepared from this within a limited number of passages. It is therefore 

possible to carry out extensive testing of the master seed virus, or a 

representative derivative, to establish that it is free from pathogenic 

and oncogenic effects, and to carry out rrore limited testing on each 

vaccine batch. 

2.2. Safety of seed virus 
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The strain should be extensively examined to ensure it does not 

cause gross lesions. The extent of any danage to neural and visceral 

tissue should be assessed histologically. Although vaccine strains rray 

produce microscopic lesions in very susceptible birds, they should be no 

IlDre than minor and transient. Such lesions have been seen with strains 

of the herpesvirus of turkeys (IW!') (10). However, the CVI 988 strain 

of MDIl used as a vaccine strain was shown to be capable of producing 

gross neural lesions and death (11). 

The strain should be stable in its avirulence. No problems have been 

found with HVT vaccines or with attenuated non-spreading strains of MDV 

which have lost the A antigen. No increase in virulence was noted when 

the CVI 988 strain was passaged through chickens (12). Genetic markers 

should rerrain present throughout chick passages. 

Finally, when the vaccine has been deemed safe by in-house trials, 

the safety of the strain is confirmed by field use in large numbers of 

birds of various breeds. 

2.3. Safety of final product 

The extent of safety testing of the final product can be limited to 

a test to detect errors in rranufacture. Each batch of diluent should 

also be tested either alone or when used to reconstitute the vaccine. A 

simple error in the buffer composition of diluent has been known to have 

an adverse effect in chicks (D.H. Thornton, unpublished results). 

Chemical tests and pH measurement can be used to check for such errors. 

3. EFFICACY 

3.1. Criteria for seed strains 

Factors to be taken into account in respect of efficacy are the 

genetic susceptibility of conmercial chickens, the virulence and 

serotype of prevalent field viruses and the level and specificities of 

rraternal antibodies. Sui table strains rray be selected for particular 

situations on the basis of inforrration given in Chapter 8. 

3.2. Efficacy of seed virus and vaccine 

Extensive tests should be done on rraterial derived from the seed 

virus at the rnaxinrum end of the passage range that will be used for 

vaccine production. 

The extent of passaging after initial isolation should be as res-
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tricted as pJssible. Sore viruses that have been extensively passaged 

in vitro do not provide adequate protection (13, 14 ) • Characters such as 

plaque rrorphology ( 15 ) and growth at normal temperatures (13,16) may 

change during passage and a careful examination should be made of these 

features at all passages wi thin the range used. Any change noted \\Ould 

cast suspicion on the acceptability of the seed virus. The plaque rror

phology of a non-protective isolate of HVT CD.H. Thornton, unpublished 

results) is shCMl1 in Fig. 1. The range of passages for vaccine is 

limited in the US regulations to no rrore than five from the master seed 

virus (17). 

FIGURE 1. Plaque rrorphology of a non-protective turkey herpesvirus 

vaccine. 

When both cell-free and cell-associated vaccines are to be prepared 

fran the sarre strain, each should be tested. The tests must include a 

derronstration of protection in a situation that parallels the rrost 

severe challenge in the field, using genetically susceptible birds and 
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early exposure. The influence of maternal antibody should also be 

assessErl. It is not possible at this stage to rely 00 tests other than 

those that demonstrate protection against challenge. 

The batch potency tests, including virus content assay, which should 

be used on all batches of vaccine, should be carried out on the material 

usErl in the protection trial. The values obtainErl are then usErl to fix 

the minimum pass level for these tests. For instance, it is unaccep

table to rErluce the virus content of batches to a level below that shown 

to confer protection. 

Finally, the efficacy of the vaccine should be confirmed in the 

field using various breErls of birds with various levels of maternal 

antibody, including antibody to the vaccine strain produced in response 

to double vaccination of parents. Other influences, such as inter

ference by other medicaments, may become apparent in the field situation 

although some of these can be examinErl during in-house trials. Birds 

should be nnnitorErl throughout their life to confirm that adequate 

imnunity persists, as the disease may take a long time to manifest 

itself, particularly in partially imnune birds. 

3.2.1. Protection tests. For evaluation of vaccine strains and 

particularly for CO!l'parison of vaccines, a standardizErl test method is 

desirable, and a reference preparatioo should be includErl in order to 

reduce test-to-test variation. The challenge should be done as early as 

possible, certainly within a week of vaccinatioo. Rapid development of 

protection is an essential feature, for chicks in the field are exposed 

to infection alnnst imnediately. Late challenge in the experimental 

si tuation may fail to detect an inadequate product. A vaccine which 

proved to confer inadequate protection in the field was shown to provide 

no protection in a laboratory test when challenge was carried out imned

iately after vaccination (18) or at 5 days, but at 28 days protection 

was afforded (D.H. Thornton, unpublished results). This vaccine was 

thought to consist of a mixErl population, and the delay probably allowErl 

replication of the protective constituent sufficiently to confer protec

tion (D.H. Thornton, unpublishErl results). Other experimental vaccines 

that failed to confer adequate protection were detected by challenge at 

9, 14 or 22 days (13,15). An additional point in favour of early 

challenge is the development of age-related resistance in the bird (see 
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Chapters 7 and 11). This rrakes it difficult to obtain a sufficiently 

high proportion of affected birds in the unvaccinated control group. 

Protection should be based on prevention of clinical signs, death and 

gross lesions. Attempts to assess microscopic lesions are complicated 

by the effects produced by the vaccine itself and in any case such 

lesions alone are probably of little significance to the bird. 

'I\o.D types of test have been described, the protection index test 

(19), where a single dose level of vaccine is used to compare the inci

dence of disease in vaccinates with that in controls, and the PDSO test 

(19,20). The PD50 test has been criticized on the grounds of variability 

(21) but the protection index test is less sensitive (19). The results 

obtained with an unsatisfactory product (18) sheM that both types of 

test ~uld detect such a vaccine. Typical vaccines give protection 

indices in excess of 80 (22) but this is influenced by very virulent 

challenge strains (23). PDSO values of 4 plaque forming units (pfu) 

have been obtained for !WI' (24) and 16 to 7S pfu for CVI 988 virus (21). 

It has been proposed that a higher PDSO content is required for cell

free vaccines because these are more inhibited in the presence of 

maternal antibody (25). 

3.2.2. Compatibili ty. 

many other medications. 

MD vaccines are given at the sane tirre as 

The irrmuni ty conferred by a typical batch of 

vaccines should be shown not to be reduced in such circumstances, nor 

should the vaccine impair the performance of other products. Products 

that have been examined for compatibility incltrle antibiotics (26), and 

vaccines against reovirus (27), Newcastle disease (28) and fowl pox 

(29) . Interference by infectious bursal disease vaccine has been 

discussed (30). 

3.2.3. Virus content assay. The specifications for acceptable virus 

content should be based on the quanti ty required for effective protec

tion. Virus content tests can only be used as a rreasure of batch to 

batch consistency: they cannot replace protection tests. Sorre vaccines 

shown to have adequate virus content failed to stimulate satisfactory 

responses in vivo ( 13,15,16,18). Many vaccine strains replicate better 

at 370C than at the nonnal bird temperature (31), and temperature

sensitive strains have been shown not to protect (13) or infect chickens 

(16). 
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Although in ideal circumstances very small quantities of suitable 

virus (approximately 1 pfu) will infect and eventually protect antibody

free birds, the vaccine should stand up to the toughest field situa

tions, and sorre excess should be included to allow for a certain arrount 

of misuse. In rrost cases, a figure of 1000 pfu per dose has been 

settled upon, although suggestions for a higher value for cell-free 

vaccines have been made. The test is very subject to technical 

variation and it is advisable (19) to use a standard vaccine tested in 

parallel. Such 0. standard has been shown to reduce assay variation (32) 

and it may be used either to determine the validity of the assay (33) or 

to express the results of the vaccine in terms of the standard ( 34) . 

Important features of the test are adequately drained culture plates, a 

small inoculum volurre for cell-free viruses, and the appropriate incu-

bation temperature. 

plaques have fomed 

The plaques must be counted before secondary 

( 35) : the formation of secondary plaques can 

alternatively be avoided by using a solid overlay. For vaccines that 

form macroscopic plaques, plates can conveniently be examined after 

staining using a microfilm decurrent reader. The reliability of the 

assay depends upon the number of plates and dilutions used and the range 

of plaques per plate which it is considered valid to include (36). It 

is important to randomize the cell cultures and to count plaques without 

reference to the expected answer. Retest limits for borderline results 

have been suggested (34). 

3.2.4. Viraemia assay. The viraemia response is a reliable 

indicator of protection against challenge. No instances have yet been 

reported of vaccines which produce rapid viraemia but fail to protect 

against challenge by horrologous strains, whereas several vaccines that 

fail to protect also fail to stimUlate viraemia promptly (13,15,18,37). 

The viraemia assay may be of value in screening potential vaccines. 

3.2.5. Antibody responses. The antibody response following 

vaccination is not considered to be a major factor contributing to 

protection against challenge, so such a test can only be used to assess 

batch-to-batch consistency. For this purpose, a virus-content assay is 

quicker, cheaper and less variable, and it avoids the use of animals. 

3.2.6. Cell-IlEdiated irrrnune responses. These responses are rrore 

likely to reflect protection against challenge. Sare test rrethods have 
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been described (38) but much more work needs to be done to correlate the 

results of such tests with ability to confer protection. 

3.2.7. Stability. To establish the shelf life of a product, 

batches of the vaccine should be stored at the recaT1Irended temperature 

and titrated at intervals until beyond the proposed shelf life. The 

titrations should be done in canparison with a standard vaccine or, for 

freeze-dried vaccine, with samples stored at -20OC or below. Accelerated 

degradation tests on freeze-dried products, that is titration after 

incubation for short periods at high temperatures, cannot be used to 

predict long-term stability. However, those products that show little 

loss after incubation at 370C for 7 days are likely to be adequately 

stable at 4OC. It has been suggested that vaccines should contain at 

least 500 pfu per dose after incubation at 370C for 7 days (39). Such 

tests are of value in screening stabilizers and other variables that 

affect stability. They also indicate whether the product will with

stand a certain degree of incorrect storage. For freeze-dried products, 

vacuum and residual moisture checks during storage are of value. Such 

checks should also be done after withdrawal fran storage in the deep 

freeze if the freeze-dried product is stored in the freezer, as the 

stopper may be affected, leading to moisture ingress and product deter

ioration (D.H. Thornton, unpublished results). A survey revealed that 

some products on the market may be insufficiently stable (40). 

Stabili ty after reconstitution is also irnpJrtant, as the vaccine may 

be left for sorre tirre at hatchery temperature. The ingredients in the 

diluent are of irnpJrtance; sucrose is essential (41). The product con

taining sucrose, phosphate, glutamate and albumin (SPGA) (42) is one of 

the best substances but various anissions and amendrrents may be made to 

the formula without unacceptable deterioration (43). 

4. PURITY 

The purity of the final product depends on the purity of the 

starting materials and on protection against contamination during 

manufacture. The principle is that rather than relying on testing the 

final product, care should be taken to ensure that contamination does 

not oc= by using ingredients that have likewise been shielded fran 

contamination. The three main areas of concern are the substrate used 
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to grow the vaccine, the seed virus and rraterials of anirral origin. 

However, other ingredients should be effectively sterilized before use: 

bacterial contamination of a vaccine resulted from the use of dirrethyl 

sulphoxide that had not been sterilized (D.H. Thorntcn, unpublished 

results). However, the final product should also be carefully examined: 

any contaminant will have had the opportunity to replicate during pro

duction and rray be IlDre readily detected. The final product is also the 

only material normally available for independent scrutiny by the con

surrer or national control authority. Detection of contaminants which 

the manufacturer fails to find is an indication of inadequate testing 

procedures. 

4 .1. Substrate 

At present, all avian cell lines are overtly transformed and hence 

are not considered sui table for vaccine producticn. The potential for 

growth on marrmalian cell lines has not been extensively explored. MD 

vaccines are therefore prepared in primary avian cell cultures. This 

has the advantage that contaminants typical of cell lines passaged in 

the laboratory (44), such as cell-culture adapted mycoplasmas, contamin

ation by foreign cell lines and induction of endogenous C type viruses, 

are not usually a problem. However, it does mean that validation of a 

rraster cell stock is not possible, so each batch of cells represents a 

risk. The first and rrajor step is to use a cell substrate obtained from 

specific-pathogen-free (SPF) flocks. These are closed flocks which are 

regularly deITDnstrated to be free of avian pathogens. RecClll'm2ndations 

for the housing and management of such flocks have been published (19). 

Great care should be taken at the onset to ensure that each bird is free 

from vertically transmitted agents and that the flock is free from hori

zontally transmitted agents. Serological tests should be supported by 

virus isolation attempts where necessary. The extent of further testing 

may depend on the risk of introduction of the agent, its rate of spread 

and the sensitivity of its detection. The screening regirre should be 

organized so that the results of samples taken before and after 

collection of eggs for vaccine production are known to be satisfactory, 

to ensure active infecticn was not present at the crucial time. 

Normally, chick embryo fibroblasts are used for vaccine production. 

In some cases, chick kidney cells rray be required. In this case, these 
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must be from chicks derived from SPF embryos hatched and reared in 

isolation. SOllE viruses have been shown to grCM better in duck cells 

than in chicken cells. Havever, insufficient is known about agents 

infecting ducks and their possible effect on chickens to recorrurend a 

testing regirre - but enough is known to advise against the use of 

heterologous cells. Egg drop syndrorre 76 virus, for instance, may have 

been introduced into the chicken population in a vaccine grown in duck 

cells (45) and reticuloendotheliosis virus, found in MD vaccines in 

Australia (46) and Japan (47), is known to infect ducks and may have 

been introduced by use of duck cells. 

The second area of control is to prepare uninoculated cell cultures 

fran each production batch of cells and to carry out purity tests on 

these. Such tests may prove more sensi ti ve than flock screening for 

certain agents such as reovirus and adenovirus. 

4.2. Substances of animal origin 

Substances of animal origin used in MD vaccines include serum, 

trypsin and bovine serum albumen. These substances may be contaminated 

wi th mycoplasmas and bacteria and their associates such as toxins and 

phages. Bovine (44) and porcine (48) viruses may be present too. 

Although such viruses are not nati ve to the chicken, many viruses 

replicate readily in chick embryo cells, so they could be present in 

significant numbers in the final product. They may represent a risk to 

vaccinates - the potential for 

investigated at all thoroughly. 

interspecies infection has not been 

The risk to humans during manufacture 

and administration must also be considered. Risks in both these areas 

also apply to large animals: cross-contamination may occur during 

vaccine manufacture or administration. The acceptability of such a risk 

must be carefully considered when defining the precautions to be taken. 

The problem can be approached in several ways ( 49 ) • The substances may 

be derived from a SPF source. It may be decided that indigenous conven

tional animals are sufficient to avoid the risk of introduction of 

exotic viruses: however, most products are sold in more than one 

country. Alternatively the substances may be tested for freedom fran 

contaminants or they may be treated in a manner that will destroy them. 

Tests should include culture on cells of the species of origin with 

observation for cytopathic effects, haemadsorption and specific tests 
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for agents of particular concern (17). Irradiation with gamma rays (2.5 

rregarads) is suitable for inactivation and trypsin can be treated at pH 

1 (50). Bovine serum alburren used as a stabilizer for vaccine and 

diluent can be omitted or replaced with autoclavable substances. 

'rhe substances should in any case be tested for freedom from 

bacteria, fungi and mycoplasma and, if used for cell growth, should be 

used in the control cell cultures. 

4.3. Seed virus 

It is possible that the vaccine manufacturer may not obtain the 

vaccine seed until it has been attenuated or otherwise treated during 

developrent stages and therefore has had no control over environrrent, 

substrates or substances of animal origin already used. Hence the virus 

may need to be purified and appropriately tested for purity before 

preparing a master seed virus. 

The seed should be derronstrated to be free from the list of agents 

applied to SPF flock testing. If the strain is of turkey origin, in 

addition, the absence of lymphoproliferative disease and haerrorrhagic 

enteritis viruses should be ascertained. 

Cell cultures used for passage may have contributed contaminants; if 

duck cells have been used then duck hepatitis viruses types I and II, 

duck virus enteritis, Pasteurella anatipestifer and Chlamydia should be 

shown to be absent. 

The virus should be tested in suitable cell cultures for viruses 

likely to be present in serum and trypsin. It should be tested for 

laboratory acquired contaminants, incllrling other vaccine strains, and 

for bacteria, fungi and mycoplasma. A vaccine seed contaminated with 

Mycoplasma hominis was found to give rise to several batches of contam

inated vaccine (D.H. Thornton, unpublished results). 

4.4. The final product 

4.4.1. Freedom from bacteria, fungi and mycoplasma. Such tests on 

final container samples serve solely as a check for gross contamination, 

and are no substitute for good manufacturing procedures. 

The tests for bacteria and fungi should be based on a random 

selection of containers taken from each stage exposed to a different 

contamination risk, for instance, each filling and freeze-drying lot. 

Mycoplasma tests should be done on a representative sample of each 
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batch. Diluents should be tested for ~coplasma if they are not 

terminally sterilized. 

The quality and freshness of the media are of the utmost importance 

particularly for detecting salrronella (51) and ~coplasma (20). One of 

the recorrmended media for ~coplasma detection (17) has been shown not 

to support the growth of a mycoplasma present in a vaccine (52). 

Recently isolated low passage strains should be used to test each batch 

of medium for its ability to initiate and maintain the growth of a range 

of organisms in the presence and absence of the test material. The 

abili ty of the media to support growth is rrore important than their 

composition; however, several media have been suggested (17, 53-55). 

Inhibitory substances present in the vaccine or diluent should be 

rerroved, neutralized or diluted out. Membrane filtration can be used 

and this technique is recorrmended for testing diluents. The media must 

of course be checked before and during use to ensure they are sterile 

and the tests must be conducted in a sui table environment. Retest 

criteria must be decided to ensure that extraneous contamination is 

recognised as such. 

An in vivo test may be included for detection of Salrronella 

pullorum, Mycoplasma gallisepticurn and M. synoviae. A canparison (56) 

of in vitro and in vivo tests for ~ gallisepticurn and M. synoviae as 

suggested by the European Pharmacopoeia (53) showed similar sensitivity; 

unfortunately the rrost effective route of inoculation, the intratracheal 

route, has been omitted fran the later version of the European 

Pharmacopoeia (54). 

4.4.2. Freedan fran extraneous viruses. Several instances of con

taminated MD vaccines have been recorded. The rapid turnover of poultry 

and the widespread use of vaccine can mean that a contaminant has became 

widely disseminated before its presence and implications are realisEd. 

Sane contaminated vaccines have led to serious financial loss. A reo

virus was found in a MD vaccine in Germany (57) and reticuloendothe

liosis virus in vaccines in Japan (47) and Australia (46). Egg drop 

syndrome 76 was possibly introduced via a MD vaccine (45). A case of 

Aujeszky's disease in chicks following MD vaccination was due to the 

presence of Aujeszky's disease vaccine, although it is not clear at 

which stage this was introduced (58). A lentogenic strain of Newcastle 
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disease virus found in a MD vaccine is thought to have occurred 

following inadequate separation during manufacture (D.H. Thorntcn, 

unpublished results). The day-old chick has poor defence against admin

istration of a pathogen by injecticn: it is not fully irrmunocanpetent, 

its natural secretory defences are by-passed and it has rapidly replica

ting tissue favoured by many viruses. These features may help to explain 

why MD vaccines cause more problems in the field than other vaccines; no 

other product is given in this way on such a scale. One of the other 

main reasons is the use of seed virus and cells derived from heterolo

gous sources or those that were not SPF. Care must be taken in respect 

of extraneous agents right up to the stage of vaccination; losses 

through Pseudomonas aeruginosa contamination of inoculation equiprrent 

have been reported (59). Needle transmission of avian leukosis virus 

has been derronstrated experimentally during MD vaccination (60) and it 

has been suggested as a rreans of spreading egg drop syndrorre 76 virus 

(61), 

Tests for extraneous viruses on the final product should include the 

canplete range. In all tests where cell cultures or anbryonated eggs 

are used the test material should be passaged; a test recorrmended for 

detecting Newcastle disease virus without passage (17) is not suffi

ciently sensitive. 

Iroculation of neutralized virus in chick kidney, chick anbryo 

kidney or chick anbryo liver cells followed by examination for cyto

pathic effect can reveal reoviruses and adenoviruses. Haemagglutination 

and haemadsorption tests on the cultures may derronstrate the virus of 

egg drop syndrorre 76. Passage in suitable genetically susceptible chick 

anbryo fibroblast cell cultures followed by the COFAL test, phenotypic 

mixing test or ELISA should be done for detection of leukosis virus. 

Chick anbryo fibroblast cultures can also be used to examine for reticu

loendotheliosis virus by the fluorescent antibody test (62). Inoculation 

of anbryonated eggs onto the chorioallantoic manbrane should detect 

infectious laryngotracheitis and fowl pox viruses. Inoculation into the 

allantoic cavity followed by haemagglutination tests will reveal 

Newcastle disease and influenza viruses. Staining of cells harvested 

fram the allantoic fluid by the fluorescent antibody test (63) was shown 

to be the most sensitive rrethod of detecting infectious bronchitis virus 
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(64). Infectious avian encephalomyelitis virus can be detected by 

hatching inoculated embryos or inoculating day-old chicks intracere

brally and observing the chicks for clinical signs. The fluorescent 

antibody test in chick embryo brain cells may prove to be a sui table 

al ternati ve (D.H. Thornton, unpublished results). Vaccine strains of 

MD\7, HVT and infectious bursal disease may be detected by examination 

for cytopathic effects or lesions in the cell culture and embryo tests 

described above. Field strains of these agents are unlikely to be 

present in the final product as they are not egg transmitted. H0\\>2ver , 

if it is considered desirable to include a test for such strains, the 

IIDSt sensitive way to detect them is probably an in vivo test which 

incl udes observation of neural, visceral and bursal tissue for lesions. 

Careful clinical observations should also be rrade. Serological tests 

can also be done on these birds for a complete range of agents. Although 

for the IIDre likely vaccine contaminants bird inoculation rray be the 

least sensitive test method, it is the only one where it is possible to 

avoid the use of neutralizing serum to prevent lesions caused by the 

vaccine virus and it may lead to the detection of previously 

unrecognized agents. 

5. STANDARD PREPARATIONS 

The inclusion of a reference vaccine in some tests, particularly the 

tests for potency and virus content, should be done wherever possible. 

The preparation of reference vaccines for HVT and CVI 988 strains was 

recomrended by the International Association of Biological 

Standardization (19). Other standardized reagents are needed for tests 

such as control strains of micro-organisms (20, 53,55) and viruses for 

testing for sterility and extraneous agents. Seed strains and samples 

of serre reagents may be obtainable fran national control authorities 

(17 ,55). 

6. ROCOMMENDED TESTS 

The tests suggested here are based on those recorrrnended by the 

Ministry of Agriculture, Fisheries and Focx:l (MAFF) (55), the British 

Pharmacopoeia (BP) (20), the European pharmacopoeia (EP) (53,54), the 

United States Code of Federal Regulations (CFR) (17), the International 
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Association of Biological Standardization (lABS) (19) and independent 

publications referred to previously. The guidelines of other national 

authorities have also been consulted. The status of these tests varies; 

those of MAFF and cm are specifications for manufacturers, whereas the 

Pharmacopoeias are for independent analysts assessing the final product. 

No rronograph for MD yet appears in the EP: however, it does include 

tests for sterility and absence of extraneous micro-organisms and 

viruses, though strictly speaking these only apply to products for which 

a rronograph exists. The tests of the IABS are international recorrrren

dations. Detailed rrethods for serre of the tests are included in these 

publications and the USA issues Supplerrental Assay Methods for sorre 

tests (17). 

The tests, and their stages of application, are listed in Table 1. 

TABLE 1. Recanrrended test schedules 

Test 6.1 6.2 6.3.1 6.3.2 6.3.3 6.4 6.5 6.6 6.7.1 6.7.2 6.8 6.9 

Stage 

Flock x 

Seed x x x x x x x 

virus 

Control x 

cells 

Vaccine x x x 

harvest 

Final x x x x x x x 

vaccine 

Diluent x x x x 

6.1. Specific-pathogen-free flocks 

Flocks used to produce cultures and embryos for vaccine production 

and testing should be free fran the agents listed in Table 2. Methods 

for detecting these agents are also suggested. 
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TABLE 2. Recommended testing of specific-pathogen-free flocks 

Agent 

,;denov 1. rus 

Avian 
encephalomyel1.tl.s virus 

Infectious 
bronchi tis virus 

Infectious 
laryngotracheitis virus 

Influenza A virus 

Newcastle disease virus 

Fowl pox virus 

Bursal disease virus 

Marek I s disease virus 

Leukosis virus 

Ret iculoendothe 1 ios i s 
virus 

Reovirus 

Egg drop syndrome '76 
virus 

Salmonella pullorum 

Mycoplasma 

Egg 
transrn~SS1.0n 

( +) 

+ 

+ 

Agar gel preCl.p.1tln 

Source for 
virus 

isolation 

Faeces 
CuI tured 
ce lIs 

Faeces 

Faeces 
Trachea 

Trachea 

Trachea 

Lesions 

Faeces 

Vagina 

Faeces 
CuI tured 
cells 

Faeces 

a
AGP 
COFAL 
ELIS1\ 
[S 

Complement f1xat1on for aVlan leukosis 
Enzyme llnked immunosorbent assay 
ET1bryo suscept1bi 11 ty 

FA 
H1 

SPA 

Fluorescent antibody 
Hi1emagglutlni1tlon inhibition 
P~enotyplc mlxlng 
Serum :1eutrallzatlon 
Serum plate agglutlnatlon 

Serological or virological examination 

S~ 

FA 
ELISA 
AGP 

ES 

SN 
HI 
AGP 

SN 

AGP 

HI 

AGP 

!AGP 

!AGP 
i 

I SN PM 
COFAL 

: ELISA , 
FA 
AGP 

SN 
AGP 

I HI 
SN 

SPA 

SPA 
i HI 

b
H 
M 
L 

Specificity 

Type specific 
Type speci f ic 
Group specific 
Group speci f ic 

Group specific 

Type speci f ic 
Type variation 
Gr-oup specific 

Type specific 

Group specific 

Group specific 

Group specific 

Group specl.fic 

Group specific 

Type specific 
Group specific 
Group specifl.c 
Group speci f ic 

Group specific 
Group specific 

Type specific 
Group specific 

Group specific 
Group specific 

Species specific 

Species specific 
Species specific 

High 
Medium 
Low 

Sensitivityb 

L 

H 
M 
L 

M 

L 

H 
H 
H 
H 

H 
M 

L 

H 
H 

H 
H 
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6.2. Identity 

The purposes of this test are to help establish the identity of the 

seed virus and to check that the final product is of correct speci

ficity. Mcnospecific neutralizing serum is raised in SPF chickens using 

a virus strain that is serologically identical to the vaccine strain but 

of independent origin. The serum is checked for freedom from neutra

lizing capacity for other viruses and toxicity for cell cultures. 

The test is based on the derronstration that the virus is no longer 

able to cause specific cytopathic effects in susceptible cell cultures 

after mixing with the serum (20). 

6.3. Freedom from bacteria, fungi and mycoplasma 

6.3.1. Bacteria and fungi. Suitable rredia such as soya bean casein 

digest rredium and thioglycollate broth are tested for their ability to 

support rapid and copious growth of the control organisms in the pre

sence and absence of vaccine and diluent. Samples of the media are 

inoculated with 100 organisms of Bacillus subtilis, Clostridium 

sporogenes, Staphylococcus aureus and Candida albicans: these are 

incubated at 300 to 320C and 200 to 250C for not more than 7 days. 

Representative containers of vaccine and diluent (1% of the batch 

wi th a minimum of three and a rraximum of 10 containers) are then tested, 

using IlEII1brane filtration if possible. The test cultures are incubated 

as above for at least 14 days. There should be no evidence of contamin

atioo. 

6.3.2. Sallronella. Recently isolated strains of sallronella are 

used to test the ability of the media to initiate and support their 

growth in the presence and absence of the vaccine rraterial. 

This test is done on 10 ml of pooled harvest which is inoculated 

into selenite F broth and tetrathionate broth. The broths are incubated 

at 350 to 370C and 430C for 48 hours, subculturing at 24 and 48 hours 

ooto desoxycholate citrate, brilliant green and bismuth sulphite agars; 

these are incubated at 370C for 48 hours. Any colonies are identified 

biochemically and serologically. The harvest must be free from 

salrronella. 

6.3.3. Mycoplasma. Suitable rredia are used such as C rredium 

supplerrented with yeast extract and rredia supplerrented with glucose and 

with arginine. Liquid rredia contain Iilenol red. The rredia are shown to 
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support the growth of low passage control strains of Acholeplasma 

laidlawii, Mycoplasma arginini, M. hyorhinis, ~ orale and M. synoviae 

in the presence and absence of the vaccine. Liquid media are inoculated 

wi th 20 organisms and solid media with 200. The media are incubated at 

350 to 370C for not llDre than 14 days in a humid atllDsphere aerobically 

(air plus 5% to 10% carbon dioxide) and anaerobically (nitrogen plus 5% 

to 10% carbon dioxide). 

The vaccine is tested in each medium incubated as above for not less 

than 28 days, subcultures being made at 3 to 4 day intervals or imrrEd

iately there is a colour change. All cultures must be examined micro

scopically. The vaccine must be free fran Mycoplasma sW. The absence 

of avian mycoplasma may be additionally verified in test 6.6.4. 

6.4. Virus assay 

This method is suitable for cell-free and cell-associated HVT 

vaccines but may require modification for strains of MDV. 

Dilutions of vaccine are prepared in SPGA such that the expected 

plaque counts fall within the limits of 40 to 140 per plate. Plates (5 

em) of confluent secondary chick embryo fibroblast cell cultures are 

drained thoroughly without allowing them to dry out and 0.05 ml of each 

dilution is inoculated onto each of seven plates. The plates are swirled 

and allowed to adsorb for 1 hour at 38.5OC. Medium (5 ml of Eagle's 

Minimal Essential Medium) is added and the plates are incubated at 

38. SOC for 3 days. Plates are then fixed and stained and plaques are 

counted. 

The vaccine should contain not less than 1000 pfu per dose, through

out its shelf life, or rrore if this has been shown to be necessary in 

protection tests. 

6.5 Stability after reconstitution 

The vaccine is reconstituted if necessary and diluted to field 

strength with the recomnended diluent and held at 20OC. Titrations are 

carried out imnediately and at intervals. After 2 hours, the suspension 

should contain not less than 50% of its initial content of live virus 

and not less than 1000 pfu per dose. 

6.6. Extraneous viruses 

Embryos, cell cultures and chicks used in these tests should be 

derived fran SPF flocks. Each cell culture should have an approximate 
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area of 30 cm2 . 

6.6.1. Tests in embryos. Embryonated eggs, 9 to 11 days of age, 

are inoculated with 10 doses of neutralized vaccine, 10 onto the chorio

allantoic rrernbrane and 10 into the allantoic sac. A further passage is 

carried out after 7 days using separate pools fran live and dead 

embryos. After a further 7 days, the embryos and rrernbranes are examined 

for abnorrrali ties, the allantoic fluid is tested for haerragglutinins, 

and cells centrifuged from the allantoic fluid are tested by the 

fluorescent antibody test for infectious bronchitis virus. 

6.6.2. Tests in chick embryo fibroblasts. For the detection of 

reticuloendotheliosis virus, five cultures of chick embryo fibroblasts 

are each inoculated with 10 doses of neutralized vaccine. The cultures 

are passaged twice at 3 to 4 day intervals. CUltures fran the final 

passage are tested, in conjunction with jXlsitive and negative control 

cultures, by the fluorescent antibody test. For the detection of 

leukosis viruses, fibroblasts susceptible to subgroups A and B are used 

which do not produce virus or group-specific antigen of subgroup E. Ten 

doses of neutralized vaccine are each inoculated into 10 cultures and 

these are subcultured at 3 to 4 day intervals for at least 14 days. A 

test for leukosis virus is done on each passage using either an ELISA, 

the COFAL test or phenotypic mixing test. 

6.6.3. Tests in chick kidney cells. Five cultures of chick kidney, 

chick embryo kidney or chick embryo liver cells are each inoculated with 

10 doses of neutralized vaccine. After allowing adsorption for 1 hour, 

the cultures are incubated for a total of 20 days, subculturing at 4 to 

5 day intervals. The cultures are examined for cytopathic effects and 

the cells and fluids tested for haerradsorption and haemagglutinaticn. 

There should be no evidence of contamination. 

6.6.4. Test in chicks. A group of 20 chicks, 2 weeks of age, are 

each given 10 field doses of vaccine by eye drop, intramuscular, intra

tracheal and foot pad routes. The inoculations are repeated after 3 

~eks . Serum samples obtained from each bird before and 3 and 5 weeks 

after the initial inoculation are tested for freedan fran antibodies to 

the list of agents specified for SPF flocks. There should be no evidence 

of contamination. 

6.6.5. Intracerebral test in chicks. At least 1 field dose of 
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vaccine is inoculated intracerebrally into 10 chicks, 1 day of age. The 

chicks are observed for 3 weeks for signs of ataxia. The test is 

invalid if rrore than two chicks die from non-specific causes. 

should be no evidence of contamination. 

There 

6.7. Safety 

6.7.1. 

susceptible, 

Seed lot verification. Three groups 

antibody-free, day-old chicks are used. 

of genetically 

Fifty chicks 

acting as positive controls are given virulent MDV sufficient to cause 

lesions in 70% of the birds in 70 days. A further 50 are given the 

equivalent of 10 field doses of vaccine and 50 remain as uninoculated 

controls. The groups are retained in isolation for 17 weeks, birds 

which die being examined for gross lesions. For vaccine strains which 

do not spread, or where spread is transient, samples of feather follicle 

epithelium are obtained at 6 weeks of age: these are tested by the 

single radial diffusion test (see Chapter 6) for the presence of 

antigen. Serum samples are obtained and examined by gel diffusion test. 

At the end of the observation pericrl, each bird is weighErl, killErl and 

examined for gross lesions of MD. For the test to be valid, not rrore 

than five birds should die fran non-specific causes during the 1st week 

of the test, at least 40 negative control birds should survive the 17 

week observation pericrl, no gross lesions, antigen or antibody being 

detected, and at least 70% of the positive controls should be affected. 

For the vaccine strain to be considered satisfactory, the average body 

weight of the vaccinated group should not be significantly less than 

that of the control group, and the variation in weight should be 

similar. The number of survivors in the vaccinated group should be not 

less than 90% of that of the control group and all must be free fran 

gross lesions. The antigen and antibody responses should be character

istic of the vaccine strain and distinct fran those of field strains. 

6.7.2. Batch safety test. Ten doses of vaccine or two doses of 

diluent are given to a group of 10 SPF chicks, 1 day of age, which are 

observed for 14 days. The product fails the test if there are any 

adverse local or systemic reactions. 

6.8. Reversion 

The equivalent of 10 doses of vaccine virus is given to each of 10 

genetically susceptible, antibody-free chicks, 1 day of age. After 3 
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~eks, a IXlOl is made of 2 ml of heparinized blood from each chick and 

this is inoculated into a further group of similar chicks by the intra

peritoneal route. Five further passages are carried out in a similar 

manner. The final passage is carried out in a group of 50 chicks which 

are examined as in test 6. 7 .1. Mater ial at each passage is inoculated 

onto cell cultures to check that the virus is being passaged. The 

vaccine stain is unsatisfactory if there is any indication of an 

increase in virulence. 

6 • 9 . Potency 

6 . 9 .1. Protection index test. 'I\o.Q groups of genetically suscep-

tible, antibcrly-free chicks, 1 day of age, are used, 30 being given the 

equivalent of one field dose of vaccine virus and 30 remaining as 

unvaccinated controls. All chicks are challenged not IlDre than 8 days 

later and observed for at least 12 ~eks or until at least 70% of the 

controls have gross lesions of MD. Birds which die, and all birds at 

the conclusion of the test period, are examined for gross lesions. The 

vaccine strain is unsuitable if the number of vaccinated birds showing 

lesions is not reduced by at least 80% compared with the controls. 

6.9.2. PDso test. Five groups of 20 genetically susceptible, 

antibcrly-free chicks, 1 day of age, are used. Graded doses of virus 

such as the equivalent of 10-fold dilutions from 1: 10 to 1: 10,000 of a 

field dose, are given to four of the groups and the other group is kept 

unvaccinated. After not IlDre than 8 days, the birds are challenged and 

observed for at least 12 ~eks, when at least 80% of the controls have 

gross lesions of MD. The vaccine strain is unsuitable if there are less 

than 100 PD50 in one field dose. 

6.9.3. Viraemia. The equivalent of one field dose of vaccine is 

given to each of 10 SPF chicks. Five days later, heparinized blood 

samples are obtained from each chick and the presence of vaccine virus 

is determined by assay on cell cultures. The vaccine strain is 

unsuitable if any chick is found not to be viraemic. 
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11. GENErIC RESISTANCE 

B.W. CALNEK 

1. SIGNIFICANCE AND HIS'IDRICAL ASPOCTS OF GENErIC RESISTANCE 

Genetically controlled differences in susceptibility to Marek's 

disease (MD) were first reported over 50 years ago, when it was noted 

that the incidence of the disease differed arrongst families (1-4). In 

1935, Hutt and Cole (5) initiated their classic studies which were to 

prove that selection for genetic resistance could constitute a practical 

rrethod for the control of disease in poultry flocks. 'lW:> resistant 

strains, K and C, and one susceptible strain, S, were developed by 

selection based on rrortality after natural exposure. E'Ilphasis was on 

the avian leukosis canplex and other neoplasms. Ultimately, marked 

differences were observed consistently in consecutive generations (6). 

This was accanplished wi thout interference wi th con=rent and 

successful selection for important production traits (5). Other workers 

reported similar success in selection for resistance (7,8), and these 

early studies pranpted some poultry breeders to develop their own 

resistant strains (9). 

Although the inspiration for studies on genetic selection carre fran 

the need for resistant stock, it is ironic that the use of susceptible 

strains in research may have been of even greater importance through 

discoveries regarding the aetiology, pathogenesis, and irrmunological 

control of the disease. The first consistently successful transmission 

studies ( 10,11) made use of the Cornell S-strain, and the Houghton 

Poultry Research Station Rhode Island Red strain, both of which were 

highly susceptible to MD virus (MDV), indeed, the ability to induce MD 

regularly by inoculation of young chicks with infectious materials led 

in turn to much rrore efficient methods for genetic selection wherein 

L. N. Payne (ed.), Marek's Disease. Copyright © 1985. Martinus Nijhoff Publishing, 
Boston. All rights reserved. 
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high levels of resistance could be obtained within two generations (12). 

For a period of several years, selection for genetic resistance by 

col!Irercial poultry breeders, along with isolation rearing to delay and/ 

or reduce virus exposure levels, constituted the only defence against 

MD. 

The establish!rent of strains resistant or susceptible to MD also 

provided comparative tools for investigating aspects of pathogenesis and 

immunity in this disease (see reviews 13-16). Additionally, they led to 

the discovery of an association between resistance and certain erythro

cyte antigen groups B (Ea-B) or lymphocyte antigen (Ly-4, Th-l) alleles 

(17,18). This, in turn, opened the possibility of selection for resis

tance based on blood group or lymphocyte antigens. 

There are both practical and academic reasons for continUed interest 

in genetic control of resistance to MD or MOlT infection. Most poultry 

breeders stopped or reduced emphasis on selection for MD resistance as a 

control IlEthod once effective vaccines becaI!E widely available after 

1969. However, it was soon determined that vaccinal immuni ty was 

greater in resistant than in susceptible stock ( 19 , 20 ) . This becaI!E 

very important with the recent emergence of MDV strains against which 

neither vaccine nor genetic resistance alone can protect adequately 

against challenge, but the canbination of the tWJ prevents high losses 

from MD ( 21) . For these reasons, resistance to MD is, or should be, 

once again included as one of the traits considered in genetic selection 

by many poultry breeders. 

The importance of host genotype on the outCOIlE of neoplastic and 

other diseases has been known for a long tiI!E. MD, as a representative 

herpesvirus infection and a neoplastic disease, provides an elegant 

model for the study of both the phenomenon itself and the mechanism by 

which resistance is effected. There will undoubtedly be continued 

strong interest in genetic resistance to MD for its potential contribu

tion to the field of comparative medicine. 

2. EXPRESSICN OF RESISTANCE 

2.1. General features of genetic resistance 

2.1.1. Methods and criteria for demonstrating resistance. In 

general, clinical signs and rrortali ty, coupled with characteristic MD 
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lesions, have constituted the criteria for determining the incidence of 

the disease (5, 22-30). The test period has varied from a few weeks to 

over 1 year, depending on the challenge method and the virulence of the 

challenge virus. Similarly, there has been variation in the proportion 

of survivors examined at the termination of the test period, and the 

thoroughness of the search for lesions in those birds which were 

examined. Peripheral nerves, gonads and major visceral organs have IlOst 

frequently been the tissues examined. Microscopic examination of 

equivocal gross lesions, or sometimes even tissues from chickens free of 

gross lesions, has been done by serre investigators but many relied only 

on gross examinations. 

Morris et al. (24) studied the lesion distribution in MDV-infected 

chickens and found the pattern to vary according to the genetic strain. 

They concluded that nerves and gonads were the IlOst important tissues to 

examine, and that relative MD resistance could be determined by observ

ing only those organs plus the spleen and liver. Cole (12) proposed 

that IlOrtality alone is sufficient to rank strains or sires providing 

other diseases are not present to confound the evaluation. In addition 

to differences in incidence and distribution of lesions, the mean latent 

period to death may be longer with resistant than susceptible strains 

(12, 22). 

The worry of selecting for the wrong type of resistance by using an 

experimental inoculation procedure was allayed when it was learned that 

there was a positive correlation between the responses from inoculation 

and from field exposure challenge in various strains of chickens (12,22, 

23,25,26). Cole (12) found a high rank correlation coefficient (rs ) of 

+0.82 in 10 comnercial strains infected by inoculation or natural field 

exrosure. Similar results (rs = +0.66 to +0.80) were subsequently 

reported by Hartmann and Sanz ( 31) and Grunder et al. ( 26), although 

von Krosigk et al. (30) found a correlation of only +0.38 between 

inoculation and contact exposure. Payne (14) concluded that selection 

based on injection of MDV will lead to resistance to natural exposure 

but that the two methods for selection may not measure the same type of 

resistance. He pointed out that contact exposure should correlate most 

highly with field exposure. 

Similarly concern over the choice of virus strain for experimental 
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challenge lessened when it was learned that various MDV isolates could 

be used without altering the ranking of resistance among genetic strains 

(22,25, 32 , 33 ) • However, because SOm2 virus isolates are so virulent 

that they can overwhelm even rroderately high levels of genetic resis

tance, caution in choice of challenge virus was urged by Schat et al. 

( 34) . An ideal virus strain VoDuld give a large spread in MD incidence 

among groups (strains, sire families, etc.) being compared. 

Tests of siblings and progeny have both been used effectively. Cole 

( 12) showed good correlation ( +0.87) between the responses of rrale and 

female progeny (females are generally more susceptible), and this 

permits the use of otherwise unneeded rrale chicks in progeny tests. 

Other m2thods suggested for demonstrating resistance to MD have been 

less correlative to results from field exposure or experiItEntal infec

tion with MDV. Ini tial studies by Spencer, Gavora and their co-workers 

(28,35,36), using strains 4,5, K and S, suggested good agreeItEnt between 

resistance to challenge with a MD tumour transplant (JMV) and resistance 

to MD. Fabricant et a1. (37) were unable to confirm this with other 

strains, and Gavora and Spencer (38) subsequently concluded that the 

correlation was too inconsistent to be of value. It has also been pro

posed that the response to vaccine viruses, like turkey herpesvirus 

(HVT), rrdght be considered as an alternative m2ans of assessing relative 

resistance to MD (38). This was based on the failure of vaccination to 

affect ranking of resistance to MDV challenge among strains (19,39) and 

on differences of HVT viraerrda levels in various strains of chickens 

(40) • The usefulness of this as an approach to resistance selection is 

not established, however. 

2.1.2. Variability within and among genetic strains. High levels 

of heterogeneity have been found among strains, inbred lines and sire 

families <3,5,12,21-26,29,32,33,41-43). Differences can be very sub

stantial within tests, as illustrated in studies by Cole (12) who found 

susceptibility of 33 strains to range from 18 to 96% and by schrrdttle 

and Eidson (23) who observed susceptibility levels of 4 to 92% among 12 

strains or crosses. Biggs et al. (22), in three trials each involving 

20 to 54 sire families, found MD incidences to vary among families fran 

1 to 22, 0 to 23 and 41 to 100%. SirrUlarly Grunder et al. (42) reported 

MD incidences in sire families to range fran 0 to 46%, and in 
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experiments comparing inbred lines, the extent of variation ranged from 

a low of 2 to 21% to as high a spread as 89%. They were unable to 

correlate inbreeding coefficients with MD incidence and noted that 

inbred lines derived from high egg production lines had at least as much 

variation in MD resistance as did sire families of production lines. 

2.1.3. Effects of selection. using progeny or sib testing with 

artificial exposure to MDV, it has been possible to effect a large 

increase in resistance to MD in a relatively short tirre. This was 

dependent on a reasonable degree of heterogeneity in the strain and on 

selection directed solely at MD resistance. In their early studies, 

dependent on the whims of natural exposure, Hutt and Cole (5) gradually 

reduced turcour mortality over a period of 10 years from about 15% in 

unselected SCWL stock to 4 to 5% in two selected strains, K and C. A 

parallel selection for susceptibility (S-strain) resulted in a level of 

38% mortality from neoplasms (Fig. la). In IlB.rked contrast to that 

slow, albei t steady and impressive progress, was the very rapid and 

effective selection rrethod later tested by Cole (12) (Fig. lb). He used 

virus inoculation of progeny in an 8-week test period to select breeders 

from the Cornell randombred SCWL breeding stock with a 51.1% level of 

susceptibility. Within two generations he achieved susceptibility 

levels of 90.7% in the derived susceptible P-line and 12.9% in the 

derived resistant N-line. Further progress (94.4 and 7.3% MD for P-line 

and N-line, respectively) was IlB.de in a third generation (44). By com

parison, the susceptibility of the K-, C-, and S-strains to the sarre 

virus challenge used to select N- and P-lines was found to be 38, 71 and 

98% after over 3 decades of selection by natural exposure. It was later 

learned (see Section 2.1.5) that Cole had unknowingly selected birds 

horrozygous for the .§.21 allele in the N-line, an allele associated with 

resistance. The presence of the .§.21 allele in the randanbred stock 

which was the source of N- and P-lines IlB.y have been fortuitous and 

permitted an ultiIlB.tely higher level of resistance than could be 

attained in the K- and C-strains which do not carry the 8 21 allele (45). 
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2 3 456 

Generation 
7 8 9 

FIGURE 1. Effects of genetic selection for susceptibility or resistance 

to Marek's disease: a) (top) Selectioo based 00 llOrtality after natural 

exp)sure tc MDV. Fran Hutt and Cole (5), b) (middle) Selection of 

breeders based on an 8-week test of progeny by MDV inocula tiro . Fran 

Cole (12,49), c) (bottan) Selection by breeding fran survivors of heavy 

MDV natural exp)sure. Fran Maas et al. ( 27) . 
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Others have had results similar to those of Cole, although less 

dramatic. Morris et al. (46) obtained resistant am susceptible lines 

after selection for two generations with respective susceptibilities to 

MD of 58 and 96%, canpared to 89% in the unselected population of 

Columbian Plyrrouth Rocks. They concluded that selection for resistance 

resulted in greater progress than selection for susceptibility. 

Morrisroe (47) compared progeny of selected and unselected Australorp 

sires and reported a 26% difference in susceptibility (59 versus 33%). 

Von Krosigk et al. (30) progeny-tested the parents to be used to 

produce cross-line populations of chickens. Progeny fram parents 

selected only for MD resistance had 17% less nortality than those fran 

unselected parents. A similar reduction in susceptibility (by 14%) was 

obtained in a single generation with corrrrercial ferrale broiler strain 

chickens by Friars et al. (48), also using MD resistance as the sole 

selection criterion. A second generation of selection, which included 

consideration of other economic traits, was less effective in further 

reducing susceptibility. Maas et al. (27) followed nine generations of 

breeding fran survivors of heavy MDV challenge (see Fig. lc). In each 

of two lines of non-inbred White Plyrrouth Rocks, there was a gradual 

reduction in susceptibility for the first six or seven generations, but 

thereafter no further improvement occurred. Canplete resistance was not 

achieved. 

2.1.4. Dominance, heritability and sex-linkage of genes involved in 

MD resistance. There has been general, although not total, agreement 

that resistance is a dominant trait (5,23,24,27,29,41,42,47,49-52). The 

chief contradictory example canes fran lines 6 and 7, in which suscep

tibility was partly or fully daminant over resistance (41). Those lines 

have the additional distinction of having non-MHC-controlled resistance 

or susceptibility (see Section 3.3). In nost cases, resistance of 

hybrids has been interrrecliate to that of the parent strains. Stone (52), 

who had included the line 6 and line 7 crosses in his study, observed 

that resistance was dominant only in some crossas arrl he concluded that 

it was due to the action of only a few (two to four) genes. The conclu

sion that only a few genes are involved is supported according to Cole 

(49), by the facts that: 1) selection for resistance is very effective, 
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and 2) some inbred lines such as lines 6 and 7 are either very suscep

tible or very resistant (23,41). At least three genes have been 

identified, one associated with the Fa-B locus, the others with loci 

controlling lymphocyte antigens. 

3.2. 

These will be discussed in Section 

Cole (49) pointed out that in nany reciprocal crosses, the hybrids 

are more resistant than could be expected from the average of the parent 

strains, and that this could be due to hybrid vigour (heterosis) or 

dominance. He cited data from Han et al. (43) as evidence for rejecting 

heterosis ~ se as an explanation. They had found increased suscep

tiblity in SOID2 of their hybrid crosses. Findings similar to Cole's 

( 49 ) have been reported by Sevoian ( 51), Schmi ttle and Eidson (23) and 

Hartrrann (cited in 49). Zeitlan et al. (29) studied susceptibility with 

reciprocal crosses from three strains and conclwed that the degree of 

dominance for resistance varied with the particular crosses involved. 

Crittenden et al. (25) essentially agreed with that conclusion and 

suggested that the dominance of resistance appeared to depend on both 

the severity of exposure and the relative susceptibility of the tVJO 

lines being crossed. They further stated that there nay not be a true 

dominance in the case of MD resistance. Rather, it could be that the 

severity of exposure nay be below the threshold required for mortality. 

Probably the strongest arguID2nt for the dominance of resistance 

comes from the studies on the association between the 8 21 allele of the 

najor histocompatibility complex (MHC) and resistance to MD challenge. 

In virtually all crosses involving that allele, it has conferred resis

tance in both homo zygotes and heterozygotes. MHC-associated resistance 

will be discussed in detail later (Section 3). In reciprocal crosses 

both rrales and ferrales contribute to resistance; often the rrale contri

butes more than the ferrale (27,49), even though ferrales nay additionally 

provide protective rraternal antibodies. zei tlan et al. (29) believed 

their data to suggest a sex-linkage of resistance, but Cole (49) deter

mined that neither sex-linked genes nor protective rraternal antibodies 

contributed to the resistance of N-line. Ferrales have generally been 

IlDre susceptible than nales although this feature is variable (reviewed 

in 13) and, in any case, the responses of nale and ferrale progeny are 

highly correlated (rs = +0.87) (12). 
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2.1. 5. Association of MD with other traits. Cole and Hutt ( 53) , 

von Krosigk et al. (30), Grunder et al. (42) and Biggs et al. (22) all 

failed to detect unfavourable associations between MD resistance and egg 

production traits. In fact, several workers reported signif icant posi

ti ve correlations between high egg production rates and resistance (30, 

35,54,55) . Correlations between MD resistance and reduced growth rate, 

lower body weight, and lower egg weight, on the other hand, also have 

been observed in several sttrlies (31,35,37,42,48,54-57). The lower body 

and egg weights of these reports contrasted with findings of Biggs 

et al. ( 22 ) and also with those of Cole ( 44 ) who found them to be 

slightly higher in resistant N-line than in susceptible P-line. The 

possibility of a correlation with reduced growth rate is especially 

important in broiler production, and both Hartmann and San z ( 31 ) and 

Gavora and Spencer (35) warned that genetic resistance could be lowered 

if selection for rapid growth was pursued. Gavora et al. (56) found one 

strain which was the exception to this general rule and therefore noted 

that it should be possible to produce rapidly growing resistant stock. 

Little has been done to correlate MD resistance with physical 

traits, aside from blood group or lymphocyte antigens. Sanes and 

Jakowski ( 58) examined morphological traits in 11 phenotypic pair can

parisons and found only one (duplex versus nonduplex combs) to be signi

f icant. Miller et al. ( 59) reported higher total or soluble thiol in 

livers of resistant compared to susceptible chicken strains, but this 

association was not clear cut and the differences were marginal at 

best. 

2.1.6. Practical aspects of selective breeding. This section will 

serve to surrmarize sorre of the general considerations which apply to 

practical breeding programnes based on resistance to virus exposure. 

The alternate approach of selecting birds possessing certain cell 

IlBrkers associated with the MHC or other loci, which may confer resis

tance to MD, is essentially straight-forward and will be discussed in 

Section 3.4. 

Until the recent discovery of mC-linked resistance, response-based 

selection was the only approach available. Advantages to this method 

incltrle: 1) it can be applied to any genetic stock regardless of .§.

alleles present, and therefore it is effective against both MH:- and 
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non-MHC-linked genetic factors, 2) it very accurately predicts the rela

tive performance (i.e. MD resistance) of strains to field exposure, 3) 

selection for MD resistance can be carried out in conjunction with 

selection for other important traits with whatever degree of emphasis is 

desired, and 4) it is relatively easy to perform. Disadvantages to be 

considered are: 1) the use of infectious virulent MDV could pose a 

hazard to other poultry stocks unless isolation is good and, therefore, 

special facilities may be required, 2) progress may be slCM due to the 

need to preserve other economic traits, 3) the resistance potential of a 

gi ven genetic stock may be limited, and 4) chickens used for challenge 

might otherwise have been used in the breeding programne. Experience 

has taught that none of these disadvantages is great enough to preclude 

selection for MD resistance by commercial poultry breeders, but some are 

significant enough to dampen enthusiasm for the programme; in fact, most 

breeders stopped such selection as soon as MD vaccines were available. 

Considerations of importance are listed in Table 1. Whether the 

approach suggested by Maas et al. (27) is attempted, in which all breed

ing stock is exposed to provide a natural selection for resistance, or 

whether the more usual sib or progeny testing is carried out, depends in 

part on facilities and the degree of effort which can be directed to the 

project, and in part on the general level of resistance already present 

in the stock. Challenge of pedigreed chicks should be expected to yield 

faster results since the best parental lines can be quickly established, 

but the simplicity of natural selection could be attractive in many 

circumstances. If a high degree of susceptibility exists, there is the 

danger of losing a very high percentage of available breeding stock by 

the Maas method. 

Although maternal antibodies have not appeared to interfere greatly 

with selection, there are tv.o instances in which caution is urged. One 

v.ould be in comparisons between groups which could be expected to have 

markedly different antibody levels because of differences in exposure or 

other conditions in the dams. This could result in susceptibility 

differences unrelated to genotype. The other potential problEm v.ould 

occur if dams were MDV-free (as in specific-pathogen-free flocks), 

because genetic resistance may be poorly expressed at hatching in 

antibody-free chicks. Under either of these circumstances, the problems 
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are obviated by delaying challenge until the chicks are 2- to 3-weeks

old. 

TABLE 1. Points to consider in selection for MD resistance based on 

response to virus exposure. 

A. Groups to be tested 

1. Entire population - selection from survivors 

2. Sibs - selection concurrent with production of breeding stock 

3 . Progeny - for selection of darns or sires 

B. Age and naternal antibody status when exposed 

C. Method of exposure 

1. Natural exposure 

2. Controlled contact exposure 

3. Virus inoculation 

a. freshly prepared blood or turrour cells 

b. frozen stocks of virus 

D. Virus strain 

E. Tim:! and rrethod of examination 

For reasons already noted, the choice of natural versus artificial 

exposure is probably not critical ultinately, especially if the degree 

of virus exposure can be controlled by using "seeder" chicks previously 

infected and shedding virus when placed with groups to be challenged. 

Inoculation procedures have the distinct advantage of providing a stan

dard challenge which is highly reproducible, especially if pretested 

batches of virus (stored in liquid nitrogen) are used. 

The selection of virus strain is critical. Law virulence strains do 

not induce a sufficiently high incidence of MD to provide a basis for 

selection, whereas strains of too high virulence can overwhelm even 

strong levels of genetic resistance. 

The criterion for resistance (nortality, lesion incidence, etc.) 

does not seem too important providing consistency is exercised. Nor 

does the length of the observation period appear critical. Ma3tly, it 

is important to select conditions relative to virus strain, exposure 

rrethod, examination criteria, etc., which allow a broad response range 

to distinguish resistant and susceptible families. 
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2.2. Factors controlled by the host genotype 

2.2.1. Pathogenesis. The rrost obvious of the effects of host 

genotype on MD have to do with the final stages in the sequence of 

events collecti vel y defined as pathogenesis. "Resistant" chickens are, 

by generally accepted definition, those which fail to develop the 

characteristic signs and lesions which are described for the disease, 

and which occur under similar conditions of exposure and rearing in 

"susceptible" chickens. However, there are sorre subtle differences in 

tumour development among those chickens which do ultimately succumb 

suggesting that resistance is not an all-or-none phenorrenon. In 

addition to the lower overall incidence of neoplasms, MD in resistant 

strains may be characterized by a longer latent period (46), and a less 

widespread distribution of lesions (24) than seen in susceptible 

strains. 

Genetic effects are not obvious during the initial phase of infec

tioo. Early cytolytic lesions which oc= during the first week post

infection (see Chapter 3) were equivalent in susceptible and resistant 

strains ( 60 , 61) . A possible exception was reported by Lee et al. ( 62) 

who found infection levels in the spleen to be lower for resistant line 

6 than susceptible line 7 at 3 but not 5 days post-infection. The 

significance of this is unclear. 

The tirre of appearance and number of lymphocytes which bear Mi\TSA, 

the putative turrour-associated surface antigen ( 63,64 ), were also much 

the sarre during the early period when comparisons were made between N

and P-line (65) or between lines 6 and 7 (62). Furtherrrore, Shek et al. 

(66) and Calnek et al. (67) showed that primarily B-cells are involved 

during the early cytolytic infectioo in N- and P- lines. A small pro

portion of T-cells also is cytolytically infected, but relative numbers 

for resistant versus susceptible chickens have not been determined. 

After the first week, the patterns in resistant and susceptible 

chickens differ considerably (13,62,65,66,68-71). Infectioo levels in 

peripheral blood lymphocytes and spleen drop rapidly and markedly in 

resistant chickens by 8 to 10 days post-infection and remain at ION 

levels although infection persists for the life of the host. Likewise, 

there are few if any cells with viral antigen in lymphoid organs or 

epithelial tissues after 6 to 7 days post-infection in resistant 
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chickens, and the number of MATSA-bearing cells drops to low levels. In 

chickens destined to succumb, all of these aspects of infection either 

rerrain at high levels or, after a brief drop, rise to constitute the 

second part of a biphasic infection which then continues at a high level 

until the death of the bird. 

It might be argued that the presence of MATSA-bearing cells in both 

resistant and susceptible chickens (65,67), and the finding of transient 

lymphoproliferative lesions in resistant strains (72), suggest that the 

pathogenetic events proceed at least to the point of transfornation in 

resistant as well as susceptible genotypes. In fact, Sharna et al. (72) 

considered lesion regression to be the basis of "age resistance", which 

is probably genetic resistance expressed only after immunological 

maturi ty (60). However, the exact nature of the lymphoproliferati ve 

response is unclear and M/l.TSA is not proven to be a marker for trans

fornation; thus, interpretation of any genetic influence or lack thereof 

on transfornation should be guarded. 

2.2.2. Imnune response, inmune canpetence and immunosuppression. 

The protective nature of maternally-derived antibodies (73) led Calnek 

(74) to examine antibody responses in genetically different strains of 

chickens. The finding of a strong correlation between resistance and 

the development of virus neutralizing (VN) antibodies provided the first 

real support of the contention that genetic resistance had an immuno

logical basis. A similar correlation was found in rrany paired com

parisons of resistant and susceptible strains (see 13,68). As it turned 

out, however, the actual situation is far nore complex than was 

initially envisioned. 

First, it was learned that the lack of VN antibodies in susceptible 

strains was probably due to immunosuppressive effects of MD rather than 

an inherent deficiency in hunoral immunity. VN antibody response in 

susceptible strains was unimpaired when low virulence strains of MDV 

were used (75). Furthernore, with high virulence viruses, an early (6 

to 12 days post-infection) IgM response with VN activity was the sarre in 

susceptible and resistant strains, but thereafter only resistant 

chickens had persistent IgG class VN antibodies (76,77). In the absence 

of MDV exposure, susceptible strains had levels of serum immunoglobulins 

similar (78) or only slightly lower (77,79) than those of resistant 
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strains. Therefore, there was no primary deficiency of irrmunoglobulins 

or inability to respond to MDV antigens to ac=unt for susceptibili ty . 

In fact, susceptible strains sorretirres developed higher levels of pre

cipitating, agglutinating or fluorescing antibodies against MDV than did 

resistant strains (78,80). 

Responses to other antigens or infectious agents have been studied 

to a limited degree. Carte et al. (81) found a correlation between 

ability to regress Rous sarcomas and genetic resistance to MD, implying 

that there might be broad genetic control against turrours, such as one 

=ntrolled by Ir genes. This also appeared to be the case in a study of 

B-haplotype-controlled resistance to MD, Rous sarcoma, and lymphoid 

leukosis turrours reported by Bacon et al. (82). However, MD and RSV 

resistance are not always correlated (83), and Payne ( 13) speculated 

that sorre strains may lack genes important at the general level of 

immune responsiveness whereas others lack genes important at the 

specif ic level, e. g . to MD or Rous sarcoma. Also of interest in this 

context is the correlation between response to GAT and MD resistance 

(84) • 

Imnune responses to HVT and attenuated MDV vaccine strains appear 

to be under the sarre genetic control as resistance to MD; i. e., strains 

genetically resistant to MD are better irrmunized by the vaccines than 

are susceptible strains (19,20). Cho (40) found that HVT viraemias were 

higher and IlDre persistent in susceptible than resistant chickens and 

speculated that a superior irrmune response in the latter lowered the 

infection level. 

Innate cell-rredia ted irrmuni ty (CMI) responses have been tested using 

mitogen stimulation of lymphocytes in vitro. Schat et al. (85) noted an 

unexplained but significantly higher blastogenic response to 

concanavalin-A (Con-A) of peripheral blood lymphocytes from susceptible 

P-line birds =mpared to resistant N-line birds. Fredericksen and 

GilIlDur (86) found similar differences between susceptible line 7 and 

resistant line 6 lymphocytes with both Con-A and phytohaemagglutinin 

(PHA). Lee and Bacon (87) confirmed both studies by comparing all four 

strains using PHA to induce blastogenesis. A possible correlation 

between CMI responsiveness and susceptibility to MD becarre even IlDre 

apparent when Carpenter and Sevoian (88) reported that T-cell 
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activation, delayed type hypersensitivity and macrophage activation 

against Listeria nonocytogenes were greatly superior in susceptible S

strains when carpared to resistant K-strain chickens. Thompson et al. 

(89) offered the only contrary evidence. Chickens selected for high 

plasma corticosteroids had a higher incidence of MD but a lower blasto

genic response to PHA or DNP-BSA than those selected for low plasma 

corticosteroids. 

As with hUllOral irrmunity, CMI responses also are affected by the 

irrmunosuppressive effects of MDV infectioo. Depressed mitogenic res

ponses (Con-A, mAl have been observed at 7 days following infection 

with oncogenic or nononcogenic MDV or HVT regardless of the genetic 

susceptibility or resistance of the chicken strain (85,90,91). This 

depression was transient except in genetically susceptible chickens 

given oncogenic MIN strains; thus the induced irrmunosuppression pattern 

seen with VN antilxxlies included CMI as well. This imnunosuppression 

also affected cytotoxicity tests for anti turrour and anti viral irrmuni ty • 

Confer am Adldinger (92) reacted spleen cells with a target of MSB-l MD 

turrour cells and found poor levels of cytotoxicity with MIN-infected 

line 7 donors, but good responses with line 6 donors. Line 7 res

ponsiveness was retained in HVT-vaccinated birds showing that there were 

no innate deficiencies in that strain. Lee et al. ( 62) found essen

tially the sane difference between lines 6 and 7 using the MOCC-HP2 

tUITOur cell line as a target. They also observed poor CMI with line 7 

but not line 6 spleen cells against MIN-infected chicken kidney cells in 

a plaque reduction test (anti viral CMI), but in this case the poor 

response followed an initially good response at 7 days post-infection. 

Carpenter am Sevoian (88) also favoured irrmunosuppression as the 

explanation for poor anti-MD CMI responses, but considered the mechanism 

to be other than secondary to virus-induced damage. They tested CMI 

competence against Listeria nonocytogenes in S- end K-strain chickens 

am concluded that a suppression of the effector stage of responsiveness 

in the susceptible S-strain occurred irrmediately following a phase of 

lyrrphoproliferation at 3 days post-infection (this was absent in K

strain) • Therefore they believed that a population of active suppressor 

cells is linked with MD susceptibility. 
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2.3. Factors which influence the expression of genetic resistance. 

2.3.1. Viral t)'P2. Because MD isolates differ greatly in viru

lence, and because genetic resistance does not seem to be an all-or-none 

phenomenon, it is reasonable to expect resistance levels to vary with 

the challenge virus. This was shown to be the case by Fabricant et al. 

(61) and Schat et al. (85) . High virulence viruses caused higher 

viraemia levels than W2re induced by low virulence viruses. This was 

particularly evident with groups of N-line chickens infected in parallel 

with moderate (JM-IO isolate), high (GA-5 isolate) or very high (RB-IB 

isolate) virulence MDV, when total incidences of MD after 70 days were 

0, 19 and 75%, respectively (34). The same viruses given to the highly 

susceptible S-strain caused 100% MD in all three cases, whereas inter

mediate levels W2re observed with other genetic strains. It was not 

determined if the ability of certain viruses like RB-IB to overwhelm 

genetic resistance is because of greater transforming potential, 

superior ability to infect key target cells, greater irrmunosuppressive 

abili ty , a combination of two or all of these, or other undetermined 

reasons. However, highly virulent viruses like RB-IB, ~ 5 or ~ 11 do 

cause greater inrnunosuppression (21,91), than low virulence viruses like 

CU-2 (75). 

2.3.2. Age at exposure. Calnek ( 60) reported that genetic resis

tance in N-line and PDRC strain chickens was poorly expressed at 

hatching but was acquired gradually in parallel with the acquisition of 

inrnune canpetence. Sharrra (93), on the other hand, found lines 6 and N 

to already display considerable resistance at hatching. The discrepancy 

in results with N-line could have been due to the use of different 

clones of MDV, or the use of different sublines of N-line chickens. 

Nevertheless, age resistance is IlI3.nifested to a IlI3.rked extent only in 

genetically resistant strains, and because age resistance is CMI

dependent (94), Witter (95) remarked that genetic resistance IlI3.y simply 

be an expression of cellular inrnune competence, the rate of acquisition 

of which is under genetic control. 

2.3.3. M3.ternal antibodies . Passively acquired antibodies reduce 

the severity of the early cytolytic infection, apparently by limiting 

virus spread (70,96) and consequently probably reduce inrnunosuppression. 

They could therefore be expected to enhance genetic resistance and 
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reduce genetic susceptibility. However, it should be rerrembered that 

virtually all of the genetic selectien based en sib or progeny testing 

has been carried out in the presence of maternal antibodies without any 

apparent interference in the rankings en which selectien was based. 

2.3.4. Sex. Whereas sex may be influential in determining the 

incidence of MD tumours (see 13), genetic resistance does not seem to be 

sex-linked (49). 

2.3.5. Irrrnunological impairrrent. Depletion of T-cells but not 

B-cells in genetically resistant strains increases their susceptibility 

to MD <13,94,97-99). However it is necesary to distinguish between a 

decrease in T-cells causing immunological impairrrent and the near total 

elimination of T-cells, since the loss of transformable target cells 

could decrease the incidence of lymphomas (13,98). 

2.3.6. Vaccination. Because vaccination can rrod.ify both patho-

genesis and tumour incidence in MDV-exposed chickens, it might be 

expected to affect the expression of genetic resistance or suscep

tibili ty . It does, but on a proportional basis which preserves the rank 

differences \\hen genetic strains, sire families, etc. , are compared 

(19,20) . Virus virulence and host genotype can interact to make the 

vaccinal response differences among strains even more pronounced (21). 

3. MOCHANISM OF GENm'IC RESISTANCE 

3.1. Potentially important factors. 

Genetic resistance could reside at anyone or more of several 

levels. First, there could be differences between genotypes in the 

number of specific target cells which are required at any of several 

stages of the sequential phases of pathogenesis. Second, of those 

target cells present, there might be genotypic differences in suscep

tibility to infectien (e.g. virus receptors) or ability to replicate the 

virus (intrinsic factors). Susceptibili ty to infection could involve 

events like activatien (as oc=s with stimulated T- or B-cells), which 

in themselves are genetically controlled. Third, cells may differ in 

their response to MDV infectien, i.e., sorre may more frequently enter 

cytolytic infection with immunosuppression the consequence, whereas 

others may be more prone to enter latent or transforming infections 

\\hich Y.Uuld enhance tumour developnent. Fourth, if transformation 
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requires integration of viral INA into the host cell INA and if the 

proliferative actillity of lymphocytes involved is under genetic control 

then genotype \\QuId be inportant. Finally, there could be genetically 

controlled differences in the immune response against infected or 

transformed cells. Irrportant responses could inclwe such nonspecific 

functions as interferon inducticn, NK cell acti vi ty , general immune 

responsiveness, or suppressor cell activity, as well as specific humoral 

or cell-rrediated immunity. There are data pertinent to nearly all of 

these phenomena which derive from studies on genetic resistance in many 

laboratories. Indeed, many can be shown to differ when various resis

tant and susceptible strains are compared (see reviews 13-16, 68). 

As already pointed out, there was speculation that multiple genes 

are involved in the genetic control of resistance to MD (41,49). At 

least three loci have been identified as being important. These are the 

mc or !!-complex, the Ly-4 locus, and the Th-l locus. 

3.2. Characteristics and mechanisms of MHC-controlled genetic 

resistance. 

The MHC in the chicken is a group of genes whose function and 

structure are rapidly being characterized, prirrarily because of their 

significance in immunogenetics (100-102) (see Table 2). Several reviews 

have been published (45,102-106) which illustrate the relationship 

between the MHC and disease resistance in general or MD resistance in 

particular. The MOC is associated with a microchroIlDsorre (108) and ccn

tains three closely linked genetic regions identified as B-F, B-G and 

B-L, which control cell surface antigens (103). Antigens specified by 

the B-L and B-F regions are present on lymphocytes and appear to be 

important in var ious lymphocyte functions. The immune response (Ir) 

region of the MHC could be specially important since it contains genes 

involved in such activities as B- and T-cell cooperaticn, immunoglobulin 

production, T-cell helper function, and rracrophage cooperation versus 

pathogens. Pevzner et al. (84) found linkage between genes coding for 

the immune response to a synthetic amino acid polyrrer (GAT) and Fa-B 

genes, thus placing the Ir regicn wi thin the MOC. Subsequently, la-like 

antigens, which are the Ir gene products inportant to several of the 

immunological activities of lymphocytes and rracrophages, were associated 

wi th the B-L region (101). Ia antigen can be found on B-cells, rracro-
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phages and activated T-cells (see 102). 

According to Briles et al. (108), a relationship between the Fa-B 

locus and rrortality from "leukosis" was suspected in the late 1950's. 

Nevertheless, it was not until 1967 that Hansen et al. (17) offered the 

first experimental data to prove the point. Chickens with the B21 blood 

group allele were found to be rrore resistant to MD than were those with 

the ~19 allele. The influence of certain B genotypes on MD resistance 

was confinued by other workers (see 16), with the rrost definitive data 

corning from Briles et al. (109) and Longenecker et al. (110) . 

Longenecker's data was fran experimental crosses between chickens haro

logous for ~21, ~2, ~14 or ~x. The ~21 harologus chickens carre from two 

populations, one of which was Cole's N-line ( 12 ) • Regardless of the 

source, the inheritance of the ~21 allele was highly protective against 

MD. In the Briles et al. study (109), N-line (100% ~21) and P-line 

(97% 3% ~13) chickens were crossed and their progeny backcrossed with 

~19, males or females. The backcross progeny horrozygous for ~19 had MD 

P-line incidences of 58.3 to 80.0% (mean 69.7%) compared to 16.7% (mean 

8.6%) for ~19~21 progeny. Taken altogether, it was amply apparent that 

there were differences in susceptibility which were associated with 

different B alleles and that B2L linkoo resistance was inheri too as a 

daninant trait. It is interesting that Hansen et al. (17) studied 

chickens harozygous for ~21 which had been specifically selected for 

that allele whereas the N-line developed by Cole (12) was found to be 

harozygous for B21 subsequent to selection for resistance to MDV 

challenge (45,109). Yet, the association was the sane in both cases. 

B alleles other than B21 have been evaluated ( 34, 82,108,111,112) , 

and certain of them, e.g. ~2 and ~6 (64) may confer an intermediate 

level of resistance canparoo to ~21 and other alleles. Longenecker and 

Mosmann (113) reviewed various reports and categorizoo B-allele

associated resistance as follows: high resistance, B21; rroderate resis

tance, ~2, ~6 , ~14 ; susceptibili ty , ~l, ~3 , ~5 , ~13, ~15 , ~19, ~27. 

Schat et al. (34) have subsequently reported a high level of resistance 

associated with a new allele, ~Q, and categorized the ~17 allele as one 

conferring a rroderate degree of resistance. The occurrence of both BQ 

(62), and ~21 (114) in Red Jungle Favl, the progenitor of the species, 

did not escape the attention of either research group as a suggestion of 
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the survival value of these alleles during evolutionary developrent. 

The !?21 has been found in a variety of leghorns, heavy breeds and other 

breeds (115; see also 16) and thus is of interest to breeders of commer

cial poUltry. B-locus alleles also appear to regulate susceptibility or 

resistance to transient paralysis, a nonturrourous condition sorretirnes 

associated with MDIT infectioo (115). 

TABIE 2. Subloci of the chicken MHCa 

Class Occurrence 

gene Locus 00 Functions 

products cells 

I B-F All nucleated cells Targets of cell cytotoxicity 

(graft-versus-host reaction, 

allograft rejection) 

II 

N 

B-L All Ig-positive cells, Immune responses (graft-

nonocytes, rracrophages, versus-host reaction, allo

sorre stimulated T-cells graft rejectioo, mixed lyrrpho

cyte reactions, Ig response, 

regulatioo of B-cell/T-cell 

cooperation, T-cell helper 

functioo, macrophage 

cooperation) 

B--G Erythrocytes Blood group determination and 

erythropoiesis 

acarpiled from Hclla et al. (103), pink et al. (101), and Toivanen and 

Toivanen (102). 

MHC-controlled resistance does not seem to involve deficiencies in 

the number or susceptibility of targets important in the early phases of 

infection. Splenic infection of chicken embryos (62, 116, 117) and in 

vitro infectioo of spleen lymphocytes (118,119) were both independent of 

genotype when N- and P-lines were compared. These findings were con-
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sistent with in vivo studies in which infections in the lymphoid organs 

during the first week post-infection were essentially indistinguishable 

between the t\\Q strains (60,61,65,69). An exception to this general rule 

was reported by Longenecker et al. (117) who fouOO the number of pocks 

on the chorioallantoic rrernbrane following intravenous inoculation of 

chicken embryos to be lower with resistant than with susceptible geno

types. 

It is the very rrarkedly reduced infection level during the second 

phase of infection which characterizes the MH2-type resistance. Latent 

infection of lymphocytes (mostly T-cells) occurs, but at very low levels 

in N-lines compared to that in P-lines ( 61, 65, 66) . The sane is true of 

MATSA-bearing cells (65). Also, there is an absence of the second wave 

of cytolytic infection which occurs in susceptible strain chickens after 

the second week post-exposure (69,70). The significant question which 

arises is: why does the infection level drop so profoundly in N-lines 

but not P-lines? The possibility that N-line birds differ from P-line 

birds through better imnunological responsiveness is attractive (see 

13,14,16, 68), and because Ir genes appear to nap wi thin the MHC (see 

22), this is plausible. Longenecker and his colleagues offered evidence 

that ~2L linked resistance might be rrediated through an Ea-B-linked, 

Ir-gene- controlled imnunological rrechanisrn since ~2l chickens also 

could reject transplantable lymphanas (114,120). Because GAT response 

is supposed to be under the control of Ir genes, the higher GAT-response 

of resistant chickens (101) could be taken as further evidence favouring 

an imnunological basis for MIL-controlled resistance. However, both 

GAT-high and GAT-low responders were found within each of two popula

tions respectively homozygous for ~l and ~19; this shows that favourable 

Ir genes are not necessarily linked only to certain ~ alleles. Also, 

there is the very significant recent finding of Briles et al. (121) 

that mC-associated resistance to MD is napped wi thin the B-F region 

rather than the B~ region where Ir genes are fouOO. This was based on 

observation with a genetic recombinant with B-F21/B~19. 

Unfortunately, there are few other data from N- and P-line birds on 

which to draw; inforrration which is available generally fails to support 

the contention that N-line birds are innately more responsive imnunolog

ically than are P-line birds. Imnunoglobulin levels were similar (77), 
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RSV regression rates ~re the sarre (83), and early imnune responses 

against MDV ~re similar (76) when the tw::> lines ~re compared. More

over, when responses of lymphocytes to mitogens, or graft-versus-host 

reactions (GVHR), were tested as criteria of eM! responsiveness, N-line 

birds or other strains with B21 alleles have consistently been less 

active than P-line birds or other susceptible strains (85-87,122; see 

also Section 2.2.2). This further suggests that resistance to B21 is 

not the direct result of a superior imnune response ~ se. 

However, that is not to say that the difference in CMI responsive

ness as a genetically controlled trait is not important. On the con

trary, there are possible consequences which could nake this the IlOst 

significant point of difference between N- and P-line chickens. 

Activation of hunan T-lymphocytes is a requirenent for their infection 

by herpes simplex virus (123). A similar requirenent may exist for 

infection of chicken T-cells by MDV. Schat et al. (124) found MD cell 

tUIlOur lines to all be la-bearing T-cells; la-antigen on T-cells is 

characteristic of activation. Similarly, latently infected splenic 

T-cells ~re shown to be la-bearing (67) as were spleen-derived T-cells 

infected in vitro (119). Calnek et al. (119) observed that the number 

of infected T-ce11s becarre significantly greater in terrrs of actual and 

proportional numbers in P-line than in N-line spleen cells by 4 to 5 

days after in vitro infectioo. This could reflect different rates of 

activation in vitro or different numbers of activated T-ce11s in the 

spleens of donor N- and P-line chickens. 

At least tw::> potential consequences of enhanced T-cell infection 

rate in P-line birds over N-line birds w::>uld be consistent with an 

ultimate effect of lower infection level and fewer tUIlOurs in resistant 

N-line stock: 1) Regardless of the intrinsic or extrinsic factors which 

govern the establishrrent of latent or transforming infections, a lower 

number of susceptible T-ce11s (through less efficient acti vatioo) w::>uld 

reduce the level of latent infection in peripheral blood lymphocytes or 

spleen lymphocytes and also the number of T-ce11s which could poten

tially transform and initiate lymphomas. 2) T-cells destined to be 

irrrnune effector cells w::>uld be spared if they did not becorre infected 

and undergo cytolytic infection during the early phase. This w::>uld 

preserve imnunocanpetence leaving the host better able to react against 
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those tumour cells which do arise. 

The possibility that enhanced MIN-induced proliferative responses in 

susceptible strains such as P-line might result in an overabundance of 

suwressor T-cells to help account for the irrmunosuppression should not 

be overlooked. Carpenter and Sevoian (88) considered that this might 

account for the poor CMI responses of susceptible S-strain chickens 

against Listeria monocytogenes, when compared to those of the resistant 

K- strain. Although the resistance of K-strain is not known to be MHC

related, a search for similar effects in N-line versus P-line could be 

rewarding. On the other hand, Rouse and Warner (125) hypothesized that 

resistance might be mediated through the ability to express a strong 

suppressor regulation of T-cell proliferation in response to viral 

antigen. 

Other differences have been observed between N- and P-line chickens 

which rre.y be significant. Macrophages in peripheral blood were more 

ahmdant in N-line than in P-line chickens <126, B.W. Calnek, unpub

lished data) and there is evidence that these cells play a role in 

resistance by one or more of several possible mechanisms, including both 

antiviral and antitumour activities <127-132). Especially interesting, 

in view of the above hypothesis regarding activated T-cells, is the fact 

that rre.crophages rre.y be very important in suwressing T· cell mitogenic 

responses (131,132). Also pertinent is the finding that removal of 

rre.crophages fran N-line lymphocyte preparations restored their mitogen 

responsiveness to levels comparable to those seen with P-line lympho

cytes (K.A. Schat, personal corrmunicaticn). This aspect should receive 

more attention. 

Interferon levels were higher in resistant K-strain than in suscep

tible S-strain chickens (133), but this aspect of N- and P-line chickens 

has not been reported. Payne (14) concluded that interferon is probably 

of only minor significance in any case. 

NK cell activity also has differed between N- ar,o P-line chickens 

suggesting a possible role for these cells in MIC-l.i.nked resistance. 

SharIM. (134) reported that after MIN infection, NK cell levels were 

depressed in susceptible chickens but elevated in resistant chickens. 

Thus, MIC-controlled resistance is expressed prirre.rily after the 

initial cytolytic infecticn of lymphoid organs, probably with an irrmuno-
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logical basis, but also perhaps being related to a relatively low rate 

of T-cell infection. The latter two features could be closely 

associated. 

3.3. Characteristics and mechanisms of non-MHC-controlled genetic 

resistance . 

Genes other than those of the MHC must also be involved in resis-

tance or susceptibility to MD. This is exemplified by the profound 

differences between lines 6 and 7 which are respectively resistant and 

susceptible to MD ( 41) and yet are both hOIlDzygOUS for the ~2 allele 

(45) • Three lymphocyte antigens were discovered which differed between 

these highly inbred lines. GilIIDur et al. (l35) described Bu-l and Th-l 

loci which respectively determined surface antigen on B and T-cells. 

Fredericksen et al. (18) discovered another T-cell antigen, coded for by 

the Ly-4 locus. These three loci are not linked to the mc, but Th-l 

and Ly-4 are thought to be loosely linkEd, perhaps on a large chroIlDsome 

(18) . Both of the T-cell antigen loci Iffiy be involved in resistance in 

line 6. Lines 6 and 7 respectively carry Ly-4a , Th-la and Ly-4b , Th-lb. 

The influence of the Ly-4 allele was apparent when comparisons of F2 and 

F3 progeny showed that hOIlDzygosity for either allele correlated with 

resistance or susceptibility as seen in the parental lines (18). How

ever, because the differences between the two allotypes were consider

ably sIffiller than those between the parental lines, the investigators 

concluded that other loci might be involvEd. Subsequently, Fredericksen 

et al. (136) showed the Ly-4 and Th-l loci interact in conferring MD 

resistance since of the four possible double hOIlDzygous Ly-4/Th-l 

classes, only one (bb/aa) effected a significant resistance to MD. 

In spite of the fact that resistance associated with line 6 versus 

line 7 must be considered as non-MHC-controlled, there is much in common 

between features of resistance in line 6 and N-line. Also, there are 

some significant differences. The similarities relate to inmunological 

responses to infection, whereas the differences have been considerEd to 

reside at the level of target cell numbers and susceptibility. The 

differences may be IlDre quantitative than qualitative. 

The significance of inmune mechanisms in line 6 resistance was shown 

when Sharffi3. et al. (94) and Powell et al. (98) were able to reduce 

resistance by thymectomy and irradiation, and when lesion regression was 
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determined to characterize line 6 as well as other resistant strains 

(93) • Lee et al. (62) considered cellular antiviral and antiturrour 

responses both to constitute part of the resistance mechanism in line 6. 

Plaque reduction and cell-mediated cytotoxicity against MD turrour cell 

lines were strong in those chickens but were absent in susceptible line 

7 chickens after MIJIl exposure. As reported. for N- and P-line chickens 

(65), MATSA-bearing cells could be found at equal levels in both line 6 

and 7 chickens during the early phase of infectioo, but the level sub

sequently decreased markedly ooly in the resistant line 6 chickens. The 

questioo of whether the differential response in VN antibodies (high in 

line 6, absent in line 7) (137) represents innate or induced incom

petence has not been addressed with these strains, but the latter seems 

probable since the CMI response measured by mitogen stimulation is high 

in line 7 chickens before but not after MDV infection and it never 

recovers after the initial 7 days post-infection depression as it does 

with line 6 (69). 

Target cell differences appear to be of considerable significance 

with lines 6 and 7. As with other genetic strains (138), resistance at 

the cellular level was not observed with llDnolayer cultures of chicken 

kidney or fibroblasts (139,140). However, there are several lines of 

evidence to suggest that lymphocytes from resistant line 6 birds are 

ei ther fewer in number, or less susceptible to MIJIl, or both, in com

parison to those in line 7 chickens. Line 6 spleen and thymus cells 

adsorb less HVT or MIJIl than do line 7 cells in vitro (98,140,141). This 

suggested to Gallatin and Lcngenecker (140) that in line 6 there were 

fewer target cells with virus receptors, or the receptors present were 

of lower affinity, or that there were fewer virus receptors on each of 

the target cells. The possibility of fewer target cells was supported 

by Lee et al. (62), who found line 6 to have lighter weight lymphoid 

organs and fewer splenic or peripheral blocrl lymphocytes than line 7. 

The target involved in adsorption, and subsequently in infectious centre 

assays for HVT, was believed to be a rrature T-cell since the difference 

between the two lines was llDre pronounced with spleen than with thymus 

lymphocytes (140). However, none of the studies reported have offered 

any evidence that virus adsorption involves T-cells alone, or even at 

all for that matter. B-cells are much llDre frequently involved in the 
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early phases of infection with MDIT, even in the thymus (66), and the 

virus adsorption studies may reflect differences in B-cells rather than 

T-cells. 

It \\Duld be important to learn if differences between lines 6 and 7 

exist in vivo during the first week post-infection when B-cells are the 

predominant target (66,67), and especially if in vitro differences in 

susceptibili ty of B-cells can be shown following established rrethods 

(118,119). Only limited data are available. Lee et al. (62) reported 

virus infectivity to be higher in line 7 than line 6 at 3 days but not 

at 5 days after infection, and calnek et al. (67), in a single trial, 

found B-cell infection to be remarkably lower in line 6 than in line 7, 

N-line or P-line spleen cells exposed to MDIT in vitro. 

Data from experirrents involving reciprocal transplantation of thymic 

or splenic lymphocytes between thyrrectomized line 6 and 7 chickens do 

strongly argue that the forrrer have a deficiency of target T-cells for 

infection and transformation. Gallatin and Longenecker (140,142) and 

Powell et al. (98) found that line 7 spleen cells or thymic lobes con

ferred susceptibility when given to line 6 chickens, but that the con

verse was not true; i.e. line 6 cells did not make line 7 chickens 

resistant. Transplanted embryonic cells were without effect, again 

suggesting a mature T-cell as the target (140); spleen cells from 1-

day-old donors were interrrediate in effect. The thymic stroma was 

thought by Gallatin and Longenecker (142) to provide the conditioning 

microenvironrrent to make T-cells ultimately susceptible. Line 6 T-cells 

\\Duld therefore becorre susceptible by passage through line 7 thymic 

stroma from the transplanted pieces. Hcwever, Pa.vell et al. (98) found 

that even though transplanted line 7 thymic lobes were repopulated by 

recipient line 6 T--cells, subsequent tunours were often of donor 

origin. 

Gallatin and Longenecker (140) pointed out that other differences 

between lines 6 and 7 exist as well. For instance, there are rrore allo

reactive cells in line 7 (122), and the cells from susceptible birds may 

proliferate better than those from resistant birds ( 117) . This may be 

very irrportant because it provides another feature in cornron with mc
linked resistance. Precisely as with N- and P-lines, it has been shewn 

that susceptibility with line 7 correlates with a markedly superior CMI 
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responsiveness as rreasured by rni togen stimulation in vitro (86, 87) . As 

noted previously, activation of T-cells may enhance their susceptibility 

to M1J'J. 

The mechanism(s) underlying non-MHC-linked resistance thus appear to 

be complex and incompletely understood. More than one factor may deter

mine the number of susceptible target cells (total number available and 

state of susceptibility) and it could be there are deficiencies with 

both B and T-cells. This contrasts with MHC-linked resistance in which 

there appears to be no deficiency of any kind with B-cells, and T-cell 

deficiencies, if they exist in vivo, probably are related only to state 

of susceptibility rather than available number. These points, however, 

must be considered only speculative until more information is available. 

On the other hand, it does appear that imnunolog-ical responses, probably 

through antiturnour CMI, are involved in all types of genetic resistance. 

HClYl any of these features of non-MOC-linked resistance relates to the 

Ly-4 or 'Ih-l loci is unknown. 

3.4. Selection for B-locus or other alleles associated with resistance. 

This procedure is obviously of considerable use when a specific 

allele has been proven to be uniformly associated with resistance. The 

~2l allele coding for blood group antigen has fulfilled this require

IlEIlt. Providing the genetic stock under selection contains a suffi

ciently high proportion of chickens with this allele, it should be 

relatiyely easy to develop resistant strains without disadvantaging 

other selection criteria. However, if the allele must be introduced, or 

if the natural incidence is low, then the selection process is severely 

hampered by the need to consider other traits in cornrercial breeding 

operations. Where B2l is involved, selection so that one of the 

corrrrercial parents (male or female) has a high frequency will result in 

prog-eny which are at least heterozygous for that allele. 

At present, the only loci, other than ~, which appear to be involved 

in resistance are Ly-4 and Th-l. To date, there is no published infor

mation on the alleles associated with these loci in cornrercial chickens. 

Virtually all reported WJrk has been done with the inbred lines 6 and 7. 

Future stlrlies may shClYl these, or other yet undiscovered loci, to be 

suitable for selection procedures. 
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The author appreciates the critical review and the helpful sugges

tions of Drs. R.K. Cole, K.A. Schat and J. Fabricant during the prepara

tion of this chapter. 
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12. SPREAD OF MAREK'S DISEASE 

P.M. BIGGS 

1. INTRODUCrrON 

Urrler natural conditions infection with Marek's disease virus (MDV) 

occurs primarily in members of the genus Gallus (1), although it has 

been described rarely in other galliforrres such as the turkey and quail 

(2,3 and see Chapter 2). Infection occurs in jungle fowl, both feral 

and those in zoological collections (1,4), rot it is nost important in 

domestic chickens where it is ubiquitous in poultry populations through

out the v.urld. There is no evidence to suggest that the jungle fowl is 

a reservoir of infection of importance to coornercial poultry. The 

source of infection for the domestic chicken is other infected domestic 

chickens. In the absence of vaccination Marek's disease (MO) occurs in 

corrrrercial poultry populations throughout the ~rld (5) and nortali ty 

may reach 80% of a flock. However, it is a characteristic of the 

disease that its incidence varies greatly in infected flocks, and 

between houses and pens within a house on a single site (6). 

variations can be greater than 10-fold. 

2 • SPREAD OF INFECI'ICN 

2.1. Infection. 

These 

Infection can be at any age but usually occurs early in life within 

the first feN weeks after hatching (7,8), although on occasions it may 

be delayed. Infection spreads rapidly through a flock and persists in 

some chickens in flocks throughout their normal coornercial life (8,9). 

MDV spreads readily by direct and indirect contact (10), but the 

precise route of infection is uncertain. However, a number of observa

tions suggest that infection occurs via the respiratory tract. Infection 

is readily spread by the airborne route (11,12) and experimentally has 

L. N. Payne (ed.), Marek's Disease. Copyright © 1985. Martinus Nijhoff Publishing, 
Boston. All rights reserved. 
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been shown to occur more effectively via the respiratory tract than via 

other natural routes (13). In particular the administration of chopped 

dry feathers or dust by inhalation has been a successful means of trans

mitting MD (14). In addition material containing virus-specific immuno

fluorescent antigen was found located adjacent to the pulmonary epithe

lium in chickens exposed to infection by contact with infected chickens 

(15) and the lungs appear to be the organ where infection first occurs 

(16) • 

Because serotype 1 viruses of varying pathogenicity and serotype 2 

apathogenic viruses are ubiquitous in poultry populations and their 

environments (8,17) , it is probable that individual chickens are at 

tilTBS exposed to more than one strain of virus. It is also probable 

that they can be infected by more than one strain because chickens 

vaccinated with an attenuated MDV can be superinfected with field virus 

under natural conditions (18) and chickens have been infected with both 

acute and mild strains of MDV by exposure to experimentally contaminated 

li tter (19). 

2.2. Shedding of infection. 

vertical transmission of MDV through the egg has been claimed (20), 

but all subsequent studies have not supported this view. Attempts to 

isolate virus from embryos and chicks from infected flocks have not been 

successful and progeny of infected flocks reared in isolation have 

rerrained free of infection (21,22). It is interesting to note that MD 

occurred in chickens kept in isolation facilities which were hatched 

from eggs which had not been disinfected but were incubated and hatched 

on infected premises (23). It is not clear fran this experiment whether 

infection was transmi tted on the surface of the egg or occurred by the 

introduction of infection into the hatcher from the surroundings. 

Horizontal infection between hatched chickens is clearly the method 

of spread of MDV. Infecti vi ty is present in oral and nasal washings, 

dander and cloacal swabs, but not faeces, from infected chickens (24-

27). The most likely rrajor source of infection is dander which contains 

desquamated epithelial cells and TlDulted feathers (27), because the 

feather follicle epithelium is the only site where enveloped and cell

free infectious virus is formed (14). Litter and droppings have been 

found to be infective (28) but this is likely to have arisen from 
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contamination with dander. 

Shedding of infectious IlBterial occurs about 2 to 4 v.Beks after 

infection, prior to the appearance of clinical disease, and can continue 

throughout the life of the chicken (2,9,24,27). Since infection with 

MDV is ubiquitous all chickens are a potential source of infection at 

any time and flocks of chickens at all times. A study which examined 

the pathogenicity of MDV isolates made throughout the life of a laying 

flock found that with increasing age pathogenic viruses became less 

frequent and apathogenic viruses more frequent (8). If this is generally 

true the serious consequences of exposure to infected chickens would, in 

general, be reduced as the infected chickens aged. 

2 • 3 • survi val. 

Oral and nasal washing and dander of infected chickens contain MIN 

and these are likely to contaminate litter. It is therefore important 

to know how long, and in what conditions, litter can remain infective. 

However, because dander is the most important source of infection and it 

forms a IlBjor component of p:mltry dust, this information is equally 

important for poultry dust. Poultry dust can remain infective for over 

1 year and litter for at least 16 v.Beks at room temeprature and low 

humidity (27-29). The infectivity of litter stored for longer than 16 

weeks has not been tested. The survival of infectivity in feathers, 

poultry dust and litter is affected by temperature and humidity and 

decreases with increasing temperature and llDisture (27,28,30). A range 

of cOIllOOl1ly used disinfectants including solutions of chlorine, quater

nary armonium compounds, organic iodine, cresylic acid and synthetic 

phenol, have been shown to be effective for disinfecting ground-up 

feathers. Formaldehyde gas was less effective (30). These results 

suggest that a range of compounds is suitable for use as chemical disin

fectants for MiN-infected premises and utensils and that formaldehyde 

gas could be a useful adjunct to chemical disinfection. 

2.4. M:!chanisms of spread. 

Spread of MIN is horizontal and can be by direct or indirect contact 

wi th infected birds nO). However, it is probable that the mechanism of 

spread, whether between birds in direct or indirect contact with one 

another, is similar and this is by aerosol. However, because MDV is 

largely associated with desquamated epithelial cells and probably rarely 
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cell-free because of a shorter viability in this form, it will be 

associated with particles (27). Evidence for the air-borne transmission 

of MDV has been provided by showing that infection passes from infected 

chicks in one air space to uninfected chicks in another connected air 

space when air passes from the air space with the infected chicks to the 

air space containing the uninfected chicks before egress ( 11) • using a 

similar design, the efficacy of a number of filters placed in the 

connecting ducting has indicated that rrost of the virus is associated 

with fairly large particles, probably desquamated epithelial cells (30), 

and that all virus is associated with particles greater than I jl m in 

diaIl'eter ( 31) . Particles of this nature, for which infecti vi ty can 

survive for long periods, can be readily passively transported on 

inanimate objects and by aerosol over long distances. Objects such as 

clothing, undisinfected eggs, utensils and vehicles should be 

considered. 

Although the darkling beetle (Alphitobius diaperinus) was shown to 

passively carry MDV (32) it does not appear to be an important methcxl of 

spread of infection (33). Other possible animate carriers of infection 

which have been examined for transmission of MDV include rrosqui toes, 

litter mites and coccidial oocysts (28,34-36). In no case was there 

evidence for transmission. 

3. FLOCK INFEX::TION 

Flock infection can occur at any age but because of the ubiquitous 

nature of the infection and the long survival of MDV outside the bcxly, 

infection is likely to occur early in life unless stringent precautions 

are taken. MDV was isolated (7) fran a broiler flock as early as about 

4! weeks of age (7) and from a layer flock at 5 weeks of age (8) (see 

Figs. I and 2). However, using exposure to infected susceptible chicks 

as a method of detection it was found that a sample of chicks from a 

broiler flock were infected at 9 days of age (7). Only samples of 

chickens fran flocks can be examined and it is likely that if infection 

is present in a house in which chicks are placed, some chicks ""ill 

become infected within the first few days of life. Also because of the 

ubiquitous nature of the infection in rrost flocks all, or nearly all, 

l-day-old chicks have rraternally derived antibcxly to MIN (6,7). There 
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is a direct correlation between the presence of antil::x:rly in the hen, in 

her eggs and hatched chicks ( 37) • The incidence of this antil::x:rly 

declines after hatching and has disappeared in rrost if not all chickens 

of a flock by 3 weeks of age (6-8). In progeny of vaccinated flocks 

titres of neutralizing antibody to MDV can be high with a geometric mean 

of up to 3.6 loglO and varying between individuals by as much as 

200-fold (38). On exposure to MOIl infection spreads rapidly and the 

incidence of infection rises steeply with an interval of between 4 and 5 

weeks between the first isolation of MDV and the infection of all the 

chickens in the flock (6-8). The incidence of antil::x:rly rises at a 

similar rate but about 2 to 3 weeks later (6,7,8). Examples of a 

broiler flock are presented in Fig. I and a laying flock in Fig. 2. A 

high incidence of both viraemia and antibody can be present throughout 

the life of a laying flock (8, Fig. 2). The factors that affect the 

rate of spread of infection in a flock have not been determined but it 

is likely that the level of initial exposure is important. The larger 

number of chickens infected at initial exposure the higher the concen

tration of MDV shed and available to infect those which escaped infec

tion initially. Also the higher the concentration of birds in a house 

or on a farm the Il'Ore rapid spread of infection is likely to be. Mor

tality from MD can begin within 4 or 5 weeks of isolation of MDV from a 

sample of chickens in a flock. 

4. FACIDRS AFFECTING '!HE INCIDENCE OF MAREK I S DISEASE 

Most, if not all, flocks become infected with MDV but the incidence 

of MD varies greatly (6). The factors involved can be considered as 

those concerned with the environment, with the causative virus and with 

the host. 

4.1. The environment. 

As already mentioned the concentration of virus at exposure will 

affect the rate of spread of infection in a flock. Since dose and age 

at infection influence the outcome of infection (39,40 and see Chapter 

3) the rate of spread of infection in a flock will influence the resul

ting incidence of MD. There are factors which anecdotally have been 

associated with increasing the incidence of MD in an infected flock or 

initiating clinical disease. 

herpesvirus infections are 

This is not an unreasonable concept since 

commonly latent or persistent and the 
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exacerbation of infections by physiological and environrrental factors 

are well documented for sorre herpesviruses e.g. herpes simplex, th"! 

cause of cold sores in man. Those that have been ass=iated with 

exacerbating the effects of infection with MDV include stressing factors 

such as handling, re-housing, vaccination, debeaking and outbreaks of 

c=cidiosis. The effects of stress have been investigated. The nroel 

used was s=ial stress created by moving individuals in groups of 

chickens necessitating the establishment of new s=ial hierarchies or 

"pecking orders". Chickens exposed to a high degree of s=ial stress or 

selected on the basis of a high concentration of plasma corticosterone 

had an increased incidence of MD whereas chickens exposed to a low 

degree of s=ial stress or selected on the basis of a lCM concentration 

of plasma corticosterone had a lower incidence of MD (4l). The obser

vations that c=cidiosis was frequently ass=iated with MD were correct 

but the suggestion that c=cidiosis predisposed affected fl=ks to MD 

was not supported by experimentation. These studies provided no 

evidence for the transmission of MDV by c=cidial o=ysts or for 

c=cidiosis increasing the incidence of MD in infected chickens 

( 35 , 36,42 ) . HCMever, there is exper irrental evidence for infection with 

MDV resulting in increased incidence of c=cidiosis (43) probably as a 

result of the immunosuppressive effect of infections with MDV. 

4.2. Host 

The genetic constitution of a fl=k of chickens will influence the 

incidence of MD after infection. The effects of genetic constitution on 

the susceptibility to the developrrent of MD and the rrechanisms involved 

are discussed in Chapter 11. Apart fran recognised specific genetic 

factors controlling susceptibility to the developrrent of MD, selection 

for rapid growth rate has been reported to be ass=iated with suscepti

bility to MD (44). 

Females are usually more susceptible to the developrrent of MD than 

males and although there is no effect of age on infection the incidence 

of MD in a fl=k generally declines with increasing age at infection 

(40,45-47) . The latter is ass=iated with the developrrent of inmune 

competence and is related to genetically controlled resistance. These 

factors are discussed in Chapters 3 and 11. 

Although passively acquired antibody does not prevent infection it 
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reduces the levels of infection, increases the latent period between 

infection and disease and reduces the incidence of MD (48,49). Actively 

acquired imnunity in response to experimental infection with attenuated 

MDV and apathogenic viruses such as HVI' and type 2 MDV does not prevent 

infection with pathogenic field virus but it does reduce the incidence 

of MD in flocks ch~llengej with field pathogenic viruses (18,50-52). 

4.3. Viruses. 

The pathogenicity of the MDV to which a flock is exposed will affect 

the incidence of MD. wi thin type 1 MDV pathogenicity varies. Sorre 

virus strains are capable of producing high incidences of MO whereas 

others may only have the capability of producing a law incidence in a 

similar flock of birds. Virus isolates vary in their pathogenicity on a 

sliding scale between these extremes (see Chapter 4). However the 

incidence of MD in groups of chickens cannot be explained in such simple 

terrrs. The unpre:'lictable nature of the incidence of MD has been one of 

its rrain features. The incidence of MD can vary greatly not only 

between sites but between houses on a site and between pens wi thin a 

single house (6). The incidence of MD in chickens of the same genetic 

stock can vary between pens within a single house by as much as 13-fold 

(53). An investigation of this phenorrenon (6,8,53) suggested that it 

was likely that imnunization with viruses of little or no pathogenicity 

could occur naturally and that an interplay of viruses of varying 

pathogenicity could be responsible for the unexpected variation in 

incidence of MD. It was found that !lOst if not all flocks W9re infected 

with strains of MDV of varying pathogenicity and that the incidence of 

MD was influenced by events at the time of infection. Events and 

environment subsequent to this period had little if any effect on the 

incidence of MD. It was found that the incidence of MD was associated 

with the predominant type of virus present in a group of chickens at the 

time of primary infection. Both pathogenic type 1 viruses and apatho

genic type 2 viruses were present in each group of chickens but those 

groups where the pathogenic viruses predominated early after infection 

had a higher incidence of MD than those in which apathogenic viruses 

W9re predominant. It was concltrled that it is the sequence of infection 

or dominance of isolates of a particular pathogenicity in the environ

ment that influences the incidence of MD. Because individual chickens 
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can be infected by oore than one MDV strain (18,19) it was ~stulated 

that where infection with an apathogenic strain preceded that by a 

pathogenic strain, natural vaccination occurred reducing the incidence 

of MD (6,8,53). 
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13. CXJNTROL OF MI-\REK' S DISEASE BY 'IRE FOULTRY INDUSTRY 

CONSIDERATIONS 

M. PATTISON 

1. INTRODUCTION 

PRAcrICAL 

Before the developrrent of Marek's disease (MO) vaccines it was 

COJlIlOn to see 20% to 30% mortality in flocks during the growing perioo. 

This was p:rrticularly so during the late 1960' s with the increased 

intensification of the poultry industry, and the disease was the rrajor 

cause of rrortali ty and financial loss. During this period, the appli

cation of sound principles of gocx1 hygiene was the only means of control 

of MD at the disposal of the industry. 

Since the introduction of vaccination, Which brought such rerrarkable 

control to a desperate situaticn, the basic principles of gocx1 hygiene 

have often been forgotten or ignored. This is regrettable as it will 

never be possible to achieve total control with vaccinaticn. Marek's 

disease virus (MIN) is shed into the environment of the poultry house 

through the desquarration of feather follicle epithelial cells and 

survives in the litter and dust in the poultry house. The dust settles 

on the feeders, drinkers, bearcs, posts, pipes and ventilation ducts, 

Which rray contain fans, and can becare wind-borne and spread infection 

fran house to house especially at clean-out time or through the movement 

of birds, equiprrent or personnel. 

2. CONTROL BY HYGIENE 

The principles of hygiene Which apply to the control of all infec

tious diseases of poultry are particularly appropriate to the control of 

MD. They can be surmarized as follows: Cleaning routines for poultry 

houses should be the same and as thorough for those containing broilers 

as for those for housing replacement breeders or layers. In practice, 

they rarely are, because economic necessity dictates that broiler houses 

L. N. Payne (ed.), Marek's Disease. Copyright © 1985. Martinus Nijhoff Publishing, 
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are refilled as quickly as possible. Cleaning methods vary but emphasis 

should be placed on efficient mechanical cleaning prior to disinfection. 

After the birds have been rerroved from the house, all items of rrovable 

equipment should be rerroved for cleaning outside. Provision of concrete 

aprons around houses makes this task rrore efficient. Litter is rerroved 

using a tractor and fore-loader and should be deposited at a site well 

away from other poultry houses. The inside of the building is washed 

dCMl1 using a detergent solution delivered by a high pressure hose. It 

is essential to rerrove all deposits of dust and organic matter. This is 

particularly difficult in inlets or outlets containing fans. Disinfec

tant is then applied to clean surfaces by means of suitable spraying 

equipment. It is wise to apply an insecticide as it is known that 

insects such as the Alphitobius beetle can carry disease from one crop 

of birds to another. Finally the building should be fogged with formal

dehyde vapour generated by heating paraformaldehyde, or by the addition 

of formalin to potassium permanganate crystals, or by spraying liquid 

formalin as a fine mist spray. HloMnek et al. (1) sho~ that cell

free MDV persisted in poultry house dust for over a year and the most 

successful disinfecting agent was a combination of formaldehyde vapour 

and a preparation based on iodine bound to organic carriers. The poultry 

house should be left empty for as long as possible before rroving in the 

clean equipment and fresh wood shavings for deep litter houses. The 

longer the period between flocks, the better for rerroval of virus. This 

may be about 4 weeks for breeder flocks but may only be a feY days for 

broiler flocks. In some countries, broiler houses are often stocked by 

successive crops for periods up to 2 years without clean out, often 

because of lack of a supply of \'.DOd shavings for litter. In such 

circumstances the principles of good hygiene are not being applied and 

vaccination becomes the only means of control. 

In houses where litter is reusEd, it has been suggested that paper 

placed over the litter in the brooding area will cut down exposure to 

virus in the early life of the chicks (2). 

MD control is much easier on single age sites which are completely 

depopulated prior to clean out. However, often for ccmnercial reasons, 

and rrore so in the case of layers than of broiler breeders, several 

different ages may exist on one site. Then, young birds in the rearing 
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stage should be kept as far away as r;ossible from the adults and looked 

after by separate attendants. If attendants look after rrore than one 

site they should be provided with separate oweralls for each site. 

It is important to avoid early exposure of young chicks to large 

arrounts of MDV, as this can overwhelm the developing imnunity from the 

vaccine given to the day-olds in the hatchery. Sorre IDultiage rearing/ 

laying units have been forced to becorre single age units, because the 

incidence of MD made it the only economically sensible practice. For 

this reason also, hatcheries should be sited at least 2krn from farms to 

avoid infection of day-old chicks. Basarab and Hall ( 3) showed the 

benefit of holding chicks in the clean environrrent of the hatchery for 

24 hours after vaccination. However, in conmerce it is difficult to put 

this principle into practice. 

The conditions under which chicks are transr;orted and the length of 

their journey from hatchery to farm are also irnr;ortant factors in deter

mining whether they will succumb to MDV infection. Air transportation 

can result in excessive delays and holding of chicks in adverse tempera

tures. This causes stress and increases susceptibility. 

Early brooding conditions are also irnr;ortant and stress at this 

stage can predisr;ose chicks to infection. Good stockrnanship is of vital 

importance. Temperature and ventilation control, clean water and fresh 

food wi thin brooder surrounds are as important to MD control as to any 

other disease. 

3. BREEDING FUR RESISTANCE 

For many years it has been observed that certain breeds and 

strains survive better than others in situations of high challenge by 

MDV (see Chapter 11). Sane breeding companies select for greater natural 

resistance to MD. This can be done by simply leaving primary breeding 

stock unvaccinated and breeding from survivors - a sorrewhat cavalier 

approach - or by having a test farm heavily seeded with MDV, where 

selection for the rrost resistant crosses can be carried out. Alterna

ti vely, test chicks may be placed in clean conditions and challenged 

with a controlled MDV infection by injection. A rrore scientific 

approach can be used, where genes for resistance that are well defined 

can be selected for. Selection is based on blood typing which can 
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detect those individuals horrozygous for the particular allele conferring 

resistance, e.g. B21 in White leghorns. There will always l::e a cornner

cial conflict of interest in any such selection prograrnnes, as the 

breeder must select for other traits and resistance genes may show 

negative correlation with important cornnercial characteristics such as 

hatchability or growth rate. 

4. CDNTROL BY WCCINATION 

The use of MD vaccine is virtually universal throughout the w:::>rld. 

It is generally accepted that control of MD is not possible without it; 

however, control of the disease in vaccinated stock is often not com

plete without the good management practices already described. 

As described in Chapter 8, vaccine is available in three forms: 

1) Cell-associated MDV, 2) Cell-associated herpesvirus of turkeys 

(HVT), 

4.1. 

3) Freeze-dried HVT. 

Use of vaccine in cornnercial practice. 

In general, MD vaccine is given as a single in jection to day-old 

breeding stock and commercial layers l::efore they leave the hatchery. In 

some situations, vaccine is also given to cornnercial broiler stock, for 

example, in the USA where the level of field challenge is likely to l::e 

very high due to continuous stocking. It may also l::e used when the 

broilers are likely to l::e taken to heavier roaster weights and therefore 

kept longer than the usual 6 to 7 weeks life span. Despite the extra 

care with storage and reconstitution of cell-associated vaccine, it is 

generally favoured in the UK for vaccination of breeding stock. This 

may l::e due to the apparently quicker onset of viraemia in the face of 

maternal antibody for cell-associated vaccine (3 to 4 days) than for 

freeze-dried vaccine (5 to 7 days). 

4.2. Revaccination 

Following the epidemic of MD in the UK in 1975/76, it became accep

ted practice to revaccinate broiler breeders at 2 to 3 weeks of age with 

freeze-dried vaccine. This is now an established routine for many 

canpanies and is successful, as judged by the lack of mortality fran MD. 

The experimental data on revaccination does not explain why double 

vaccination should apparently be so successful in the field. Choi (4) 

showed that revaccination did not reduce significantly the develor:m=nt 
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of MD or increase vaccine viraemia and antilxxiy response. There was, 

however, a slight trend toward reduction in MD IlOrtali ty after challenge 

at different ages. Riddell et al. (5) showed that revaccination at 21 

days of age did not produce a measurable beneficial effect on viraemia, 

antilxxiy response or MD IlOrtality when chickens ~re challenged at 6 

weeks of age by contact with birds inoculated with MDIl. Similarly Ball 

and Lyman (6) found that vaccination at 1 and 21 days did not reduce MD 

IlOrtality over a single vaccination up to 378 days of age, when chicks 

~re exposed to MDIl from day-old. Cho et a1. (7) also had similar 

findings when revaccination was delayed to 6 ~eks of age. In practice, 

ho~ver, once a routine such as double vaccination becomes established 

and appears to work, it takes courage to change it! Sorre canpanies have 

used different vaccines for separate generations. Thus attenuated MDIl 

vaccine may be used at the level of grandparent stock and HVr can be 

used for parent stock. In theory, there should be less interference 

with HVr vaccination in the parents because they will have only MDIl 

maternal antilxxiies. 

4.3. Vaccine administration. 

Despite the availability and widespread use of semi-automatic 

machines, vaccine administration is still often carried out with a 

hand-operated automatic syringe with glass barrel (e.g. Avijector) 

(Fig. ll. One complete depression of the plunger delivers one dose of 

vaccine (0.1 to 0.2 ml) which is held in a 250 ml reservoir, connected 

to the syringe by a flexible tube. Vaccine may be given by intra

muscular or subcutaneous routes and a skilled operator will achieve a 

rate of approximately 700 chicks/hour. Needles should be changed every 

500 chicks or earlier if contamination occurs. Syringes should be cali

brated at the start of each day's work by squirting 20 "doses" of dis

tilled water from the reservoir into a measuring cylinder. The syringe 

is adjusted until the correct volurre is being delivered. A regular 

check of vaccine usage should be made each day, recording the number of 

doses and the vaccine batch numbers. 

4.3.1. Freeze-dried vaccine (HVr). The vaccine is normally stored 

in a domestic refrigerator at 4OC. The diluent should also be kept in a 

cool place, at less than l8OC. The vaccine is reconstituted by inject

ting 1 ml of diluent with a sterile needle and syringe into the bottle 
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containing the pellet. The bottle should be rotated gently until the 

pellet dissolves. The reconstituted vaccine is then injected gently 

into the diluent bottle. 

FIGURE 1. Hand-operated vaccinating gun. 

4.3.2. Cell-associated vaccine (MDV or HVT). The vaccine is stored 

in liquid nitrogen and the level in the container should be checked 

daily to ensure that evaporation or leakage has not occurred. The dil

uent is stored in a refrigerator at 4OC. The vaccine is reconstituted 

by rapid thawing of the ampoule in water at 37OC. (The operator should 

wear eye protection during this procedure.) The vaccine is transferred 

to the diluent bottle as before. Reconstituted vaccine should be used 

within 1 hour and it is a good practice tc keep it in an insulated box 

containing ice until use. Bottles containing cell-associated vaccine 

should be agitated during vaccination tc keep the cells in suspension. 

4.4. Mixing with other products. 

Saretirres extra diluent is used in the hope of giving the chick 

extra fluid if it is to enbark on a long journey. Various antibiotics 

have been incltrled with the MD vaccine by sorre companies but this is not 

a generally recorrmended practice as it is usually an attempt to cover up 

50rre basic rranagerrent problem, e.g. yolk sac infection. Eidson (8), 
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FIGURE 2 . Semi- automatic vaccinating machine . 

FIGURE 3. Carousel arrangement for several vaccinating machines 

operating together. 
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however, did list the antibiotics he felt were or were not compatible. 

Canpatible antibiotics includErl dihydrostreptomycin sulphate, neomycin 

sulphate, potassium r;enicillin G, sr;ectinomycin and tylosin tartrate. 

Chlortetracycline, oxytetracycline and erythromycin were said to have a 

deleterious effect. 

Spray vaccination has been tried but extensive trial work in the USA 

in the mid-1970's failed to derronstrate that this method was as effec

ti ve as in jection , and the idea was dropped. 

Vaccination technique and the aseptic procedure necessary for recon

stitution of a vaccine should be constantly checked by the r;erson 

responsible for quality control in any commercial hatchery. 

4.5. Handling of vaccine 

Vaccine manufacturers' recommendations should be followed pre

cisely. Halvorson and Mitchell (9) have highlighted the possible loss 

of cell-associated vaccine titre that can occur through bad handling 

practices in the hatchery. For example, if ampoules of vaccine were 

rerroved from liquid nitrogen and held at room temr:erature for as little 

as 21 minutes and then replacErl in the liquid nitrogen, they lost 75% of 

their titre. If vaccine vials were left for 15 minutes in the thawing 

water, they could lose 50% of titre, and if the water used for thawing 

vaccine was too hot (40OC) or too cold (17OC), 30% of vaccine titre 

could be lost. They also showed the benefits of using vaccine within 30 

minutes of reconstitution (as often happens in corrmercial hatcheries), 

rather than the maximum of 2 hours allowed by manufacturers. These 

observations emphasize the importance of continuous IlDnitoring within 

hatcheries to ensure there is no departure fran the correct handling, 

thawing and reconstitution of vaccine. 

Sanetimes if very large numbers of chicks are to be in jected, as in 

broiler hatcheries, automated equipment must be used (Fig. 2). Several 

machines may be employed and situated with their operators in a carousel 

arrangement, which enables other operations such as debeaking and spray 

vaccinating for Newcastle disease and infectious bronchitis to be 

carried out at the same time (Fig. 3). 

It cannot be emphazised too strongly that the efficiency of the 

vaccination procedure depends as much on constant alertness to operator 

efficiency as it dces on consistent high quality of vaccine. 
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association with other traits, 301 
B-21 allele and, 68,178,300,311, 
--n9, 343 
Bu-1 locus and, 316 
dominance, heritability and 

sex-linkage, 299-300 
Ea-B locus and, 68,178,294,310-
--n6, 319 , 343 
effect of sex on, 309 
effect of vacccination on, 309 
effect of viral strains on, 308 
effect of pathogenesis, 304-305 
expression of, 294-309 
GAT responses and, 313 
graft-versus-host reaction and, 

314 
historical aspects of, 10,293-294, 

343 
imnune responses in, 305-307 
Ly-4 locus and, 68,179,294,316-319 
maternal antibodies and, 308-309 
mechanisms of, 309-320 
MHC locus and. See Genetic 
resistance, Ea-:P;-locus and 
plasma corticosterones and, 307 
selection for, 178,296-299,301-

303,343 
Th-1 locus and, 294,316,319 
variability in, 296-297,336,343 

Genotype, effect of, 178 
G1ycoproteins of MDV, 97 
Graft-versus-host reaction, 314 
"Gray eye" or "Grey eye". See 

Iridocyclitis 
Gross appearances, 43-46,155-158 

Growth rate of broilers, effect of 
subclinical MD, 30 

Guillain-Barre syndrome. See 
Landry-Gui11ain-Barre-Strohl 
syndrome 

Haemagg1utination test, 181 
Haemato1ogy, 53 
Hanganutziu and Deicher-type 

heterophile antigen, 65,96 
Hepato1ymphomatosis. See Lyrrphoid 

leukosis -
Herpes simplex virus, 94,113,314, 

336 
Herpesvirus as cause of MD, 12 
Herpesvirus of turkeys. See also 

Marek's disease virus- --
antigenic cross-reactions with 

other herpesviruses, 100 
as serotype 3 strain, 78,166 
cytopathic plagues of, 166 
distinction between MDV and HVI' 

antibodies, 171-172 
DNA of, 113 
DNA po1yrrerase of, 99 
effect of UV light on, 84 
failure to protect turkeys 

against MD with, 191 
growth in arterial smooth muscle 

cells, 90 
growth in cell culture, 256-257 
growth in embryonated eggs, 

91,167 
inhibition by FMAU, 91 
inhibition by IUdR and BUdR, 91 
replication of, 92 
restriction enzyme pattern, 120 
thymidine kinase of, 99 
use as vaccine, 206 

Heterophils, blood, changes in, 
53 

Histopathology. See Pathology 
Historical review-of MD, 1-12 
HVI'. See Herpesvirus of turkeys 
Hypersensitivity to myelin, 57 

la-like antigen, 65,94,314 
Idiopathic polyneuritis, 

of chickens, 33,57-59 
of man, 59 

IgM, cell surface, 65 
Immunity, 177-194. See also 

Genetic resistance- -
ADCC, 182,184-185,189,213 
allograft rejection, 193 
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Irrtnunity (continued) 
antibody, actively acquired, 69 

179,190,220 
antibody, passively acquired, 

69,179,189-190,220,302,308-309 
antibody, precipitating, 170-171, 

181 
antibody, virus neutralizing, 171-

172,181,305 
cell-mediated cytotoxicity, 183, 

217 
complement-dependent cytoxicity, 

182,189 
cytotoxic lymphocytes, 66 
delayed hypersensitivity, 193,213 
graft-versus-host reaction, 314 
immunosuppression, 51,190,193-194, 

212,305,307 
interferon, 88,185-186 
lectin mitogens, 193,306 
leukocyte migration inhibition, 

182 
macrophages, 185,194,218,315 
natural killer cells, 66,186,214, 

218,315 
plaque inhibition test, 182,213 
responses, 180-186 
suppressor cells, 194 
suppressor factors, 194 
"Tv.o-step" rrechanism, 191 
vaccinal, 212-219 

Immunosuppression in MD, 51,190, 
193-194,212,305,307 

effect on genetic resistance, 309 
effect on vacccinal immunity, 211, 

217 
in vaccinated birds, 212 

Incidence of MD, 22-27 
factors affecting, 335 
in different avian species, 22,152 
in different countries, 22-27 
in egg-laying chickens, 22,39 
in rreat-type chickens (broilers), 

22,39 
seasonal, 25 
under different husbandry 

practices, 26 
Inclusion bodies, intranuclear, 48, 

51,88 
Incubation period, 27-28 
Infectious bursal disease virus, 223 
Inhibitors of viral replication, 91, 

125,139 
Interferon, 88,185-186,315 
Iodine, effect on MDV, 84,342 

5-Iodo-2-deoxyuridine 
as activator of MDV, 66,96 
as inhibitor of MDV and HVT, 91, 

139 
Iridocyclitis, 4,8-11,29,46,63 
Iritis. See Iridocyclitis 
IUdR. See 5-Iodo-2-deoxyuridine 

Landry-Guillain-Barre-Strohl 
syndrorre, 59 

Lectin mitogens, 193,212,306 
Leukaemia, occurrence in MD, 53 
Leukocyte migration inhibition, 

182 
Leukoses, transmissible, 7 
Leukosis virus, transmission 

during vaccination, 279 
"Limi ted-area" brooding, effect on 

MD incidence, 26 
Listeria monocytogenes, 307,315 
Litter, infectivity of, 331 
Ly-4 locus, 68,179,294,316,319 
Lymphoblastoid cell lines, 

inhibited by macrophages, 185 
lymphoma-derived, 64-66,81,141, 

143,185 
non-producer, 66,95,143,145 

Lymphocytes, 
blood, changes in, 53 
cytotoxic, 66 

Lymphocytoid cell lines, 
lymphoma -der i ved , 64 

Lymphoid leukosis, 7 
differential diagnosis of, 

154,158-163 
Lymphoid tissues, 48-51 
Lymphomas, 45,60-62,155 

B-cells in, 62 
cutaneous, 45,52,155 
macrophages in, 62 
MATSA-bearing cells in, 62 
neural, 53 
T-cells in, 62 
transplantable, 66-67,213-214 
visceral, 4,6,60 

Lymphoma-derived cell lines. See 
Lymphoblastoid cell lines; 
Lymphocytoid cell lines 

Lymphanatosis, 
egg transmission of, 10 
various forms of, 8 

Lymphoproliferation, 
in resistant strains, 305 
induced by vaccine viruses, 211 

Lymphoreticulitis, acute, 48,190, 
304 
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Macrophages, 185,194,214,218,315 
in lyrrphomas, 62 

Major histocompatibility complex 
antigens, 65,99 
locus, 178,300,310 

Managerrent practices, effect of 
poor, 154 

Marek, Jozsef, 1-3 
Marek's disease, adoption of term, 

11 
"Marek's disease cells", 56 
Marek's disease tumour-associated 

surface antigen 
antibodies, to, 158-161,182 
first appearance of, 48,304,317 
on cell lines, 95,181 
on lymphocytes in nerves, 56 
on lymphoma cells, 62,99,158-161 
on transformed cells, 99,136,181, 

183 
Marek's disease virus, 77-101, 

113,146. See also Herpesvirus 
of turkeys----

A antigen of, 80,97-98,127-128, 
218-219 

abortive infection. See Marek's 
disease virus, semiproductive 
infection 

activation by BUdR and IUdR, 66,96 
activation by TPA, 96 
acute cytolytic infection by, 48 
acute strains of. See Marek's 

disease virus, highly oncogenic 
strains of 

airborne transmission of, 332 
antibodies, 170-172,181 
antigen cross-reactions with other 

herpesviruses, 100-101 
antigens, 97-101,127-136 
attempts to infect marmalian 

cells, 87 
B antigen of, 97,127 
C antigen of, 97,127 
capsid of, 125 
cell-associated nature of, 6 
cell culture systems, 85-87,164-

166,256-257 
cell-rrediated responses to, 182 
classic strains of. see Marek's 

disease virus, rroderate1y to 
mildly oncogenic strains of 

cytopathic plagues of, 87-89,165-
166 

detection of antibody to, 170,181 
distinction between MDV and HVT 

antibodies, 171 

DNA of, 113-122,168 
DNA horology between serotypes, 

98,120-122 
DNA polynerase of, 99 
effect of chlorine on, 84,331-

342 
effect of disinfectants on, 331 
effect of formaldehyde gas on, 

84,331,342 
effect of iodine on, 84,331,342 
effect of pH on, 84 
effect of strain on MD 

incidence, 337 
effect of temperature on, 84, 

168,331 
ELISA for antibodies to, 170,181 
filtration of, 84,332 
flock infection by, 332 
fully productive infection by, 

46,92 
genCllTE oopies in infected cells, 

141-144 
genCllTE in lymphoma cells, 62 
glyooproteins of, 97,122,125, 

127,129 
growth in arter ial SITOOth muscle 

cells, 90 
growth in embryonated eggs, 

91-92,166-167 
highly oncogenic strains of, 67 
horizontal spread by, 331,341 
identification of, 168-170 
ilnmunity against, 177-194 
in dried feathers and dust, 84, 

330,341 
inhibition by FMAD, 91 
inhibition by IUdR and BUdR,91 
inhibition by Virazole, 91 
in litter and droppings, 330 
isolation and cultivation of, 

85,163-168 
lack of vertical transmission 

of, 330 
minimally oncogenic strains of, 

67 
ITOderately to mildly oncogenic 

strains of, 67 
rolecular biology of, 113-146 
rorphology and morphogenesis of, 

81-82,168 
non-oncogenic strains of, 67 
non-productive latent infection 

by, 46,93,141 
non-productive neoplastic 

infection by, 46,95,141 
nucleocapsid of, 81 
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Marek's disease virus (continued) 
nucleoid of, 81 
oncogenesis by, 95-97,141-145 
physical and chemical properties 

of, 84-85,168 
polypeptides of, 98,122-125,127, 

129-136 
replication of, 87-97,136-141 
restriction enzyme patterns of DNA 

of, 80,116,118-122 
restrictive production. See 

Marek's disease virus, semi
productive infection by 

semiproductive infection by, 46,93 
serotype 1 of, 78,88,118,166,169, 

330 
serotype 2 of, 78,88,166,169,330 
serum neutralization test for, 

170,181 
spread by darkling beetle, 332,342 
spread of infection, 329 
strains of, 78-80 
transcription of, 137-139,144-145 
transformation by, 95-96 
variant strains of. See Marek's 

disease virus, very~ghly 
oncogenic strains of 

very highly oncogenic strains of, 
17,51,154,204-205,223,228 

very virulent strains of. See 
Marek's disease virus, very 
highly oncogenic strains of 

viral internal antigen, 128-129 
viral membrane antigens, 128-129 
virus-specific enzymes, 125-126 

Maternal antibody. See Passively 
a<XIUired antibody-

MATSA. See Marek's disease turrour
associated surface antigen 

MD. See Marek's disease 
"MO cells". See "Marek's disease 

cells" 
MOV. See Marek's disease virus 
Meat inspection, in different 

countries, 34-36 
Metyrapone, effect of, 70 
MHC. See Major histOCCllTpatibility 

corrplex 
Microgliosis, 59 
Minor histocorrpatibility antigens, 

183 
Mites, litter 332 
Molecular hybridization, of MDV 

genome in nerves, 56 
Monoclonal antibodies, 78,95,100, 

161,169,219 

Monocytes, blood, changes in, 53 
Mosquitoes, 332 
Myelin 

antibodies to, 57 
hypersensitivity to, 57 

Natural killer cells, 66,186,214, 
218,315 

Nerves, peripheral 
A-type lesion, 54 
B-type lesion, 54,80 
C-type lesion, 54 
demyelination in, 53 
gross appearances, 43-45 
lesions in, 43,53 
Schwann cells in, 56 
Waller ian degeneration in, 59 

Neural lyrrphorratosis. See 
Neurolyrrphomatosis 

Neuro-lyrrphorratosis gallinarum, 4 
Neurolyrrphornatosis, relationship 

to other leukotic diseases, 
6-11 

NK cells. See Natural killer 
cells 

Nuclear projections on lyrrphoid 
cells, 56 

Ocular lyrrphorratosis. See 
Iridocyclitis 

Oncogenesis, by MDV, 95-97,141-145 
osteopetrotic lyrrphornatosis, 8 

Passively acquired antibody, 69, 
179,189-190,220,308-309 

Pathogenesis, 46,304-305. See 
also Pathology 

Pathology, 43-70 
anaemia, 53 
astrocytosis, 59 
atherosclerosis, 46,62-63 
A-type nerve lesion, 54 
basophils, 53 
B-cells, as targets, 48,86,96 
B-cells, in blood, 53 
B-cells, in lyrrphornas, 62 
B-type nerve lesion, 54,80 
bursa of Fabricius, 46,48,158 
central nervous system, 59-60 
C-type nerve lesion, 54 
demyelination, 53 
eosinophils, 53 
feather follicles, 51-53 
gross appearances, 43-46,155-158 
haernatology, 53 
heterophils, 53 
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Pathology (a:mtinued) 
inclusion bodies, 48,51 
iridocyclitis, 4,29,46,63 
leukaemia, 53 
lymphoblastoid cell lines, 64 
lymphocytes, 53 
lymphocytoid cell lines, 64 
lymphoid tissues, 48-51 
lymphomas, B-oells in, 62 
lymphomas, cutaneous, 45,52,155 
lymphomas, ITI3.crophages in, 62 
lymphomas, MATSA-bearing cells in, 

62 
lyrrphomas, neural, 53 
lymphomas, T-oells in, 62 
lymphomas, transplantable, 66-67 
lymphomas, visceral, 4,6,45,60 
lymphoproliferation, 211,305 
lymphoreticulitis, acute, 48,190, 

304 
ITI3.crophages, in lymphomas, 62 
"Marek's disease cells", 56 
MATSA-bear ing cells. See Marek's 

disease turrour-associated 
surface antigen 

microgliosis, 59 
rronocytes, 53 
myelin, 57 
nerve lesions, types of, 53-59 
nuclear projections, 56 
perivascular cuffing, 59 
reticuloendothelial proliferation, 

48 
reticulum cell hyperplasia, 48 
Schwann cells, 56 
spleen, 48 
T-cells, as targets, 95,187,314, 

317-318 
T-cells, in blood, 53 
T-oells, in lymphomas, 62 
thymus, 46,48 
viraemia, 51 
Waller ian degeneration, 59 

Perivascular cuffing, 59 
pH, effect on MDV, 84 
Phosphonoacetate as inhibitor of MDV 

replication, 91,125,139 
PhosphonoforITl3.te as inhibitor of MDV 

replication, 91,139 
Plaque inhibition test, 182,213 
Polypeptides of MDV, 98,122-125,129-

136 
Prevalence of MD, 17-22 

in different avian species, 22 
in different countries, 17-18 

under different production 
practices, 18-21 

Pseudomonas aeruginosa, 279 

Qr35 cells, 88,166 

Range paralysis. See Fowl 
paralysis ---

Red jungle fowl, 178,311,329 
Regression of MD, 192,305 
Reovirus, 278 
Resistance. See also Irrmunity 

age, 180,192-19-3-
actively acquired, 179-180,190-

192 
genetic. See Genetic resistance 
innate, 178-179,186-188 
passively acquired, 179,189-190 

Restriction enzyrre patterns of MDV 
DNA, 80,116-122,141-143 

Reticuloendothelial proliferation, 
stage of, 48 

Reticuloendothe1iosis virus, 158, 
224,276,278 

Reticulum cell hyperplasia, 48 
l-D-Ribofuranosyl-l,2,4 triazole-

3-carboxamide (Virazole) as 
inhibitor of MDV replication, 
91 

Rous sarCOITl3., 193,306 

Schwann cells, 56 
Sex, effect of 69,179,188,309 
"Skin leukosis". See Lymphomas, 

cutaneous -
Signs, clinical, 28-29,154-155 
Silica particles, effect on 

immunity, 185 
Soft agar medium, culture of 

lymphOITl3.-derived cell lines, 
64 

Specific-pathogen-free flocks, 
275-276,281-282 

SPF flocks. See Specific-
pathogen-free flocks 

SPGA stabilizer, 84 
Spleen, 48 
Spleen cells, transfer of irrmunity 

by, 218 
Splenectomy, 48 
Spread of MD, 329-338. See also 

Epizootiology 
Stress, effect of, 69-70,223-

224,336 
Subclinical effects, 30-31 
Suppressor cells, 194 
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Suppressor factors, soluble, 194 
SymptoIlS • See Signs, clinical 

T-cells 
as targets for MDV transformation, 

95,187,314,317-318 
in blood, 53 
in lymphomas, 62 

Temperature, effect on MDV, 84,137, 
331 

12-0-Tetradecanoyl phorbol-13-
acetate (TPA) as activator of 
MDV 

Th-1 locus, 294,316,319 
Thymectomy 

effect on MD, 187-188,192,318 
effect on genetic resistance, 316 
effect on vaccination, 211,217 

Thymidine kinase, viral, 
93,99,125-126 

Thymus, 48,318 
atrophy of, 46 

TPA. See 12-0-Tetradecanoyl 
phorbol-13-acetate 

Transient paralysis, 28,60,312 
Transmission experiments, 4,8-10,12 
Transplantable lymphoma, 

66-67,213-214 
effect of interferon on, 185 

Trif1uorothymidine as inhibitor of 
MDV replication, 139 

Turkeys, 66,152,191 
'''I'V.Q-step" rrechanism of imnuni ty , 

191 

UV light, effect on HVT, 84 

Vaccination, 203-236. See also 
Vaccines 

aerosol. See vaccination, spray 
benefits from, 37,235 
cost of, 37,39 
effect of age at challenge on 

efficacy of, 222 
effect of age on, 221 
effect of host genetic strain and 

sex on, 224-225 
effect of infectious bursal 

disease virus on, 223 
effect of maternal antibodies on, 

220-221 
effect of rrethod of 

administration, 225,348 
effect of revaccination on, 

221-222,344 

effect of strain of challenge 
virus on, 222-223 

effect of stress on, 223-224 
effect of vaccine dose, 219-220 
effect on transplantable 

lymphomas, 213 
environmental, 226 
factors affecting efficacy of, 

219 
financial benefits from, 37 
imnune responses to, 212-214 
imnunosuppression in, 212 
rrechanisrns of protection by, 

214-219 
rrediation of imnunity in, 190 
rrethods of vaccine 

administration, 225,345-348 
natural killer cell activity 

after, 214 
needle transmission of avian 

leukosis virus during, 279 
of embryos, 208,211-212,214,221 
of turkeys, 191 
pathologic responses to, 210-212 
persistence of imnunity, 214 
protective antigens in, 218 
spray, 225,267,348 
strategies for, 234-235,344 
vaccine dose, 219 
virologic responses to, 208-210 

Vaccines. See also Herpesvirus of 
turkeys;-Vaccination 

additives to, 225-226,346 
attenuated mildly virulent 

serotype 1,205 
attenuated very virulent 

serotype 1,205 
attenuated virulent serotype 1, 

204-205 
bivalent, 27,206 
cell-associated, 204,257-260,346 
cell-free, 206,260-263,345-346 
contamination of, 224,275-280 
development of, 12 
di1uents for, 263-264,345-347 
dose of, 219-220 
efficacy of, 219-226,229-234, 

269-274 
failures, investigation of, 

17,226-229 
faulty, 154,267-280 
freezing mixture for, 257-258 
harvesting, filling and 

preservation of cell
associated vaccine, 257-260 
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Vaccines (continued) 
harvesting, filling and 

preservation of lyophilized 
cell-free virus, 260-263 

improper adrrUnistration of, 154 
non-infectious, 207-208 
polyvalent, 206-207,234 
production methods for, 251-264 
purity of, 274-280 
quality control of, 267-287 
recommended tests during 

production of, 280-287 
reconstitution of, 225,344,348 
safety of, 267-269 
serotype 2, 205-206 
serotype 3 (HVT), 206. See also 

Herpesvirus of turkeys--- ---
stability of, 274 
standardization of, 267-287 
standard preparations of, 280 
substrates for, 251-255,275 
subunit, 207 
types of, 180,204-208 
virus content assay for, 272 

Vaccine viruses 
growth in cell cultures of, 

256-257 
lack of embryo transmission of, 

210 
protective synergism of, 216 
shedding of, 209-210 

variant strains of MDV. See Marek I s 
disease virus, very highly 
oncogenic strains of 

VIA. See Viral internal antigens 
vidarabine as inhibitor of MDV 

replication, 139 
Viraemia, cell-associated, 51,163-

164,189,208-209,215,227,273,287, 
296,304 

Viral internal antigens, 98,128-129, 
181 

Viral membrane antigen, 99,128-129, 
181 

Virazo1e. See 1-D-Ribofuranosy1-1, 
2,4, triazo1e 3-carboxamide 

visceral lymphomatosis, use of term, 
6-12 

VMA.. See Viral membrane antigen 

Waller ian degeneration, 59 
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