





























Avian tumor virus research in U. S. 11

In recent years our understanding of the genetics of the avian
tumor viruses and the genetics of virus-host interaction in the in-
duction of disease has grown by leaps and bounds. Resistance to
different subgroups of leukosis viruses, of which there are now
seven (two are of pheasant origin), is controlled by different loci,
some with several alleles. There are also dominant genes for gs
antigen production, chick helper-factor production, and production
of endogenous virus.

Role of bursa of Fabricius in lymphoid leukosis. In 1962 the RPRL
was visited by a pediatrician, Dr. R. D. A. Peterson (see Peterson
et al.) (25), who was working with an immunology group under
the direction of Dr. R. A. Good at the Medical School of the Uni-
versity of Minnesota. He suggested that the bursa of Fabricius
might be directly involved in the immune system of the chicken
and alter the pathogenesis of LL. Experiments showed that bur-
sectomy completely prevented LI, and this technique more than
any other pointed to the central role of the bursa in LL and in
humoral antibody production. Subsequently, Payne, while on sab-
batical at the RPRL, together with Drs. M. D. Cooper, of the
University of Minnesota, and H. G. Purchase, of the RPRL, in a de-
tailed study of the pathogenesis of LL, found that the first signs
of transformation were clearly visible in the bursa of Fabricius at
8 weeks of age. Later studies by Burmester and, subsequently, Dr.
C. H. Romero with hormonal or chemical bursectomy confirmed
that the bursa is the primary target organ. Dr. Douglas Gilmour,
of New York City, and Purchase, now at Beltsville, Maryland, have
recently shown that the bursa also plays a role in genetic resistance
to LL.

Immunobiology. Attempts to produce a vaccine effective against
some form of leukosis began with Ellermann, in the early 1920’s.
Since then, most investigators of avian leukosis have attempted to
produce such a vaccine. In 1932, Furth found neutralizing activity
in serum, and Jarmai induced passive immunity. In 1937, Dr. E.
Uhl reported on attempts to actively immunize with aluminum
hydroxide adsorbate, and in 1945, Dr. E. P. Johnson obtained
“promising” results with desiccated material. More recently, Dr.
J. W. Beard, at Duke University, immunized birds with inactive
virus. All of the foregoing research was done with the intra-
vascular, i.e., leukemic, forms of leukosis.

The first tangible results with LL were obtained by Bur-
mester et al. (7), who reported in 1957 that repeated injection of
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hens with virus of LL induced significant immunity in progeny
chicks. The hens and chicks had high levels of neutralizing anti-
bodies, and treatment of viral material with propiolactone or for-
malin reduced the immune responses. Later work showed that
when treatment resulted in complete inactivation, there was no
measurable immune response. An effective vaccine continues to
elude the best efforts of investigators.

Oncogene and protovirus hypotheses and molecular biochemistry.
As early as 1964, Okazaki and Crittenden noted that the avian leu-
kosis virus gs antigen without infectious virus was present in
certain line 151 embryos. Its occurrence changed with males, sug-
gesting an inherited control. At that time, Payne of HPRS was
spending a sabbatical leave at the RPRL. After he returned to Eng-
land he worked on this curious situation, and in 1968 he reported
that gs antigen was indeed inherited as a single gene. This classic
publication, along with evidence provided by work of Dr. Robert
Dougherty and others, gave strong impetus to Dr. Robert Hueb-
ner’s “oncogene” and Dr. Howard Temin’s “protovirus” hypotheses
to explain the origin of cancer. Briefly, the hypotheses state that
all of the information necessary for the formation of tumors (on-
cogenes) or tumor viruses (provirus) is present in every normal
cell but is repressed. Various factors act to derepress this infor-
mation, after which tumors result. Those concepts and additional
research led to discovery of the endogenous viruses.

Integration of provirus in normal cells was essentially ac-
cepted with the discovery of reverse transcriptase by Temin and
Dr. David Baltimore. That momentous discovery with avian tumor
virus, which was the basis for a Nobel Prize jointly awarded those
investigators, led to great strides forward in the molecular biology
of tumor viruses in general. The development of hybridization
techniques soon followed, with contributions by Drs. Paul Neiman,
Michael Bishop, Harold Varmus, and others. Even more recently,
the discovery and use of restriction endonucleases has allowed
genome sequencing. A key to these discoveries was the develop-
ment of many virus mutants by Vogt and co-workers. Mutants with
specific deletions are required to determine the function of various
segments of the genome.

Before long we will understand the molecular events of viral
infection and replication; and much progress is being made toward
the more important goal of understanding how viruses cause their
characteristic tumors.
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Lymphoid tumor transplants. One of the proponents of the non-
transmissibility of LL was Dr. Carl Olson, but he found an outlet
for experimentation by developing the now famous Olson tumor
transplant. That experiment started with a Rhode Island Red by
Plymouth Rock crossbreed hen in the backyard of a librarian at
Massachusetts State College. According to Dr. K. L. Bullis, the
hen, Case No. 452, had LL. Blood was obtained from the hen’s
heart, and Olson injected a few young chickens by the wing vein.
One of the chickens developed a tumor at the site of injection.

The tumor was successfully transferred to other chickens by
injection of tumor suspensions. This tumor started a long series of
passages, first by Olson. Then, when he was called into the armed
services, in 1942, he gave the tumor to Brandly of RPRL, and when
Brandly was called into service to work with Jungherr on fowl
plague, the work of maintaining Olson’s tumor fell to Prickett and
Burmester, who transferred the tumor once each week to a new
batch of chickens. In other studies with this tumor strain, they
found that all birds having a growing tumor that regresses are
solidly immune to challenge with a second or third transplant, al-
though, surprisingly, such birds may later develop LL. Perhaps
more important was the finding that the Olson tumor transplant,
also identified as RPL 12 at the RPRL, contained a virus that
caused not only LL but also erythroblastosis and osteopetrosis.

These studies suggested an examination of other naturally
occurring cases of LL. Using inbred line 15, developed by Waters
as especially susceptible to LL, Burmester and Prickett, in 1946
and 1947, obtained good transmission with 13 of 17 cases and de-
veloped eight transplantable strains. Most of these strains con-
tained a virus very similar to the one found in the Olson tumor.

In a laboratory in Italy, Dr. F. Pentimalli transplanted a
chicken lymphosarcoma. He reported this transplant in 1941 in
Volume 1 of Cancer Research, which contained Olson’s (23) first
report on his chicken tumor.

Transmissible fowl leukosis. Although many investigators long
questioned the transmissibility of LL, they did not question the
so-called “transmissible leukoses.” Some of the strains isolated and
studied were reported by Olson and are shown in Table 2.

Most of these strains produced more than one type of leukosis
or other neoplasm, i.e., erythroblastosis, myeloblastosis, and LI,
and some even produced fibrosarcoma, endothelioma, osteopetrosis,
or myelocytoma. Classical isolation, transmission, and descriptive
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pathology studies were conducted by many investigators from 1908
to 1939.

Of outstanding significance was work of Beard (1) and his
group at Durham, North Carolina, on the virology and pathology
of myeloblastosis, erythroblastosis, and myelocytomatosis. The
virus of myeloblastosis, on which Beard spent so much time, had a
most interesting origin. In the late 1930’s, Drs. W. J. Hall, C. W.
Bean, and Morris Pollard, working in the Beltsville poultry lab-
oratory of the USDA, Bureau of Animal Industry, obtained two
chickens with fowl paralysis. One also had a large number of “lym-
phoid” cells in the blood. A suspension of enlarged nerves was in-
jected into Rhode Island Red chickens. Subsequent passages were
made with heparinized blood given intravenously. By the 17th pas-
sage, all birds died of what Hall called erythroblastosis, with an
average latent period of 20 days. He named the causal virus BAI
Strain A. When the RPRL started, in 1939, Brandly obtained from
Hall chickens infected with this BAI Strain A. During the next 5
years it was passaged intravenously at the RPRL with heparinized
blood of leukotic birds. During that period it caused a combination
of erythroblastosis and myeloblastosis (the latter was also called
granuloblastosis) in all birds. In 1944 Dr. E. P. Johnson requested
the strain from the RPRIL, and Burmester sent him a vial of
heparinized blood. Johnson reproduced erythromyeloblastosis. In
1950 when he attended a lecture given by Beard on equine encepha-
litis, Johnson told Beard about his virus that caused different types
of leukosis. The finding greatly interested Beard, so Johnson sup-
plied him with a sick chicken. Blood from that chicken was the
start of a long series of investigations by Beard. During the first
3 years the leukosis induced was called erythromyeloblastic leuko-
sis. In 1952, Burmester visited Beard’s laboratory and examined
blood smears. He could find no evidence of erythroblasts. The im-
mature elements were all of the myeloid series; in fact, they were
uniformly myeloblasts. Hence, from then on the strain became
known by Beard as myeloblastosis.

Beard investigated a second “pure” strain, Strain “R,” causing
a very acute erythroblastosis. Although both strains cause only one
type of leukosis under usual experimental conditions, Burmester
found that when birds were infected with very small doses of either
virus and the experimental period was long, the incidence of LL
was high, and birds inoculated with Strain A also developed kid-
ney tumors and osteopetrosis.
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Beard found two important advantages in working with Strain
A, now called AMV (for avian myeloblastosis virus): 1) many
chickens developed such high concentration of virus that the plasma
was milky (1 X 103 or more particles/ml) ; and 2) virus concen-
trations could easily be determined biochemically because the virus
had on its surface an enzyme that acts on adenosine triphosphate.
Strain A was the first tumor virus that could be produced in gram
quantities for biochemical, immunological, and molecular studies.
Beard and his group exploited the properties of this virus to the
fullest, publishing over 150 papers. Beard also provided the means
by which many other investigators made important discoveries re-
garding the properties and action of the RNA tumor viruses.

Cures for “leukosis.” While reputable laboratories were attempt-
ing to understand the biology of LL, many unproved remedies for
the disease were recommended. For example, in the 1920’s and
1930’s a good poultry veterinarian’s pharmacy had an assortment
of potions for the control of lymphomatosis. Iron and liver treat-
ment was thought to reduce the incidence of leukosis.

In 19388, Drs. W. J. Butler and D. M. Warren of Kansas re-
ported on the prophylactic and curative value of vitamin E. That
finding was soon refuted by experiments of Drs. R. K. Cole, Jung-
herr, L. W. Taylor, and Johnson. Waters noted a reduction of lym-
phomatosis when the chicken diet was supplemented with a syn-
thetic vitamin D rather than codliver oil. Olson, in 1962, reported
that one batch of codliver oil increased the incidence of LL but had
no effect on erythroblastosis or on neural lymphomatosis. Ten per-
cent potassium iodide was at one time thought to be beneficial
against fowl paralysis, and at one time the RPRL stored and
processed tons of tomatoes and fed gallons of puree to chickens
because of a claim that feeding tomatoes would prevent lympho-
matosis. In 1950, Winton reported on those unsuccessful experi-
ments, and in 1952 Dr. R. F. Gentry was unable to show that
krebiozen, a substance isolated from horse serum, had any effect
on LL. In the 1960’s, Mr. Carlton Nash, of Nash Dinosaurland, in
Massachusetts, promoted a secret formula which he claimed pre-
vented the disease.

MAREK’S DISEASE
Marek’s disease was first described in 1907, under the term
polyneuritis, by Dr. Joseph Marek, a Hungarian (20). He at-
tributed the characteristic lameness to the mononuclear infiltra-
tion found in peripheral nerves and spinal nerve roots. In 1921, Dr.
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B. F. Kaupp found a similar disease in the United States and ob-
served a frequent association with blindness. From 1926 through
1929, Drs. L. P. Doyle and A. M. Pappenheimer (24) coined the
term neurolymphomatosis and studied the pathologic aspects of the
disease. They found it to be frequently associated with tumors of
the viscera, especially the ovary, and lesions in the brain and iris.
They considered this disease to be unrelated to LL. Furth expressed
a similar view in 1935. The type cell was a small lymphocyte.

Experimental transmission. The first reported successful trans-
mission was in 1924, by Drs. N. Van der Walle and E. Winkler-
Junius. In 1935, Furth found that transmission was successful only
with viable cells whereas transmission of LL was successful with
cell-free inoculums.

In the 1940’s and 1950’s results in studies on the etiology of
MD were confusing, and progress was not significant. The lack of
progress was due largely to frequent adventitious infections and to
the low or erratic level of disease apparently induced. Not until
work of Sevoian et al. (30), at Massachusetts in 1962, and of Biggs
and Payne (4), at the HPRS, was the disease transmitted with
regularity. Sevoian’s results were at first not generally accepted,
because, in trying to repeat them, others filtered their inocula and
lost infectivity. The dogma prevailing at the time was that all
viruses had to be filterable. When the cell-associated nature of
MDYV became known, the significance of Sevoian’s findings was
apparent. Sevoian’s JM strain of MD became widely used as a
standard pathogenic strain. More than 65 strains (or isolates) are
now reported in the literature. The ability to transmit the disease
soon led to the development of an in vivo assay system useful for
quantitative studies and studies on the etiology, epizootiology, and
pathogenesis of the disease.

New, acute form of disease appears in the United States. In 1949
and the early 1950’s an acute form of MD appeared on the eastern
seaboard of the United States, characterized by high mortality with
tumors of the viscera as the dominant lesion, first described by
Drs. W. J. Benton and M. S. Cover (2) of the Delaware Experiment
Station. This disease, known as “acute leukosis,” spread southward
to Georgia and then westward to Arkansas, where it was first
known as the “red leg” syndrome. The appearance of this acute
form of MD and the beginning of compulsory inspection of poultry
at slaughter, in 1961, resulted in enormous losses to the poultry
industry, so that in the 1960’s the major cause of economic loss to
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the poultry industry was MD. The industry cried out for help, and
researchers responded with increased emphasis on studies of the
etiology of MD.

Virus etiology. One of the momentous breakthroughs in the
study of MD came in 1967, when the virus was successfully grown
in cell culture. This procedure did not come overnight, even in lab-
oratories with experts in cell-culture work. The right combination
came together at the HPRS when Drs. A. E. Churchill and P. M.
Biggs (10) placed tumor cells of an MD bird on a chicken kidney
cell culture. In the United States both Dr. B. W. Calnek, at Cornell
University, and Dr. R. L. Witter, at the RPRL, tried infecting all
kinds of chicken cell cultures, but without significant success.
About that time Dr. Bart Rispens, of The Netherlands, visited the
RPRL. He had been working with duck embryo cell cultures and
suggested a trial. Immediately Dr. J. J. Solomon (31) set up duck
embryo fibroblast cultures, seeded them with blood infected with
the JM strain, and in a few days observed a cytopathic effect. Wit-
ter then inoculated chickens with those cultures and reproduced
MD at a high rate. At the same time Dr. Keyvan Nazerian pre-
pared cultures for examination under the electron microscope and
was able to identify the discrete particles as herpes virions. He
could relate them directly to MD because, several months earlier,
he had identified similar particles in a gonad tumor of a bird with
MD.

Biggs was on his way from England to Dallas, Texas, to at-
tend the annual meeting of the American Veterinary Medical As-
sociation. Because he was a personal friend of Burmester and
wished to renew acquaintances with scientists at East Lansing, he
stopped at the Laboratory and showed workers his electron micro-
graphs of the herpesvirus detected in kidney cells inoculated with
blood from chickens with MD. Nazerian was able to show Biggs
almost identical photographs of the same agent in duck embryo
fibroblasts. Biggs and Nazerian were able to present their findings
to those attending the annual meeting; however, the group from
England got its work published in 1967, whereas the group in the
United States chose a slower journal, and its results were not pub-
lished until 1968.

Convincing evidence for etiologic agents of MD was found in
considerable experimental data reported during 1968 and 1969 by
investigators at the RPRL and the HPRS, but the final proof was
provided by Calnek, when he reproduced MD with cell-free virus
obtained from feather follicles.
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Genetic resistance. Drs. F. B. Hutt and R. K. Cole (18) had for
many years bred different lines of chickens at Cornell University
for susceptibility and resistance to lymphoid neoplasms. Their
selection, however, was based on a method of exposure and diagno-
sis that favored MD. Through continued selection, chickens gen-
etically susceptible to MD were developed and were known as the
Cornell S Line. Those chickens have proved very useful in MD re-
search.

To confirm those observations and attempt a practical demon-
stration, Cole started a series of experiments on divergent selection
of a random-bred population for resistance and susceptibility to
MD. His efforts, reported in 1968, were surprisingly successful,
and in three generations he developed stocks that differed greatly
in susceptibility to MD. The Cornell N line was highly resistant to
the disease, and the Cornell P line highly susceptible. Using those
stocks, B. M. Longenecker, at Iowa, and Howard Stone, at the
RPRL, working with Elwood Briles, of Northern Illinois Univer-
sity, were able to show an association between the B2! blood group
antigen and resistance to MD. Although this pleiotropic association
had great potential for industry application, it has not been used
because of the great success of other methods of MD control.

Horizontal transmission. During the 1960’s the epizootiology of
MD was enigmatic. It appeared strictly cell-associated in vitro and
could be transmitted only with intact cells. Any treatment that
destroyed the viability of the tumor or blood cells would prevent
transmission. Yet, the disease was highly contagious in nature. In
1968, Witter found that infection in droppings persisted much
longer than one would expect from intact cells. This conundrum de-
manded an explanation, and Calnek et al. (8) provided the answer.
They literally took the chicken apart and examined every organ for
the presence of virus, using the fluorescent-antibody test. They
found that the virus matured to its infectious form only in the
feather follicles.

Purchase and Nazerian, at the RPRL, soon confirmed those
findings. As feathers grow they shed dander, and that is the
source of the virus contaminating the environment. Dr. J. N.
Beasley and co-workers, at the University of Arkansas, and other
investigators have shown that MD could be reproduced by poultry
house dust and feather dander.

Attenuated Marek’s disease vaccine. Churchill et al. (11), at
HPRS, attenuated the virulent HPRS 16 MDYV in 1969. That re-
sulted in the first successful vaccine against MD and was the first
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time that a cell-associated vacecine had been used. Churchill, recog-
nizing the economic significance of the discovery, established a
biologics company.

Herpesvirus of turkeys vaccine. While searching for the means
of persistence of MDYV in the environment, Witter examined tur-
keys as a possible intermediate host and reservoir for MDV in
nature. From turkeys sent to the RPRL from Indiana by Dr.
Joseph Ostendorf, a practicing veterinarian, Witter isolated a non-
pathogenic virus. Shortly before that discovery, Drs. H. Kawamura
and David Anderson, at the University of Wisconsin, also isolated
a herpesvirus from turkeys. Further research was interrupted
because Kawamura left for Japan and Anderson left for Georgia.

Soon after Witter et al. (34) isolated the HVT, he inoculated
chicks with it, and they remained healthy; but serum agar-gel
precipitin tests revealed cross-reactions with MD antigens. These
cross-reactions prompted Witter to suggest to Okazaki that he run
a protection test. Okazaki had been running protection tests with
MDYV virus he had attenuated by various protocols and was all set
up for appropriate MD protection tests. The first tests resulted in
100% protection by HVT. In the meantime, Purchase, using
fluorescent-antibody tests, confirmed the close antigenic relation
between MDV and HVT; and Nazerian, using the electron miecro-
scope, characterized the ultrastructure of the virion and found it
to be very similar to the MD virion.

This information and the finding that the HVT grew rapidly
in duck as well as chicken embryo fibroblasts suggested the pos-
sibility that it might be a good vaccine against MD. Burmester,
then the director of the RPRL, immediately recognized the eco-
nomic importance of such a vaccine and requested that all effort
on vaccine research be placed on HVT. He directed Purchase and
Okazaki to organize and conduct a research program that would in
a single year prove the efficacy of HVT as a vaccine and provide
sufficient data to satisfy the requirements of the Biologics Division
of the Animal and Plant Health Inspection Service of USDA. The
assignment was fulfilled through the dedicated efforts of Purchase
et al. (27), Okazaki et al. (21), and many other members of the
Laboratory staff, and the vaccine was licensed by the State of Mich-
igan in November 1970 and by the USDA in March 1971. At about
the same time, Dr. C. S. Eidson, working at the Poultry Disease
Research Center, University of Georgia, obtained some HVT from
RPRL and vaccinated over 3 million chickens in a number of trials.
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The high protection obtained provided the basis for the State of
Georgia to issue a license in 1970. Similar herpesviruses were iso-
lated from turkeys in England, in many other European countries,
and in Australia. At least 18 strains or isolates of HVT are now
reported in the literature.

The attenuated MD vaccine was superseded by the HVT vac-
cine because the latter was somewhat more effective and easier to
grow than the former. Also, cell-free virus can be extracted from
HVT-infected cells and a lyophilized vaccine prepared from it,
whereas almost no cell-free virus can be extracted from the atten-
uvated MDV. The cell-free lyophilized vaccine is now used most
widely in Europe. Predominant in America is the cell-associated,
wet, frozen preparation, because of its greater apparent efficacy.

The HVT vaccine has resulted in a remarkable economic bene-
fit to human food production. The benefit-cost ratio has been esti-
mated at 44.3, which means that the average dollar spent on
research will return $44.30 in economic benefits. In terms of re-
duced cost of production it amounts to 0.56¢ per pound of broiler
and 2.22¢ per dozen eggs.

Widely used in The Netherlands is a vaccine developed by
Rispens that was naturally of low pathogenicity and then further
attenuated.

Immunobiology. In 1973, Drs. B. T. Rouse, in Australia, and
Payne, in England, independently showed that most of the cells in
MD tumors were thymus (T) cells. A little later, Drs. Yoko Aki-
yama and Shiro Kato, in Japan, developed lymphoblastoid cell lines
from MD lymphomas. These grow continuously in cell culture, and
all have T cell and tumor-specific surface antigens as detected by
Drs. P. L. Powell and Payne, of HPRS, Drs. Nazerian, Sharma,
and Witter, of the RPRL, and Drs. O. H. Matsuda and Kato, of
Japan. Witter et al. (35) discovered MATSA, an MD-tumor-as-
sociated antigen which appears to be related to conversion of cells
to the neoplastic state. The foregoing and other cell lines developed
at the RPRL, the HPRS, Cornell University, and Life Sciences,
Inc., in Florida, have played a significant role in elucidating the
complex picture of the immunobiology of MD. No less important
has been the use of immunosuppressive drugs, irradiation, and
surgical removal of immune active organs in studies on how the
vaccine prevents the development of MD lymphomas.

This immunity is apparently quite complex; both the thymus
and bursa of Fabricius play important parts in providing cellular
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and humoral immunity, although the importance of each type
varies with the situation.

Some enigmas of Marek’s disease research. Research on MD, as
with LL, has been fraught with many disappointments, discourage-
ments, and blind alleys, where time, money, and other resources
were spent without apparent value received. In most instances,
however, something was gained, and eventually the remarkable
HVT vaccine was discovered. Following is a view of some of the
many enigmas of MD research.

1) “Chick disease” virus. On sabbatical leave from the Vet-
erinary Laboratory, Weybridge, England, Dr. F. D. Asplin came to
the RPRL in 1945 to investigate “chick disease.” During the period
1939-1941, Drs. F. Blakemore and R. E. Glover had reported a
high rate of transmission of fowl paralysis (MD) in young
chickens. Morbidity and mortality were high, with focal
necrotic lesions in the liver, spleen, and heart. The connection with
MD was in the observation that some birds surviving 3 weeks de-
veloped typical MD lesions in peripheral nerves. Also, the original
inoculum was a suspension of enlarged nerves. A number of strains
that caused “chick disease” were isolated. Blakemore and Glover
found that the infectious agent was filterable, and Asplin, in 1944,
found that sulfonamides prevented macroscopic lesions and mor-
tality.

The first question concerning the validity of Blakemore and
Glover’s earlier claims came to light when Asplin was unable to re-
produce the ‘“chick disease” with chickens of the RPRL having
typical MD lesions. After Asplin returned to England he sought
further for the “chick disease” agent. Some isolates caused the dis-
ease and some did not. One of them, strain A, caused MD lesions
in 40% of birds inoculated, but no ‘“chick disease.” Also, sulfadia-
zine had no effect on the occurrence of MD. Other experiments
were conducted, including neutralization tests. In 1947, after 8
years and much work, Asplin finally concluded that the “chick
disease” was unrelated to MD.

Apparently, the Blakemore ‘“chick disease virus” was prob-
ably a bacterial contaminant in the nerve-suspension inoculums.
It was carried along with each passage, and the MD that occurred
in survivors after 4 weeks was due to horizontal spread of infec-
tion from contaminated environment.

2) Isolation of lymphoid leukosis virus. With support of a
grant from the American Cancer Society and in response to the
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poultry industry’s request for help to reduce losses from leukosis,
Burmester and Fredrickson, in 1957 to 1960, collected tumors of
chickens of 22 flocks located in all parts of the United States. Some
were broiler-type chickens, and most were less than 5 months old;
some had lesions of only ocular and of neural lymphomatosis, but
most flocks and donor chickens had lymphoid tumors of the viscera
and some nerve enlargement. Undoubtedly we would now give a
diagnosis of MD to most or all of those problem flocks.

The material collected from selected donor birds was frozen
slowly to preserve the infectious agents and stored at —70 C until
prepared for inoculation into the laboratory line-15 chickens highly
susceptible to leukosis (now known to be susceptible to both LL
and MD). The collected material was processed to preserve a viral
agent but to eliminate viable cells, so that the transmitted disease
was induced by an agent that caused the disease in nature rather
than a transplanted cell. The net effect of inoculating 84 different
cell-free preparations was to induce the “big liver disease,” i.e., LL,
and some erythroblastosis and osteopetrosis. There were only a
very few cases of MD.

Thus, LL was successfully transmitted and studied, but the
important field-disease problem we now know as MD was not
transmitted because viable cells were carefully eliminated. We now
know that the herpesvirus of MD as it occurs in tumors is extreme-
ly cell-associated. Only in the feather follicle is it infectious outside
the living cell. Thus, earlier studies of MD were thwarted because
of what was considered a desirable procedure for preparing viral
inoculum.

3) Egg transmission. At the American Veterinary Medical
Association meeting in July 1968, Sevoian first reported that MDV
was transmitted by the egg. His subsequent publication, in Poul-
try Science, did not contain enough detail to determine why and
how he obtained so high a rate of transmission although many
other investigators had failed. Sevoian’s results were in contrast
to much indirect evidence presented by Hutt and Cole in 1948 to
1951 and by others who observed a lack of MD in progeny reared in
isolation from parents with a high incidence of disease. The ques-
tion was laid to rest when Solomon, with others at RPRL, reported
in 1970 on experiments designed to detect embryo transmission.
They found no virus in tissues of 1,180 embryos of nine infected
parental flocks, and all of the 3,387 progeny chickens were sero-
logically negative. One can only conclude that if MD is transmitted
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through the egg, such transmission is not important in the epi-
zootiology of the disease.

4) Transmission to mammalian cells. During 1972 and 1973
many reports from Sevoian’s laboratory and from that of Dr.
Arthur Elliott claimed the growth of MDV in mammalian cells
with either cell-associated or cell-free HVT cells. That finding was
contrary to earlier reports by Calnek and could not be reproduced
in 1974 by Drs. Hlozanek and Sovova or by Witter and Sharma.
The last 2 investigators found that infection persisted only as long
as heterokaryons with avian cell nuclei were present in the hamster
kidney cultures. Also, the fact that Elliott’s cultures were con-
taminated with herpes simplex virus could explain the cytopathic
effects in mammalian cell cultures. Much other evidence, including
a lack of specific antibodies in persons heavily exposed to con-
tamination, refutes the contention that mammalian cells are
susceptible to infection with MDV or HVT.

5) JMV and its vaccine? By rapid passage of the JM strain in
chicks, Sevoian increased its pathogenicity so that it killed almost
all chickens within 14 days. He referred to this variant as JMV. Of
even greater interest was his claim of attenuation of this agent
by rapid passage in embryos. When the attenuated virus was used
as a vaccine against MD, Sevoian claimed that it was effective in
the cell-free state, that it produced no persistent viremia, and that
it prevented an MD viremia. Others, including investigators of
several commercial companies, have failed to confirm those claims.
Investigators in several laboratories in North America have now
shown that most sources of JMV are a transplantable lymphoid
tumor of MD origin. Ms. Ann Stephens, with others at the RPRL,
was not able to recover MDV from JMV tumor cells, and the cells
were devoid of MDV-specific antigens. Some sources of JMV may
have been contaminated with or may have produced MDYV, but
most sources are now free of the virus.

6) “Darkling beetle” of Georgia. During the early 1960’s the
broiler industry of the South experienced increasing losses from
condemnation for leukosis. Experiment station researchers
were besieged with complaints and requests for relief. Drs. C. S.
Eidson and S. C. Schmittle were taken to several new broiler houses
in which many broilers had died of lymphoid tumors. When they
examined carcasses soon after death, they found a large number
of larvae and adult beetles among the feathers and in the subcutis.
The litter of many broiler houses was found teeming with beetles.
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These were identified as the “darkling beetle,” Alphitobius dia-
perinus. In experiments reported in 1966, Eidson and Schmittle
were able to produce a high incidence of MD by feeding or inject-
ing suspensions of beetles collected from a broiler house. Whether
the beetles played an active part or served only as a motile passive
carrier of virus was not established. Other studies failed to show
infectivity of those or other arthropods.

Reticuloendotheliosis

A viral agent was isolated from a moribund turkey submitted
to the Kansas State diagnostic laboratory in October 1957 because
of unexplained deaths in a Kansas commercial flock. Drs. F. R.
Robinson and M. J. Tweihaus (28) transmitted the leukosislike
lesions to young chickens and turkeys, and deaths occurred in 10
days. They tentatively called it visceral lymphomatosis (actually
LL) because the tumorous liver and spleen of the original donor
resembled the usual lesions in chickens with that disease. Because
the work was supported in part by the USDA, Burmester visited
Tweihaus. After examining gross lesions and microscopic sections
and considering the very short latent period, he suggested caution
in calling this a strain of lymphomatosis. Publication was delayed,
and, unfortunately, other work was given higher priority. In 1964
Sevoian obtained the tumor from Tweihaus, called it acute lym-
phomatosis (T strain), obtained 100% mortality in various genetic
lines of chickens, and was able to passage it in embryos. Studies
by Dr. G. H. Theilen and others (82) revealed it to be an oncorna-
virus similar but not identical to the leukosis/sarcoma virus and to
cause what they identified as a reticuloendotheliosis in chickens,
turkeys, and Japanese quail. Similar lesions were produced in
ducklings, goslings, turkeys, pheasants, and guinea keets. The virus
was distinet from the Mill Hill 2 or Murray Begg strain of avian
tumor virus, which belongs to the C subgroup of leukosis/sarcoma
viruses and produces a similar reticuloendotheliosis.

Viruses have long been associated with bird passages of the
malaria parasite, Plasmodium lophurae. Dr. W. Trager, in 1959,
isolated a virus that produced a rapidly fatal disease characterized
especially by enlargement and necrosis of the spleen. He referred
to the virus as spleen necrosis virus. Dr. C. G. Ludford and others
isolated from P. lophurae a virus that causes severe anemia in
ducklings. Purchase found that all of those P. lophurae viruses and
also a virus that Dr. M. K. Cook isolated from a stock of MD tumor
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preparation are antigenically indistinguishable from the strain T
virus.

Reticuloendotheliosis virus has been demonstrated in turkeys
of Australia, Great Britain, Israel, and the United States. It has
caused overt disease in turkeys of those same countries, and lesions
due to reticuloendotheliosis virus contamination of HVT vaccines
have been reported in Australia and Japan.

Conclusion

One of the greatest products of avian disease research is un-
doubtedly the discovery and development of the herpesvirus of tur-
keys vaccine, which has ended the great losses from Marek’s dis-
ease. That vaccine has proved so effective that it is now used al-
most universally in all countries where poultry is produced com-
mercially. Despite its great success, sporadic flocks experience
“vaccine breaks” that result in unusually high rates of mortality.
Also the vaccine virus and the virulent virus persist in vaccinated
exposed birds. Research must continue in an effort to resolve the
vaccine breaks and to develop a nonpersistent vaccine.

Research has not resulted in a useful vaccine against lym-
phoid leukosis. Nevertheless, investigators have developed new
techniques and information which can reduce the impact of the
virus infection by preventing it from developing in the bursa of
Fabricius. In addition, eradication of the disease and its causal
virus is possible. Eradication, in the end, would be much more
satisfactory than continuous use of a tumor prophylactic or a vac-
cine. The poultry breeders in the United States will likely volun-
tarily eliminate avian leukosis viruses from their flocks in the
near future.

Research on the avian tumor viruses has contributed greatly to
an understanding of the basic mechanisms of cell-virus interactions
and transformation to human cancer. It continues to contribute to
the molecular biochemistry of cancer viruses. Genetic engineering
with cancer viruses, being pioneered in the avian tumor virus field,
is one of the most likely routes to better understanding and pre-
vention of cancer in man.

Research on avian tumor viruses has already contributed much
to both agriculture and human medicine. Advances in this field will
likely continue to improve the wellbeing of man on this planet.
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