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ABSTRACT
AVIAN ONCOGENIC VIRUSES IN CHICKENS AND TURKEYS:
PATHOGENESIS AND IMMUNOSUPPRESSION
By

Abdel Rahman Khogali Elmubarak

The virologic, immunologic and pathologic effects of the
Georgia (GA) isolate of Marek's disease virus (MDV), an FCl26 isolate
of turkey herpesvirus (HVT) and a Rouse-associated virus-1 (RAV-1)
strain of a lymphoid leukosis virus (LLV) were studied in chickens
and turkeys.

A total of 436 chickens and 404 turkeys were used in four
comparative trials. Each of the two species was divided into inocu-
lated and uninoculated groups. Animals were inoculated with viruses
at 1 day of age.

Chickens and turkeys had tumors and died due to MDV infection.
Tumors in turkeys occurred most frequently in the liver, followed by
spleen and nerves. In chickens, tumors occurred most frequently in
nerves followed by liver and gonad. Both species had significant
weight loss. Virus concentrations in blood were higher in chickens
than in turkeys. Virus titers rose gradually and peaked at week 5 in

turkeys, while in chickens the peak was seen in the fourth week.
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Marek's disease virus depressed the relative weights of bursa
and thymus and increased the relative spleen weight in chickens and
turkeys. The effect was more pronounced in chickens than in turkeys.

The cellular immune response was depressed in chickens during
tumor formation. The impairment of this response in infected turkeys
was detected at week 4. The humoral response was suppressed in both
but was preceded by a transient enhancement in turkeys.

The HVT vaccination in chickens resulted in a high degree of
protection against challenge with MDV, while similar vaccination was
ineffective in preventing MD in turkeys. Most HVT-vaccinated and
MDV-challenged chickens weré not viremic for MDV, and the titers were
very low in those that remained viremic at week 5. In the vaccinated
turkeys, but not the unvaccinated, MDV viremia disappeared by week 5.

Neoplastic transformation of bursal cells was detected at week
14 after infection in chickens and turkeys infected with RAV-1.
Lymphoid and lymphoreticular proliferation and infiltration were
detected in many organs in RAV-1l infected chickens and turkeys early
after infection and before bursal transformation occurred. These
lesions were more frequent in the turkeys than in the chickens. Gross
tumors in the bursa and visceral organs occurred in chickens but were
not detected in turkeys. Rous-associated virus-1 was isolated from
infected chickens at weeks 2 and 10 after infection and from turkeys
at week 2 only. Bursal weights were significantly increased in
infected chickens due to tumorous involvement. Spleens were signifi-
cantly enlarged in chickens but were decreased in turkeys. The
humoral immune responses were significantly decreased before bursal

transformation in chickens. Humoral responses in turkeys were not
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affected. During late stages of infection, antibody response in
chickens was significantly elevated. Mitogenic response of whole
blood lymphocytes was not significantly affected in chickens but was
depressed in turkeys.

Chickens and turkeys infected with HVT had mild microscopic
lymphoproliferative lesions in many organs. Although these lesions
were clearly detectable and had neoplastic components in chickens,
they were minimal and lacked detectable neoplastic components histo-
logically in turkeys.

Chickens and turkeys were viremic, but the turkeys had a higher
viral titer at peak levels. A significant suppression of body weight
during early stages of infection occurred in turkeys but not in
chickens. Bursal and splenic weights were significantly increased
in chickens and turkeys. Turkey herpesvirus was more lytic for bursal
cells in turkeys than in chickens. Thymhs to body weight ratios
increased more in chickens than in turkeys. Humoral response was
significantly reduced by HVT infection in chickens but not in turkeys.
Mitogenic response of whole blood lymphocytes was depressed in turkeys

but was not significantly affected in chickens.
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INTRODUCTION

Three groups of oncogenic viruses induce neoplasms in poultry.
The first group contains Marek's disease virus (MDV), the cause of
the most important neoplastic disease of chickens. This group also
includes turkey herpesvirus (HVT), which is largely apathogenic for
chickens, although chickens infected with HVT develop Marek's
disease (MD) tumor associated surface antigen (MATSA) positive cells
and immune responses directed against MD lymphoma cells. The second
group is the leukosis/sarcoma group, which causes lymphoid leukosis
and other related neoplasms. The third group causes tumors composed
of reticuloendothelial (RE) cells. The work reported here deals
mainly with MDV, HVT and lymphoid leukosis virus (LLV).

Marek's disease is a lymphoproliferative neoplastic disease of
chickens which until recently caused devastating losses in commercial
flocks throughout the world. It is a viral disease caused by a group
B herpesvirus and is characterized by infiltration and prolifera-
tion of lymphoid cells in the peripheral nerves, visceral organs,
skin and iris. The infection produces a suppressive effect on the
humoral as well as the cellular immune functions of the host.

Although MDV has been studied extensively in chickens, the
response of turkeys to this virus is not well understood. Studies
directly comparing the early pathogenesis and tumor production by

the virus in chickens and turkeys have not been reported.
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Herpesvirus of turkeys (HVT) is a cell-associated nonpathogenic
herpesvirus that occurs naturally in turkey flocks and has a close
antigenic relationship with MDV. It is used worldwide as a vaccine
to protect chickens against the development of MD tumors. 1In
chickens, HVT was shown to cause mild microscopic lymphoproliferative
lesions in the nerves and gonads. These cellular components appeared
to have morphologic properties of neoplastic cells. Recently,

MASTA was demonstrated in HVT-vaccinated chickens. Almost all

turkeys reared under natural conditions become infected with HVT

at an early age and harbor this virus probably for life. It is not
known if HVT also initiates neoplastic transformation in the turkey
and if immune surveillance plays a role in the host-virus relationship.

Lymphoid leukosis (LL) is a neoplastic disease of chickens
originating in the follicles of the bursa of Fabricius and metasta-
sizing to other organs such as the liver, spleen, kidneys, and gonads.
It is caused by ribonucleic acid (RNA) viruses of the leukosis/sarcoma
group.

Lymphoid leukosis viruses (LLV) have not been studied in turkeys.
Information on lesion induction, immunosuppression and viremic
responses would be of comparative interest. Particular emphasis was
on whether LLV suppressed T-cell or B-cell immune responsiveness, on
the pattern of early viremic responses, and early lesion induction in

turkeys.

The interest in this research was stimulated by the increasing
importance of avian tumor viruses in cancer research, the recent
rapid increase in lymphoproliferative neoplastic diseases in turkeys
with mortality exceeding 20% in some flocks, and the increase in

condemnation in the processing plants due to "turkey leukosis.”
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The cause of these diseases has not been established, and it is not
known if any of the oncogenic viruses in chickens are involved in
epizootics in turkeys.

The principal objectives of this study were (a) to compare
viremic responses and early lesions in chickens and turkeys caused
by selected oncogenic viruses (HVT, MDV and LLV), (b) to compare
immunosuppression of T and B cell systems in chickens and turkeys
caused by these viruses, and (c) to determine if turkeys offer any
unique advantage in studies on oncogenic virology, immunology or

immunosuppression.



LITERATURE REVIEW

Introduction

Avian oncogenic viruses cause a variety of neoplastic diseases.
Some have considerable economic importance to the poultry industry.
"Others have served as highly suitable models for studying the various
forms of neoplasia; indeed, medical research has found avian oncology
an abundant resource" (Calnek, 1978). Many types of tumors are found,
but the lymphoproliferative neoplasms are by far the most prevalent
of this group of diseases, and these make up the majority of what
was known as the avian leukosis complex. Olson and Bullis (1942)
found that the leukotic diseases accounted for 66% of the neoplasms
found in chickens. Two years earlier, Gross (1940) reported that
19.5% of deaths in chickens were caused by neoplasms and that, of
the neoplasms, leukosis comprised 90%. In 1941 Hutt et al. reported
an even higher percentage and stated that approximately 95% of
these deaths were attributed to neoplasms caused by lymphomatosis of
one kind or another.

The incidence of leukosis in young chickens (most of which is
now considered to be Marek's disease) increased dramatically during
the ten-year period beginning in 1961 and was only reversed because
of the wide application of MD vaccine. In the late 1960s, annual
losses in the United States and Britain, for instance, were about

$200 and $40 million, respectively (Payne et al., 1976; Calnek, 1978).
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The term leukosis, which was proposed by Ellerman and Bang in 1908,
has largely replaced the term "leukemia", which was used for the first
time by Virchow in 1845. The reason is that this common avian neo-
plastic disease manifests itself as an extravascular infiltration of
malignant blood cell precursors in the visceral organs, which causes
enlargement and death from functional interference (Campbell, 1969).

There was considerable confusion in classification and nomen-
clature of the known transmissible neoplasms, because many virus
strains appear to have multipotent characteristics and certain of
these viruses induce some lesions indistinguishable from those
induced by another unrelated virus. Calnek (1978) stated that the
problem is compounded because most flocks and many birds (including
those for experimental purposes) are infected with more than one
agent and it is virtually impossible to examine one virus strain
without observing the effects of a second, unrelated tumor virus.
Because of these factors, an abundant supply of synonyms evolved.
This problem was resolved by a committee (Jungherr, 1941) of
cooperators of the Regional Poultry Research Laboratory, East
Lansing, Michigan. They proposed two categories based on pathology
rather than etiology: avian leukosis complex (ALC) and other
neoplasms. The ALC was divided into lymphomatosis (visceral,
neural, ocular or osteopetrotic) and leukosis (erythroblastic or
granuloblastic). The various forms were understood to occur in
subleukemic or leukemic varieties. Other tumors included myelo-
cytomas and sarcomas.

Later, as more information was accumulated, there was a need
to separate avian leukosis complex into fowl paralysis and other

forms of leukosis. The first Conference of the World Veterinary
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Poultry Association (Biggs, 1964) recommended, largely due to
discussions by Campbell (1961) and Biggs (1961), that leukosis in
its three forms (lymphoid, myeloid and erythroid) should be a
separate entity from Marek's disease. It was also agreed that the
sarcomas, endotheliomas, and the viral sarcomas were related to
leukosis.

Today, the terminology most commonly employed is based on that
originally adopted by the World Veterinary Poultry Association,
with some modifications, i.e., categorization of diseases or disease
complexes by agent-type instead of by pathologic manifestation and
subdivision within agent-type diseases as determined by the patho-
logic expression (Calnek, 1978). The leukosis-sarcoma group includes
lymphoid leukosis, erythroblastosis, myeloblastosis, myelocytomatosis
and several other etiologically related conditions, such as sarcoma,
nephroblastoma, endothelioma and osteopetrosis. Tumors of these
conditions are caused by ribonucleic acid (RNA)-containing viruses.

Reticuloendotheliosis (RE) is caused by RNA-containing viruses
unrelated to those of the leukosis-sarcoma group. The RE viruses
cause lymphoid neoplasms in turkeys and other conditions in ducks
and chickens (Purchase and Witter, 1975). Marek's disease is caused
by a deoxyribonucleic acid (DNA) virus (group B cell-associated)
that affects the nerves ("classical form") or viscera and nerves

("acute form") (Payne et al., 1976).

Marek's Disease

Marek's disease (MD) is a lymphoproliferative neoplastic condi-
tion affecting the peripheral nerves and visceral organs. It was

first described by Marek in 1907 (cited by Calnek and Witter, 1978)
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who, thinking it to be an inflammatory disease, called it "poly-
neuritis.” More recent studies (Payne and Biggs, 1967) indicated
that MD was characterized by a neoplastic-like proliferation of

lymphoid cells in the nerves and other organs.

Marek's Disease Virus (MDV)

Although the viral origin of MD was suspected for a long time,
it was not until 1967 that Churchill and Biggs (1967) in England
and Solomon et al. (1968) and Nazerian et al. (1968) in the United
States independently isolated a herpesvirus in cell cultures from
diseased chickens. They presented good circumstantial evidence that
the virus was the cause of the disease. The proof that a herpes-
virus is the cause of MD was due to the discovery that feather
follicles are the site of maturation of the virus (Calnek et al.,
1970a; Nazerian and Witter, 1970; Purchase, 1970). The first
attenuated vaccine against the disease was developed by Churchill
et al. (1969a,b). Shortly thereafter Okazaki et al. (1970) dis-
covered that a closely related herpesvirus of turkeys (HVT) was also
effective in preventing MD. Marek's disease virus is serologically
distinct from other avian herpesviruses such as laryngotracheitis
virus (Okazaki et al., 1970; Purchase et al., 1971la, 1972).

Marek's disease virus belongs to the cytomegalovirus or group
B cell-associated herpesviruses. Enveloped virions from the feather
follicles are 200 to 400 nm in diameter. Most infected culture
cells contain filled or empty nucleocapsids of this herpesvirus
which measure 85 to 100 nm. Besides DNA, virions contain lipids
and at least 8 proteins, including probably 2 glycoproteins. Very

infrequently virions measuring 130 to 170 nm may be observed budding
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from the inner nuclear or cytoplasmic vesicles. All infectivity
of blood cells and tumor cells, and over 99% of the infectivity of
cells in tissue cultures, is destroyed by treatments which remove
viable cells from the inoculum, i.e., freezing and thawing, sonifi-
cation, lyophilization, high-speed centrifugation and filtration.
Tissue culture supernatants are devoid of infectivity.

Infection with MDV may result in two distinct virus-cell
interactions. The first causes a "productive" infection of the cell
in which virus DNA, virus induced enzymes and antigens are produced
and results in fully infectious virus as occurs in feather follicle
epithelium. Infection of cells may result in production of virus
antigens and noninfectious virions are produced as in other epi-
thelial cells in the chicken and in cultured cells. 1In infectious and
noninfectious virus production, infection results in cell death.

The second type of cell-virus interaction is encountered in the
lymphoid cell system. The virus is present in multiple copies and
is not usually expressed as viral antigens or virions but causes
extensive proliferation and tumor formation (Nazerian et al., 1976).

Several different strains of MDV have been isolated. Virulent
isolates include JM (Sevoian et al., 1962), HPRS-16 (Biggs et al.,
1965), GA (Eidson and Schmittle, 1968), and Cal-1 (Bankowski et al.,
1969). The nonpathogenic or mildly virulent isolates include
HPRS-Bl14 (Biggs and Payne, 1963), Conn-A (Chomiak et al., 1967),
and HPRS-27 (Biggs and Milne, 1972).

The virus for in vitro studies is readily obtained from whole
blood, buffy coat or tumor cells from infected chickens. The
proximal tips of feather shafts or homogenized skin from feather

tracts of infected chickens provide cell-free virus (Calnek et al.,
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1970a; Purchase, 1970). For initial isolation, chicken kidney
cells, duck embryo fibroblasts and cells from many other avian
species are suitable (Purchase et al., 1971a; Sharma, 1971).
Infected cell cultures develop discrete focal lesions of rounded,
refractile, degenerating cells.

Continuous passage of MDV in tissue culture results in loss
of oncogenicity and ability to spread from chicken to chicken. The
virus also loses its "A" antigen but protects chickens against the
disease; however, prolonged passage (over 100 times) renders it
incapable of protection (Churchill et al., 1969a; Purchase et al.,
1971a; Okazaki and Purchase, unpublished data).

The role of avian leukosis viruses in MD has been investigated
by many workers. Frankel et al. (1974) reported a higher incidence
of tumors in chickens infected with MDV and Rous-associated virus-2
(RAV-2) than in those infected with MDV alone. Another study by
Peters et al. (1973) using a DNA probe from RNA of RAV-2 reported
a higher level of RAV-2 specific RNA in dually infected chickens
than in chickens infected with MDV alone. However, these studies
could not be confirmed by other investigators. Witter et al.
(1975a) produced typical MD lesions in chickens inoculated with a
known avian leukosis-free stock of MDV. Chickens used in this study
were free of the expression of endogenous avian virus (RAV-0).
Witter's findings were later confirmed by Calnek and Payne (1976),

thus indicating that MDV alone is capable of disease production.

Pathology and Pathogenesis

Chickens are the most important natural host of MDV. The virus

was isolated from normal turkeys (Witter et al., 1974) and from a
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quail with ocular lesions (Kenzy and Cho, 1969). Lesions suggestive
of MD have been observed in a variety of avian species, including
pigeons, ducks, geese, canaries, budgerigars, swans, Ceylon jungle
fowl, red jungle fowl, Japanese quail and great horned owls. The
disease has been artificially induced in turkeys and pheasants.
Ducks and Japanese quail were infected but did not develop the
disease. Sparrows and various mammalian species were refractory
to infection (Calnek and Witter, 1978).

Although ovarian transmission of MDV has been described
(Sevoian, 1968), considerable evidence has accumulated against it
(Witter and Solomon, 1971). For example, chickens reared in isola-
tion have no evidence of MDV infection (Drury et al., 1969; Grunder
et al., 1975).

Natural environment may be contaminated by saliva, feces and
dander from infected chickens. The virus in the chicken house
environment in infected litter may remain infectious for over 16
weeks at room temperature (Purchase, 1974). The virus spreads
readily over long distances and infection of new hosts is thought
to occur primarily by inhaled aerosols of infectious dander. Nearly
all flocks of chickens are infected by the time they reach sexual
maturity (Seigmund et al., 1973).

Although most chickens become infected with MDV, the percentage
of chickens with signs of MD is quite variable (Chubb and Churchill,
1968; Witter et al., 1970a). Fifty percent of chickens in an acute
outbreak may die between 10 and 20 weeks with multiple visceral
tumors, while in the classic disease less than 1% may be affected

at any one time (Purchase and Biggs, 1967).
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The incubation period of MD depends on the virus strain, dosage
and route of infection, age, genetic strain, and sex of the host
(Calnek, 1978). Chickens infected at 1 day of age start to excrete
the virus at about the second week after inoculation (Kenzy and Biggs,
1967). Maximum shedding occurs between the third and fifth weeks
(Witter, 1972b). Lymphoid tissue degeneration occurs within 6 to 8
days and mononuclear infiltration of other organs about 2 weeks after
infection (Payne and Rennie, 1973). Using high dosage of the virus
and susceptible chickens, microscopic lesions can be induced in
less than 2 weeks and clinical signs, gross lesions and mortality
may occur by 3 weeks (Payne and Biggs, 1967). The incubation period
and virus excretion in contact infection are about equal to the
time required for virus to be excreted from inoculated birds (Biggs
and Payne, 1967). Under natural conditions, mortality usually
starts between 8 and 16 weeks (Witter et al., 1970a). "The induc-
tion of tumors within 10 to 14 days after inoculation of cellular
material is suggestive of a transplantation response" (Calnek, 1978).

In the field, the clinical signs are seen most commonly in
12~ to 24-week-old birds and exceptionally as late as 18 months or
as early as 3 weeks. The classical signs are lameness or paralysis
of the legs, wings, neck, eyelids or other parts of the body and
occasionally dyspnea, crop dilatation, muscular atrophy, diarrhea,
loss of weight and maybe anemia. Blindness may result from involve-
ment of the iris. Young birds affected by the acute form may show
signs of anorexia and depression for 1 or 2 days with early and high
mortality (Biggs and Payne, 1967; Darcel, 1973). A temporary
paralysis syndrome for 1 to 2 days followed in only a few weeks

by recovery was described by Kenzy et al. (1973).
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Nerve lesions are the most conspicuous feature of MD. Affected
nerves are enlarged, grayish white and have no striations. In 99% of
MD cases, nerve lesions may be found in celiac, cranial, mesenteric,
brachial and sciatic plexuses, the nerve of Remak or the greater
splanchnic nerve. Of these, the celiac plexus is most often
involved (Goodchild, 1969). Changes in the brain and spinal cord
are minimal, the neural form of the disease being essentially a
disease of the peripheral nerves (Wight, 1962). Visceral organs,
particularly the gonads, liver, lungs, heart, muscle and skin, may
have diffuse or focal grayish-white lymphoid tumors. The thymus
and bursa of Fabricius are usually atrophic when affected. A
diagnostic feature in MD is the diffuse involvement of the bursa
as opposed to the nodular tumor characteristic of lymphoid leukosis
(Eidson and Schmittle, 1968; Payne and Biggs, 1967; Purchase and
Biggs, 1967).

Early lesions in peripheral nerves are typified by an inflam-
matory change with edema and infiltration of lymphocytes, plasma
cells, macrophages, heterophils and monocytes. Sometimes there is
demyelination and Schwann cell proliferation. These lesions were
classified as type B and a milder version as type C (Payne and
Biggs, 1967) or types 1 and 1I, respectively (Wight, 1962). Type
III (Wight, 1962) or A type (Payne and Biggs, 1967) are considered
neoplastic with a predominance of large lymphocytes mixed with
pleomorphic lymphoid cells and other nerve changes as in the inflam-
matory type. Nerve lesions may also contain large cells with very
basophilic,'pyroninophilic and vacuolated cytoplasm and a nucleus
with little or no detail (Payne and Biggs, 1967). These are

referred to as "Marek's disease cells" and are thought to be
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degenerating blast-type cells, a conclusion consistent with
electron microscopic observations in which MD cells were found
with intranuclear herpesvirus particles (Ubertini and Calnek, 1970).
In the central nervous system, the lesion when present is a non-
purulent encephalomyelitis with perivascular cuffing with lympho-
cytes and focal gliosis. 1In the eye, the most consistent change
is a mononuclear infiltration of the iris. The eye muscle may be
involved. Ocular lesions have been reproduced experimentally
(Sevoian and Chamberlain, 1963; Smith et al., 1974).

Visceral lesions are more uniformly proliferative and similar
to type A nerve lesions, consisting of lymphoid cells, MD cells and
activated and primitive reticulum cells (Payne and Biggs, 1967).
Plasma cells are rare (Purchase and Biggs, 1967). Electron micro-
scopic observation showed one cell type, an immature undifferentiated
pleomorphic lymphocyte, as opposed to neural lesions which had a
mixture of cell types (Doak et al., 1973; Frazier, 1974). Skin
lesions are mainly inflammatory but may also be lymphomatous and
are usually around feather follicles, arising as perivascular
lymphoid aggregates. There is a disturbance in maturation of the
keratinizing epithelium lining the follicles, which undergoes
cloudy swelling and hydropic degeneration (Nazerian and Witter,
1970; Lapen et al., 1970, 1971; Purchase, 1970).

An acute cytolytic infection occurs in lymphoid tissues,
particularly in the bursa, thymus and spleen, which subsides in a
2-week period of time. Infection also provokes acute inflammation
with granulocytic invasion and increased reticulum cells and macro-

phages. These are accompanied by regressive changes in the bursa
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and thymus with weight loss. In the spleen there is lymphoid hyper-
plasia and an increase in weight (Payne et al., 1976).

There may be an increase of lymphocytes in the blood with the
majority being T cells (Evans and Patterson, 1971). The bone marrow
lesions include multiple tumor nodules (Sevoian and Chamberlain,
1964) or aplasia (Jakowski et al., 1970). 1In one study, bone marrow
was normal (Purchase and Biggs, 1967).

About 75% of the cells in the lymphomatous lesions are T cells
and most of the others are B cells. Focal proliferation of vascular
adventitial cells is also involved (Kardevan et al., 1973; Payne
et al., 1974; Sevoian and Chamberlain, 1964). Many lymphoma cells
are nonproductively infected. They contain viral DNA and no viral
antigens or virions but are infective (Nazerian et al., 1973). A
tumor-specific antigen has been detected on a minor proportion of
lymphoma cells and on all cells of lines developed from MD lymphomas.
The cell lines are lymphoblastoid, of T-cell origin, and these cell
lines carry the MDV genome. The B cells and some of the T cells
present in lymphomas are believed to be immunologically reactive

(Payne et al., 1976; Powell et al., 1974; Witter et al., 1975b).

Immunity and Immunosuppression

Hens infected with MDV transfer maternal antibody to chicks
via the yolk sac (Chubb and Churchill, 1969), although the virus
itself is not egg transmitted (Solomon et al., 1970). Antibody-
bearing chicks are more resistant to development of MD lesions and
mortality is lower. The onset of mortality is delayed and the
latent period to death is increased. Tumor formation is reduced and

acute destructive lesions in lymphoid and hemopoietic tissues are
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suppressed (Calnek, 1972b; Payne and Rennie, 1973). Passive anti-
body prevents bursal atrophy and lengthens the latent period for
antigen and cell-free virus production in the feather follicle epi-
thelium (Burgoyne and Witter, 1973). However, humoral immune
response is not required for resistance to MD tumor development,
since bursectomized birds may survive infection (Sharma and Witter,
1975). This does not diminish the importance of early presence of
antibody in suppressing destructive infection of immunologic organs
required for subsequent resistance.

Virus-specific antibodies develop 1 to 3 weeks after infection
of chickens with MDV and can be detected by immunodiffusion (Chubb
and Churchill, 1968), immunofluorescence (Purchase, 1969), virus
neutralization (Calnek, 1972a; Sharma and Stone, 1972), indirect
hemagglutination (Eidson and Schmittle, 1969) and complement-
fixation (Marquardt and Newman, 1972). Infected birds possess
persistent but fluctuating levels of antibodies. Antibody concen-
tration was higher in birds that survived clinical MD lymphoma
than in those that died early during the course of the disease
(Witter et al., 1971; Calnek, 1972a; Purchase and Burgoyne, 1970;
Sharma and Stone, 1972; Payne and Rennie, 1973). Precipitating,
virus neutralizing, hemagglutinating and complement-fixing anti-
bodies have been monitored during the course of the disease.
Concentration of virus neutralizing antibodies was found to
correlate with survival in genetically resistant birds (Calnek,
1972; Sharma and Stone, 1972). High antibody concentration may not
have been directly related to survival, since survival may have
resulted from sparing of the bursal-dependent system in resistant

birds (Smith and Calnek, 1973; Higgins and Calnek, 1975a,b).



16

Cell-mediated immunity in MD was reported by Fauser et al.
(1973) and Byerly and Dawe (1972). Payne (1972) and Payne and Rennie
(1973) postulated that resistance may be related to the thymus-dependent
system because there was an increased incidence of lymphomas in
thymectomized birds. Later Sharma et al. (1975) found that "age
resistance" was severely compromised due to thymectomy. On the
other hand, deficiency in the humoral response did not seem to
influence age resistance (Sharma and Witter, 1975). Recently Sharma
and Coulson (1977) and Powell et al. (1977) detected specific cyto-
toxicity of lymphocytes from MDV-infected chickens against cells
of the MSB-1 lymphoblastoid cell line. This reactivity is probably
directed against the tumor-associated antigen. Ross (1977), using
the plaque inhibition test, showed that antibody to viral antigens
may act as a target for sensitized lymphocytes and thus may have
a role in cellular-mediated immunity to MD.

Several lines of chickens with genetic resistance were defined
(Cole, 1968; Stone, 1975). Two mechanisms were used in the selec-
tion for resistance: (1) progeny testing and selecting chickens
whose progeny were most refractory to MD inoculation, and (2) selec-
tion relying on the close relationship between resistance and
certain alleles, especially B21 of the B blood group locus (Hansen
et al., 1967). Other factors may also be involved. For example,
line 6 and line 7 chickens of the RPRL are both homozygous at the
B locus for another allele (B2), but they differ markedly in MD
susceptibility (Crittenden et al., 1972). Unlike resistance to RNA
tumor viruses of avian leukosis, genetic resistance to MDV is not

expressed at the cellular level (Spencer, 1969; Sharma and Purchase,
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1974). Genetic resistance was fully expressed in agammaglobulinemic
chickens (Sharma, 1974).

Marek's disease lymphoma can be induced by neonatal infection
of maternal antibody-free chicks of a resistant strain, but not in
older birds, suggesting that genetic resistance may be related to
age resistance (Calnek, 1973; Sevoian and Chamberlain, 1963; Biggs
and Payne, 1967; Witter et al., 1973). Genetic resistance and age
resistance are associated with lower virus titers in blood and higher
concentration of virus neutralizing antibodies that occur in young
birds of the same strain. Age resistance differed from genetic
resistance because there is lesion development and regression in
the former but not in the latter (Sharma and Witter, 1975; Sharma
et al., 1973a, 1975).

The immunosuppressive effects of MDV infection are well docu-
mented and reviewed by Payne et al. (1976) and Sharma (1979). The
degenerative and proliferative changes in the bursa of Fabricius,
thymus and spleen caused by MDV infection may be assgciated with
impairment of the immune responses. Humoral and cellular responses
to antigenic challenge were found to be deficient in infected
chickens. The most consistent observation in the humoral system
has been a depression of antibody response. This was observed for
both primary and secondary responses to bovine serum albumin
(Purchase et al., 1968) and for the primary response to Salmonella
typhi and Brucella abortus antigens (Payne, 1970). A reduced
response has also been noted to sheep erythrocytes (SE), Salmonella
pullorum and Mycoplasma synoviae antigens (Burg et al., 1971;
Jakowski et al., 1973; Evans and Patterson, 1971; Kleven et al.,

1972). The degree of immunosuppression may be associated with the
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severity of the disease. Jakowski et al. (1973) reported that
reduced antibody to SE in infected chickens was associated with
reduced anti-SE IgG but not to reduced IgM levels. Humoral response
impairment was found before and during overt MD and the severity
of impairment correlated with the depletion of bursa-dependent
follicles from the spleen rather than from thymic or bursal damage
(Evans et al., 1971). The immunological responsiveness was related
to gammaglobulin levels. Infected birds that were able to mount
an antibody response to S. pullorum antigen were hypergammaglobulin-
emic, as compared with uninfected controls, whereas unresponsive
birds were hypogammaglobulinemic. However, the high concentration
of IgG in responsive birds was not specific against the S. pullorum
antigen, which in these birds stimulated an IgM response. Two
studies indicated that in MD-affected chickens the antibody response
to certain antigens was not depressed (Box et al., 1971; Kermani-
Arab and Davis, 1976).

Cell-mediated immune response is also depressed during acute
MDV infection. This has been demonstrated in vivo as well as in
vitro. Marek's disease virus infection resulted in delayed skin
graft rejection and a depression of delayed type hypersensitivity
to tuberculin in sensitized chickens (Payne and Rennie, 1973;
Purchase et al., 1968). The graft-versus-host reactivity of blood
cells was found to be either normal or increased. Purchase et al.
(1968) reported an enhanced response, while Payne (1970) showed the
response to remain unaffected. Biggs et al. (1968) observed that
MDV infection may increase susceptibility to certain protozoan
parasites, thus substantiating the reported cell-mediated immunity

depression in in vivo studies.
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The activity of lymphocytes from infected chickens has been
examined by in vitro mitogen stimulation. Many sequential studies
were done using the mitogen phytohemagglutinin (PHA), which spe-
cifically stimulated T-cells to proliferate and undergo blasto-
genesis (Greaves et al., 1968). A depression in the mitogenic
response is considered a sign of decreased immunoresponsiveness.
Spleen cells from infected chickens bearing gross tumors showed a
reduced response to PHA in vitro as compared with cells from
controls and from nontumor-bearing infected chickens (Burg et al.,
1971). This hyporeactivity to PHA reported by Burg et al. (1971)
was confirmed in subsequent reports (Lee et al., 1978b; Lu and
Lapen, 1974; Schat et al., 1978). Also, MD lymphoma cells were
shown to be unresponsive to PHA (Alm et al., 1972) in spite of the
presence of immunologically uncommitted bursa and thymus dependent
lymphoid cells in the lymphoma (Payne and Roszkowski, 1972). Lu
and Lapen (1974) and Theis et al. (1975) demonstrated a correlation
between mitogenic depression and the presence of gross lymphoma.
Marek's disease virus-infected chickens without detectable tumors
at the time of the test had much less depression of mitogen
response., Depressed responsiveness to PHA appears to be influenced
by many factors, including severity of the disease, presence of
gross tumors, time period after infection, prior vaccination with
HVT, and genetic makeup of chickens. Splenomegaly and reduction
in mitogen response were found to be associated so that the depres-
sion was probably due to the invasion of the spleen by nonreacting
lymphoid cells. The response of spleen cells to concanavalin A
(Con A) was found to be impaired less than to PHA and pokeweed

mitogen (Lu and Lapen, 1974).
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Kinetic studies showed that chickens infected with MDV or HVT
had an initial transient drop in mitogenic response within 1 week
after infection in resistant as well as in susceptible chickens.
A few days later there was a detectable recovery in mitogenic
response which was again depressed in chickens that developed
severe clinical disease. There was no depression in chickens that
survived infection, and in some there was even enhanced response
(Benda et al., 1978; Lee et al., 1978b; Schat et al., 1978).
Studies showed that spleen cells from infected birds were not
only hyporesponsive to mitogen stimulation but also transferred
this hyporesponsiveness to normal spleen cells (Lee et al., 1978c;
Theis, 1977). These studies showed that in cell mixture experi-
ments the PHA response of normal spleen cells could be inhibited
by splenic cells from chickens with MD in the absence of direct
contact between the two types of cell populations, because the
inhibitory effect could be transferred by the supernatant of these
spleen cells. Lee et al. (1978c) attributed the inhibitory effect
of the splenic cells to the presence of suppressor macrophages,
while Theis (1977) did not find any evidence for macrophage

involvement.

Vaccination

Marek's disease can be prevented by vaccination. Immunity in
MD could be directed against viral-associated or tumor-associated
antigens (Kaaden and Dietzschold, 1975; Lesnik and Ross, 1975;
Powell, 1975). Resistance to tumor formation may be induced by
exposing chickens to HVT (Okazaki et al., 1970; Purchase et al.,

1972), to attenuated MDV (Churchill et al., 1969b; Biggs et al.,
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1970, 1972), and to nonpathogenic MDV (Rispens et al., 1972a,b).
In all types of resistance, chickens become infected with MDV but
have less viral antigen than do susceptible birds. The lesions
that develop are either very mild or are overcome by a resistant
host (Sharma and Stone, 1972; Sharma, 1973; Sharma et al., 1973a).

The successful use of material free of DNA and RNA (Kaaden
and Dietzschold, 1975) eliminates interference phenomena and
vaccinal virus blocking of host cell-virus interaction. Humoral
response does not seem to be of major importance in vaccinal pro-
tection,vsince chickens rendered agammaglobulinemic by surgical
bursectomy and x-irradiation were protected by vaccination (Else,
1974) . Chemical bursectomy with cyclophosphamide was found to
negate vaccinal immunity (Purchase and Sharma, 1974), but cyclo-
phosphamide causes a temporary depletion of thymocytes (Linna et
al., 1972; sharma and Lee, 1977), and thus thymic suppression may
have produced a state of tolerance to the vaccine virus. These
experiments point out the immunologic mechanism as a basis for
vaccinal protection and cell-mediated response to be of principal

importance in this regard.

Turkey Herpesvirus (HVT)

HVT in Turkeys

A syncytial type of cytopathic effect and the development of
intranuclear inclusions were observed in kidney cell cultures pre-
pared from apparently healthy turkeys. The virus isolated from
these cultures was designated WTHV-1l (Wisconsin turkey herpesvirus)
(Kawamura et al., 1969). 1In the same year Witter et al. investigated

the prevalence of MDV in 3 turkey flocks in Indiana and Georgia.
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They isolated a virus apparently identical to WIHV-1l, showed that it
was antigenically related to MDV, and gave it the acronym HVT (Witter
et al., 1970b). Deshmukh et al. (Paul et al., 1972), in 1970, isolated
HVT from Mycoplasma-free turkey flocks and from flocks with leukosis.
All of these isolates appeared to be similar in their production of
plaques in chick kidney and chick embryo fibroblast cultures and
their lack of pathogenicity. The HVT plaques are distinguishable
from those produced by the attenuated high passage and the virulent
low passage strains of MDV. In addition, antibody to HVT could be
distinguished from antibody to MDV by an immunofluorescence antibody
test.

Turkey herpesvirus is ubiquitous and infects turkeys at a young
age. The turkey is the only known natural host. Infected turkeys
develop a persistent viremia and the virus can be readily isolated
in vitro (Nazerian et al., 1976). Turkey herpesvirus is nononcogenic
for avian (Witter and Solomon, 1971; Witter, 1972a) and mammalian
species (Sharma et al., 1973b).

Airborne transmission of HVT was experimentally demonstrated
between turkeys, from turkeys to chickens, and from chickens to
turkeys. This horizontal transmission was also demonstrated in
naturally infected commercial turkey flocks where HVT infection
spreads very rapidly throughout the flock and persists at a high
frequency for at least 20 weeks. The role of egg transmission of
HVT in turkeys has been studied, and the evidence is against embryo
transmission of HVT (Witter et al., 1970b; Witter and Solomon, 1971;
Paul et al., 1972). It is regularly shed from the feather follicle
epithelium of turkeys, in which the virus behaves epizootiologically

in a manner similar to MDV in chickens. Commercial turkey poults
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are hatched free of infection, but soon acquire virus and the result-

ing antibody against it (Payne et al., 1976).

HVT in Chickens

Turkey herpesvirus has been studied extensively in chickens
and is used worldwide as a vaccine to prevent lymphoproliferation
caused by MDV. It does not usually replicate in the chicken feather
follicle epithelium and so is not shed in the environment. When
chickens without maternal antibody are given large doses of HVT,
however, virus shedding may occur (Cho et al., 1971).

The development of resistance in vaccinated chickens is rapid
and generally persists for life. When day-old chicks received an
adequate dose of vaccine virus, they were protected against MDV
challenge 3 weeks later (Okazaki et al., 1970). Experimentally only
3 PFU gave a 50% protection at 3 weeks (Purchase et al., 1972), but
a dose as high as 9,000 PFU was not protective against challenge 1
week later (Okazaki et al., 1973). 1In the field, 500 PFU of HVT
inoculated at hatching was effective in preventing MD. However, it
was found necessary to vaccinate as soon after hatching as possible
to insure protection under natural conditions (Purchase et al.,
1971c,d; Okazaki et al., 1971; Eidson and Anderson, 1971). If
exposed, vaccinated chickens also become infected with MDV. Dually
infected chickens shed MDV but not HVT into the environment. Marek's
disease virus shed by such vaccinated birds is unaltered in virulence
and may produce disease in susceptible chickens (Purchase and

Okazaki, 197la,b; Nazerian et al., 1976).
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HVT as a Vaccine

Three types of vaccines have been used against MDV (Purchase et
al., 1971c). These are attenuated MDV (Biggs et al., 1970; Churchill
et al., 1969a,b), naturally apathogenic strains of MDV (Rispens et
al., 1972b; Zander et al., 1972), and the herpesvirus of turkeys
(Okazaki et al., 1970; Purchase et al., 1971c, 1972). 1In 17 field
trials including 27 replicated experiments, HVT offered greater than
50% protection against MD in all trials. The incidence of MD in
unvaccinated birds reared in the same pen was greater than 2%
(Purchase et al., 1971c, 1972). Protection exceeded 80% in 3/4 of
these replicates. In 1970 the vaccine was licensed for use in
Michigan, and in March 1971 it was licensed all over the United
States. Turkey herpesvirus is in use worldwide. An important
consideration not in favor of the other 2 vaccines is the possibility
that altered viruses from chickens could become pathogenic after a
period of time, especially in those strains that spread horizontally.

Turkey herpesvirus is the only MD vaccine that is readily
obtainable in cell-free form from infected tissue culture after
disruption of cells (Calnek et al., 1970b). The cell-free HVT may
be lyophilized for storage. In the United States, the cell-
associated vaccine which consists of HVT-infected tissue culture cells
preserved in dimethylsulfoxide (DMSO) in liquid nitrogen is also used.
Cell-free vaccine has some advantage over cell-associated vaccine,
because it does not require similar exacting conditions of storage;
on the other hand, maternally derived antibody in chicks may inter-
fere with vaccination and the neutralization effect is greater
against cell-free HVT than against cell-associated vaccine (Calnek

and Smith, 1972; Patruscu et al., 1972). Maternal antibody associated
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with vaccination of the dam with HVT did not interfere with the
effectiveness of chick vaccination unless the breeding stock was
vaccinated repeatedly (Eidson et al., 1972). Recently, however, it
was found that HVT inhibited induction of viremia and the antiviral
antibody response was delayed and less uniform. The combined effects
of HVT-maternal antibody and early exposure (1 week vs 2 weeks) to
MDV resulted in tumor development in chickens given a low dose of
HVT vaccine (Eidson et al., 1978). It was speculated that the prac-
tical importance of the influence of maternal immunity on vaccination
comes from the fact that the frequency of MDV infection remains high
because most flocks are exposed. Most chickens in exposed flocks
are infected and are permanent carriers of the virus. This is
aggravated by the high density of chickens not only within the
houses but also within farms and entire geographic areas (Eidson et
al., 1978).

Vaccination failure may be due to failure of establishment of
infection by HVT because of neutralization by maternal antibody,
failure of development of adequate vaccinal immunity because of early
exposure to MDV, or to failure to inoculate an adequate dose of HVT
because of faults in vaccine manufacture, storage, or inoculation
methods (Payne et al., 1976). Vaccination efficiency is also
influenced by host genetic factors (Spencer et al., 1974; Zanella
et al., 1975; Cho, 1977).

Because of excessive losses from MD after the usual single vac-
cination at 1 day of age, many studies were done to evaluate revac-
cination to increase immunity (Spencer et al., 1974; Zanella et al.,
1975; Cho, 1977; Ball and Lyman, 1977). 1In the field there was no

significant difference between day-old vaccination and repeated
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vaccination. If exposure were delayed until after revaccination such
as in experiments where chickens were kept in isolators (Spencer et
al., 1974), then revaccination might be beneficial.

The widespread use of HVT vaccine against MD in the United
States since 1970 has resulted in more than an 80% reduction in the
number of chickens condemned from MD in poultry processing plants.

A similar reduction in mortality during the growing period has been
observed in vaccinated egg-laying chickens, and the vaccinated
chickens lay approximately 4% more eggs than unvaccinated chickens.
Indirectly, from this information one must conclude that subclinical
infection with MD may result in a suboptimal performance of the

chicken (Purchase, 1976b).

Mechanism of Vaccinal Immunity

The mechanism of vaccinal immunity is not fully understood.
However, the observation that immunosuppression due to administration
of large doses of cyclophosphamide to vaccinated chickens will compro-
mise the protection offered by HVT suggests that a major role is
played by the immune system (Purchase and Sharma, 1974). "Humoral
neutralizing antibody, cellular antiviral immunity and interferon,
although present and partly effective, do not fully account for the
protection observed." Therefore, immunity is mediated mainly through
immunologic reaction against the cells that form the tumor. The most
likely mechanism appears to be cell-cell interactions involving
"killer" or suppressor thymus-derived cells and virus-infected cells
(Purchase, 1975).

Kaaden et al. (1974) and Kaaden and Dietzschold (1975) found

that membrane fractions of HVT-infected cells, when used as a vaccine,
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protected chickens against MDV infection. These fractions lacked MDV
when tested in tissue cultures.

Witter et al. (1976) observed that chickens vaccinated at hatch-
ing with high doses of HVT developed viremia. Titers peaked around the
12th day and gradually declined. They also noted that HVT infection
induced mild microscopic lymphoproliferative lesions in the nerves
and gonads. The lesions were most prominent around the 12th day and
then regressed. These lesions were also induced by HVT in
cyclophosphamide-treated chickens. This may suggest that the lesions
were T-cell dependent. The presence in these lesions of large imma-
ture cells suggested that HVT may be able to cause neoplastic trans-
formation. It was postulated that the infiltration of mature lympho-
cytes and rapid regression of these lesions might represent a cell-
mediated immune response of the host to the specific tumor or viral
antigens on the transformed cells. This study also showed that
maternal antibody reduces these early lesions, a fact that could be
taken as an explanation for some vaccine failures if these lesions
were essential in vaccinal immunity.

Powell et al. (1974) and Witter et al. (1975b) postulated that
the lymphoblastic cells in HVT lesions may contain MATSA , an antigen
seen in MD tumor cells and on cell lines derived from tumors. They
further postulated that an immune response to MATSA may develop in
vaccinated chickens and that this response might protect them against
subsequent lymphoma formation by MDV. The first evidence that a
T-cell response against MATSA-bearing lymphoblastoid cells of MSB-1
develop in chickens inoculated with HVT as well as other MD vaccines
was presented by Sharma et al. (1978). They inoculated chickens with

HVT or with apathogenic or attenuated vaccine strains of MDV and
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tested spleen cells in a 4-hour 51Cr-release assay for cytotoxic
response against the MSB-1 cell line. They found that the cytotoxic
cells generated by the vaccine viruses had characteristics similar
to those noted for MSB-1 affected cells generated by MDV. Thus, they
postulated that immunity associated with anti-tumor antigen may play
a role in the mechanism of vaccine protection against lymphoma

development.

The Leukosis/Sarcoma Group of Viruses

Introduction

"Lymphosarcomatosis" in chickens was first recorded by L. Roloff
in Europe in 1868. 1In 1896, Caparini described fowl leukemia in
Italy. The first clearly reported cases of lymphoid leukosis (LL)
were described as "aleukemic lymphadenosis" by Butterfield and Mohler
in 1905 in the District of Columbia and Michigan. Later Warthin
used the term "lymphocytoma" and was the first to recognize the
aleukemic and leukemic conditions as 2 forms of the same disease
process and to consider both to be malignant neoplasms (Burmester
and Purchase, 1979). It was not until later years that these neo-
plasms were known to be caused by viruses.

This group of viruses induces in chickens, and to a lesser extent
in other avian species, a variety of transmissible benign and malig-
nant neoplasms. The most widespread of these is LL, but erythro-
blastosis, myeloblastosis, endothelioma, nephroblastoma, hepato-
carcinoma, fibrosarcoma, and osteopetrosis may also occur. In the
past many names were used to describe LL and much confusion existed
due to the fact that Marek's disease and LL could not be etiologically

separated. Descriptive names such as lymphosarcomatosis, aleukemic
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lymphadenoma, visceral lymphomata, lymphatic leukosis or simply
leukemia were used by pathologists and "big liver disease" by laymen
to describe what is now LL (Purchase and Burmester, 1978; Burmester
and Purchase, 1979).

The transmissibility of these neoplasms was first demonstrated
by Hirschfield and Jacoby in 1907 and later confirmed by Buchard in
1912 and Magnusson in 1916 in Germany, and in the United States by
Schmeisser in 1915, as reported by Burmester and Purchase (1979). They
also reported the first successful transmission with a filterable
agent in Copenhagen by Ellermann and Bang in 1908, In spite of these
reports, many well known investigators over a period of 30 years con-
sidered LL nontransmissible because of the negative results of trans-
mission experiments with various materials from affected chickens.
These investigators held that the intravascular forms of leukosis,
i.e., erythroblastosis and myeloblastosis, were transmissible but the
extravascular form, i.e., LL, was a nontransmissible tumor (Burmester
and Purchase, 1979).

Furth (1933) provided good experimental evidence that a transmis-
sible filterable agent was the cause of LL, but conclusive proof that
a virus causes LL was provided by Burmester (1947), Burmester and
Cottral (1947), and Burmester and Denington (1947).

In 1911 Peyton Rous of the Rockefeller Institute showed that
avian fibrosarcoma was transmissible with cell-free filtrate--a
breakthrough in cancer research that led Rous to be awarded a Nobel
Prize. This tumor and its virus were considered completely separate
from leukosis. The close relationship between leukosis and sarcoma
was proved by Harry Rubin's discovery in the 1960s of the resistance

inducing factor (RIF) and Rous-associated virus (RAV), which were
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found to be LL viruses. He also established their role as "helpers"

to Rous sarcoma virus (Burmester and Purchase, 1979).

Viruses

The avian leukosis/sarcoma group of viruses contain RNA, are
ether sensitive, and have other characteristics of the myxoviruses.
They have been included in the genus oncornavirus C, members of which
are biophysically and biochemically indistinguishable from one
another except for some minor differences associated with the type
of cell from which the virus originated. They replicate through
reverse transcription from viral RNA to a DNA intermediate and are
thus placed in the family Retraviridae. Viruses of LL have in common
certain properties of the virus genome, the most important of which
is a group-specific (gs) complement-fixing antigen, and are classified
into at least 5 subgroups and types according to their host range
in genetically different chicken embryo fibroblast (CEF) cultures, their
interference pattern with members of the same and different subgroups,
and viral envelope antigens identified by neutralization. In
chickens the subgroups are A, B, C, D and E. Viruses of ring-necked
and golden pheasants belong to subgroups F and G, respectively, but
recent results suggest that subgroup G may belong to a new class of
RNA viruses. Viral host range or genetic cellular resistance to
infection is controlled by at least 4 major genetic loci in the
chicken (Vogt and Ishizaki, 1966a; Duff and Vogt, 1969; Burmester
and Purchase, 1970; Fujita et al., 1974; Crittenden, 1975; Hanafusa,
1975; Purchase and Burmester, 1979).

The replication of leukosis viruses is probably similar to that

for the sarcoma virus, although the time may be longer than for the
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sarcoma virus. The DNA from infected cells can be isolated and will
transfect cells leading to transformation, virus production, or both
(Vvigier, 1974). Sarcoma virus particles are formed and released
from infected cells by "budding" from cell membranes and cytoplasmic
vacuoles and freed into the extracellular space (Beard, 1973). After
adsorption, penetration and uncoating, reverse transcription from
RNA to DNA forms the DNA provirus that contains the gene for virions
and for transformation. Viral RNAs, viral proteins and virions are
then formed. Replication activity associated with DNA provirus
replication and with neoplastic transformation is lost (Temin, 1971;
Vigier, 1974; Hanafusa, 1975).

The mutations that occur in sarcoma viruses are either condi-
tional or nonconditional (Vogt et al., 1974; Hanafusa, 1975). The
conditional mutants produce sarcoma when injected into chickens.

The nonconditional mutants are either transformation defective or
replication defective. The transformation defective mutant viruses
cause leukosis when injected into susceptible chicks (Biggs et al.,
1973). Leukosis viruses appear in all stocks of nondefective sarcoma
viruses. Replication-defective mutants, such as Bryan high (BH)
titer strain of Rous sarcoma, have been isolated from native and
mutagenized stocks of avian sarcoma virus. These produce noninfec-
tious progeny and the morphologically altered cells from which they
are produced have been termed nonproducer (NP) or converted nonvirus
producer (CNVP) cells (Purchase, 1965). Avian leukosis viruses or
nondefective sarcoma viruses, i.e., "helper viruses", complement the
replication of defective virus when they coinfect the same cell to
provide the missing component in the viral genome. The helper

viruses present in defective RSV stocks are referred to as
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Rous-associated viruses (RAV). Activation of nonproducer cells can
be used as an assay for leukosis viruses because the sarcoma virus
activated from nonproducer cells by a leukosis virus can be detected
directly in cell culture. This also offers a method for preparation
of "tailor-made" Rous sarcoma viruses with envelope properties
identical to the helper virus, i.e., the leukosis virus. Determina-
tion of envelope properties is easier with the sarcoma virus than
with the leukosis virus (Purchase and Burmester, 1978).

In 1964, Okazaki and Crittenden noted that avian leukosis
virus gs antigen without infectious virus was present in certain
line 151 embryos and, in 1968, Payne and Chubb reported that
gs antigen was inherited as a single gene. These observations gave
a strong impetus to Huebner's oncogene and Temin's protovirus
hypotheses, which state that all the information necessary for the
formation of tumors or tumor viruses is present in every normal cell
but is repressed. Various factors act to derepress this information,
after which tumors result. These concepts were the bases for the
discovery of endogenous viruses. Thus, all chicken cells apparently
carry viral genome required to produce a complete leukosis virus
(Burmester and Purchase, 1979).
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