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A journey with chickens and tumors

Introduction. This personal reflection focuses on the professional career of Richard
Lawrence Witter, veterinarian and scientist. Known as Dick to friends and colleagues, he
contributed to research on Marek’s disease (MD) and other oncogenic viruses of chickens
during a long career at the USDA-ARS Avian Disease and Oncology Laboratory
(ADOL) in East Lansing, MI, which was formerly the Regional Poultry Research
Laboratory (RPRL). Trained in virology, pathology and epizootiology, he specialized in
vaccine development and characterization of MD viruses and the lesions they induced.
He was director and research leader of ADOL for 23 years. He was active in the
American Association of Avian Pathologists, serving as president and in numerous
committee roles. He was involved in international research in the Middle East and the
Former Soviet Union. His research, which contributed to most of the current vaccines
used for MD control, has been recognized by numerous awards and honors. He was
elected to the National Academy of Sciences in 1998. He retired from ADOL in 2002
but continues at this writing to be active in science and veterinary medicine.

Preparing for a career (and life). As the only child of my parents, John Franklin Witter
and Verna Harriet Church, | found my way into the world on September 10, 1936 in
Bangor, ME — just a few miles south of Orono which was home for the first 18 years of



my life. After initially receiving a B.S. at the University of Maryland, my father earned
his D.V.M. at Michigan State College. He spent his entire professional career at the
University of Maine and for many years was the Head of the Department of Animal
Pathology. My mother earned her B.S. and M.S. at Michigan State, majoring in
mathematics, and was the consummate treasurer and record keeper for local
organizations. The Orono years provided rich childhood friendships, a chance at sports,
piano lesions, and a beginning appreciation for the great outdoors. However, it was my
interest in science and academics, coupled with an admiration for my father and his
profession, which launched me towards veterinary school. | recall a high school science
fair project that demonstrated the osteology of the chicken — accomplished after much
boiling of an intact chicken carcass, defleshing and rearticulating. My guide was a book
on the subject by Frank Wilbut Chamberlain. My father frequently extolled the virtues of
food animal medicine and, especially, poultry, which were becoming a significant part of
the agricultural industries in the State of Maine. He also felt it would be desirable for me
to do my pre-veterinary work at Michigan State, rather than at the University of Maine, in
order to improve my chances of acceptance.

I enrolled at Michigan State College in 1954 (it would change its name to University that
same year) in a pre-veterinary undergraduate program. | was accepted into Veterinary
School in 1956 and graduated with a B.S. in 1958 and a DVM in 1960 with high honors.
I worked hard and was probably considered a good student. | was the only person in my
class to receive an “A” in pathogenic bacteriology from the feared professor, John (Black
John) Newman. Black John also taught virology, but this consisted of about 5 lectures
sandwiched into a composite course on Mycology, Virology and Immunology.

Another of my teachers was Dr. Charles Hall, who taught Poultry Pathology 415 in the
Spring of 1959. My notes indicate that Charlie spent 1 % lectures on the avian leukosis
complex, which he considered then to be “the most important disease of chickens.”
However, | did not take much note of this condition at the time. Charlie’s class was very
well received and he was voted “best teacher” by my classmates — not a small accolade
from a group of future dog and cat practitioners. Charlie left shortly for Texas A&M
where he became an important person in avian medicine and, particularly, in the
American Association of Avian Pathologists (AAAP).

Charlie Cunningham was my faculty advisor during my veterinary training, but he did not
teach any of my courses and his stature as a researcher on infectious bronchitis and
organized poultry medicine did not become known to me until | returned to East Lansing
several years later. Cunningham knew my father and ultimately became a good friend
and colleague. 1 also met Dr. Henrik Stafseth, emeritus professor of microbiology, who
had published early research on bacterial diseases of chickens and who, fortuitously for
me, had introduced my parents to each other back in 1930 when both were students at
Michigan State.

During veterinary school, | took a part-time job in the anatomy department, preparing
histological sections. Dr. Lois Calhoun, the department chair, encouraged me to dual
enroll in a graduate program. | actually started this, working on the histology of the



trachea in domestic animals, but ultimately lost interest. There was not enough action for
me. However, this experience resulted in my first scientific publication on the “histology
of the carotid body in six species.”

It is worthy of note that during my 6 years as a student at Michigan State, | do not recall
any mention of a USDA laboratory located on Mt. Hope Road that did research on avian
tumors.

An ancillary accomplishment while at Michigan State was the chance meeting with a
beautiful and talented coed, Joan Elizabeth Denny, as arranged by Otis Patrick, a fellow
veterinary student. Joan and | kept pretty close company during my last 1% years in vet
school and there seemed to be promise for a lasting relationship.

Following graduation from veterinary school in June 1960, I joined the American
Veterinary Medical Association (AVMA), passed State Board Examinations in Maine
and Michigan, and applied to continue my selective service deferment since veterinarians
were still being drafted during this period. Actually, the draft was a concern for the next
10 years — the Vietnam war years — for me and many others.

Training in poultry health research. Somehow, | never seriously considered a career
in veterinary practice, leaning toward more academic applications of my newly acquired
knowledge. | worked two summers in my father’s laboratory at the University of Maine,
even co-authoring a paper with Harold Chute on coccidiosis. Probably with my father’s
advice, letters of inquiry for graduate programs were sent to a number of candidate
universities, including Ben Pomeroy at University of Minnesota, Albert Kleckner of
Georgia, Joseph Alberts at the University of Illinois and P.P. Levine at Cornell
University. Actually, my initial letter to Cornell was addressed to Dr. Peter Olafson,
head of the pathology department, who, fortuitously, forwarded it to Levine. An instant
and positive response from Dr. Levine in October 1959 convinced me that Cornell was to
be my new home although, in my methodical way, | checked out all the options and did
not accept until February 1960. | had no idea just how important this decision would
prove to be.

I used the short summer interval before starting graduate school to work in clinical
poultry diagnostics with Dr. Jerry Rountree at Samuel Lipman Sons in Augusta, Maine.
Lipman was a major broiler integrator and Jerry was the chief health officer, dealing with
disease diagnosis and prevention in market broilers. This experience, and Jerry’s
guidance, helped me establish a sincere appreciation for the practical application of
science in poultry health, an attitude that paid many dividends to my career over the
years. Jerry was also an innovator and free thinker, looking for ways to utilize
knowledge from many sources for the benefit of poultry health. Jerry had trained with
my father and Harold Chute at the University of Maine, so was an old family friend.

I enrolled at Cornell in September 1960 on a Master’s degree program with Drs. P. Philip
Levine and Julius Fabricant. Actually, | was employed as a graduate assistant at an
annual salary of approximately $4400 (big money for me). Dr. Levine was the chair of



my committee but he left the management of my research program largely to Julius.
With no preconceived ideas on the area of research | should choose, | recalled that during
vet school my training in bacteriology was far stronger than in virology, which seemed to
be a new field of emerging importance but was largely unknown to me. Thus, in order to
round out my education, | expressed a desire to work with viruses for my Masters
research. Fortunately, Julius agreed. This was indeed a pivotal decision for me.

At the suggestion of Julius, | worked on application of agar gel precipitin tests for the
diagnosis of infectious bronchitis and Newcastle disease, using a relatively new technique
that was being pioneered for poultry disease diagnosis by a German veterinarian, Helmut
Woernle. Woernle’s papers were published in German and | recall many evenings,
armed with a dictionary, trying to decipher the meaning of his work. Julius supervised
the completion of the M.S. thesis as Dr. Levine was in Israel on sabbatical leave. | was
so inexperienced in authorship that | submitted the paper to Avian Diseases with me as
the sole author — and neither Fabricant nor Levine ever said anything. The oversight only
occurred to me much later.

As | was launching my career in virology, Joan took a teaching job in Cortland, NY, only
20 convenient miles away. We were married on June 30, 1962, about the same time that
I completed requirements for the M.S. degree.

My first formal scientific presentation (on my bronchitis research) was at the
Northeastern Conference on Avian Diseases (NECAD), held in Guelph, Ontario in June
1962. 1 believe Roy Luginbuhl asked the first question — and | somehow survived.

This was also about the time that Bruce Calnek, a former graduate student of Dr.
Levine’s, returned to Cornell after several years on the faculty at the University of
Massachusetts. Bruce was in need of a new project, having just elucidated most of the
complexities of avian encephalomyelitis. Bruce became intrigued with tumor viruses and
ultimately, Levine concurred. In April 1962, Bruce attended a workshop on avian
leukosis held at the RPRL, in East Lansing, Michigan. This was in many respects a
landmark moment in the evolution of tumor virus research in chickens. The issue of one
type of leukosis or two was becoming more intense. Controversy had been brewing for
the last decade with Ben Burmester at the East Lansing laboratory working on leukosis,
which was transmitted by a virus following a long latent period. However, leukosis of a
different type was being seen in genetic research programs at Cornell, directed by Fred
Hutt and Randy Cole, and also in the poultry industry where increased mortality and
condemnations of broilers at processing for tumors was on the rise. There was also the
issue of viral assay. The bioassay for leukosis virus, developed by Burmester required 9
months and lots of chickens. Pioneering work by Harry Rubin of Berkley (1960 and
1961) had created a new test, conducted in tissue culture, which would detect the avian
leukosis virus in less than 3 weeks. This resistance-inducing-factor (RIF) test was a true
breakthrough that would surely speed progress in this emerging area. Although Rubin
apparently did not attend this workshop, the RIF test methodology and its application was
presented by Walt Hughes and several of the East Lansing workers. Bruce returned from
the workshop full of excitement, found me still working at the lab late in the evening



(probably April 26, 1962), and proceeded to discuss with me the possibility of pursuing
this area for my Ph.D. research. | knew little about chicken tumors, but it sounded OK to
me. A committee was soon formed with Dr. Levine as chair and Bruce as my research
(or thesis) advisor. Another defining moment in my career had occurred.

My PhD project was to define the role of maternal antibodies on the epizootiology of
avian leukosis virus infection. | remember use of the terminology “parental antibody”
because somehow it was not yet clear to Dr. Levine whether such antibodies were
derived from the sire or dam. Tissue culture technology was just emerging for chicken
cells when | started my training in Bruce’s lab in July 1962. Our first cultures were in
60mm glass dishes contained in a candle jar (one lit a candle and then closed the lid so
the candle would increase the CO2 level before it extinguished) placed in a
bacteriological incubator. Just the process of obtaining quality monolayer cultures that
would support virus growth, including foci induced by Rous sarcoma virus, was a major
achievement. These were cutting edge techniques at the time. Part of the project entailed
inoculating chickens with avian leukosis virus (which was termed resistance-inducing-
factor or RIF virus in my thesis) to create antibody-positive breeders. Virus-free chicks
from these breeders were maintained as controls in a pen-type isolation unit. In one
study, the uninoculated control chicks developed tumors and nerve lesions at about 15
weeks but remained free of RIF virus or antibody. Of course, this was MD, although we
called it “non-RIF lymphomatosis,” which resulted from accidental exposure. This
accident helped establish separate etiologies for MD and avian leukosis, which was an
important unresolved issue at the time and was arguably more important that the principal
objective of the work. | recall a job interview seminar given in East Lansing where Ben
Burmester seemed interested only in this accidental infection story. This was the first of
several unplanned events that produced research opportunities of unusual value in my
career

Jobs were plentiful in the mid 60’s. | interviewed with Bill Patterson at the Southeast
Poultry Research Laboratory in Athens, GA, with Bill Pounden at Wooster, OH, and with
Ben Burmester at the RPRL in East Lansing, MIl. My knowledge of an opening in East
Lansing came from Bruce following his chance conversation with Burmester at a
meeting. | wrote to Burmester in December 1963, carefully explaining that | would be
available only if a Cornell grant application to NIH was not approved (it was not).
Several offers were tendered but the East Lansing job was especially attractive as it
would keep me in the field of avian tumors and appeared to offer the best research
environment. In retrospect, this was exactly the right choice. | started the East Lansing
job on September 8, 1964 at an annual salary of $10,400 (grade GS-12). My choice may,
indirectly, have had an impact on the careers of Charlie Beard and Mo Saif, who were
hired and developed stellar careers at Athens and Wooster, respectively, in this same time
frame. In the same way, the decision by Torgny Fredrickson to resign his position at East
Lansing in 1963 paved the way for the position that was offered to me.

Getting started in East Lansing. Ben Burmester, in 1964, had just become director of
the RPRL and was probably at the height of his distinguished career. He was famous for
elucidating the viral etiology of lymphoid leukosis and was a close colleague of others



involved in the first wave of viral cancer biology including Ludwig Gross, Joe Beard,
Carl Olsen, Frank Rauscher, Werner Schéfer and others. Ben proved to be a role model
and mentor for me, which only many years later was fully appreciated and
acknowledged. However, I recall holding Ben in high regard from the very first, and |
consulted with him often on questions of experimental design in the early years. Since
Ben wanted me to work on *“acute leukosis”, the new form of lymphoid tumors in
chickens that were causing increasing losses in both broilers and layers, | prepared a
phase of work designated as RPRL project 10, phase 17. At this moment, | was the one
person of the 8-9 person staff who was working on this type of leukosis. That would
change dramatically over the next several years, but it gave me some breathing space to
start my career. We started in October 1964 with some frozen tumor, held in chunks at -
70 C., that was labeled strain JM. Chickens had been inoculated with JM tumor at Marty
Sevoian’s lab at the University of Massachusetts in June, 1962 and carried back to RPRL
by my predecessor, Torg Fredrickson. The tumor was then passed in chickens two
additional times and frozen. | ground up this material and inoculated newly hatched line
7 chickens which were housed in rooms of a wooden barracks building, formerly used as
post-war student housing at Michigan State. Amazingly, considering with hindsight that
inocula stored under these conditions should have little or no MD infectivity, the
chickens developed clinical signs of leukosis at about 3 weeks of age, along with
enlarged peripheral nerves and tumors. My career in MD was launched.

I was given in 1965 a courtesy appointment in the Veterinary Pathology Department at
Michigan State University, then chaired by Cleon Morrill, a former classmate and close
friend of my father. This appointment and my relationship with Michigan State has
continued to the present, being supported in recent years by Willie Reed. The strong
connection with Michigan State University over the years has been important to me and
also to ADOL.

I did not have to wait long for my research program to gain public attention. In the
winter of 1965, the wooden barracks building housing several of my first chicken
experiments burned to the ground, probably because of a malfunction of the old oil
heaters, and | was suddenly in the local newspapers.

The Technical Workshop Conference on Diseases of the Avian Leukosis Complex,
jointly sponsored by ADOL and the University of Georgia, was held in Athens, GA
October 13-15, 1965. This was my first opportunity to rub shoulders with the then great
figures in the field. Besides Marty Sevoian, who | had met while a student at Cornell, the
41 participants included Peter Biggs, Jim Payne, Bob Huebner, Max Cooper, Peter VVogt
and many others. This was probably the point at which laboratories in the United States
began using the new nomenclature, “Marek’s disease,” which had been adopted by the
World Veterinary Poultry Association in 1961 but had been largely ignored in the US.
The industry was also very interested as the disease was gaining momentum. Nobody
understood its etiology and methods for control were nonexistent — but many speakers
referred to MD strains as a “virus,” even though there was no proof of this. Incidentally,
Jim Payne was at the RPRL on a sabbatical leave in 1965 working with Lyman
Crittenden on avian leukosis genetics during which time we became lifelong friends.



An early project, initiated by Burmester with some input from me, was to install isolators
at the RPRL, as containment housing appeared to be the key to MD transmission work by
both Sevoian and Biggs. | visited the National Animal Disease Center at Ames, IA in
October 1964 to inspect plexiglass isolators in use there. Burmester and I ultimately
designed a modified Horsfall-Bauer isolator which was fabricated from stainless steel.
We bought and installed 62 isolators in 1965 and another 120 in 1966. These isolators
proved invaluable to our MD research and are still functioning well at this writing more
than 40 years later.

The other key ingredient in successful transmission of MD virus was a source of
susceptible chickens. The RPRL line 7 chicken, developed by geneticist Nelson Waters
and subsequently maintained by Lyman Crittenden, proved to be highly susceptible to
MD (similar to the Cornell S Line). In later years, we utilized an F; cross (15x7) which
Crittenden found to be nearly as susceptible and much more vigorous.

The availability of a large number of isolators and internally produced susceptible
chickens were critical for the work that lay ahead, and probably provided RPRL (and me)
an advantage over many other laboratories.

The HVT Story. This section provides historical information on the role | and other
ADOL scientists played in the isolation of MD virus, the subsequent isolation of turkey
herpesvirus, and the development of the first United States vaccine for MD. This series
of events was of huge importance to science and agriculture, and was also pivotal for me,
personally. As this was perhaps the signature contribution of my career, a detailed
chronology follows.

My earliest efforts on MD research at the RPRL were directed to isolating an etiological
agent, using chicken cell cultures. Although it is possible that some virus may have been
present in inoculated bone marrow cell cultures in my studies, it was the use of duck
embryo fibroblasts (DEF), fortuitously introduced to our lab by Bart Rispens who was
doing a sabbatical with Graham Purchase on avian leukosis virus, which proved to be the
appropriate system. John Solomon, who was working under my supervision at the time,
was a specialist in tissue culture and was already growing DEF in his lab. He, like many
other workers, was inoculating all types of available cultured cells with MD tumor
material. John probably first observed cytopathic effects in DEF following inoculation
with blood from MD affected chickens, in January of 1967. Chickens were quickly
inoculated with these cultures and began to die on day 22. | remember well the moment
when | visited the isolator and was amazed to see every inoculated chicken with advanced
clinical MD - a dramatic sight with obvious significance. These exciting data were
presented during the RPRL quarterly reports (an internal review) in March, 1967, and
launched a flurry of activity. Keyvan Nazerian employed electron microscopy to
determine that these cultures contained a herpesvirus. The ADOL group, led by
Nazerian, reported our results at the AAAP Leukosis Workshop on the morning of July
8th in the Hotel Adolphus in Dallas, TX as part of the 1967 AVMA meeting. At the
same workshop, Peter Biggs also reported evidence from his group at the Houghton



Poultry Research Station (Houghton) in England that MD was caused by a herpesvirus,
information that we first learned during a visit by Biggs to RPRL just prior to the Dallas
meeting. This was indeed a spectacular moment when, for the first time, the etiology of
the disease was revealed, first to the 19 workshop participants and subsequently to the
world. The scientific community, the poultry industry and the news media took
appropriate note of this event.

The relationship between RPRL and Houghton was both competitive and friendly. Biggs
had visited with Burmester at RPRL in the early 1960s, as Biggs was preparing to launch
his own career in avian tumor viruses. They established a strong friendship which later
extended to other scientists in both labs. More than 40 years later, | still consider Biggs
and Payne to be among my closest friends and colleagues. However, the two labs
worked on the same subjects and competition was inevitable. In July 1967, the Biggs
group had more data to support the herpesvirus etiology of MD than RPRL and managed
to publish first — although we both had reached the same conclusion. It seemed to me,
looking back, that Houghton was frequently a step ahead although the RPRL had its own
moments. The accomplishments of this period were probably sufficient to satisfy egos on
both sides of the ocean.

The next year (1968) my research schedule was filled with efforts to confirm that this
herpesvirus was indeed the cause of MD, using circumstantial proofs. This was some of
my best work, but it pales in history because it simply confirmed what had already been
suggested to be true, and was similar to parallel studies by Biggs. However, there were
prominent persons, including Robert Huebner at the National Cancer Institute, who felt
strongly that all cancer was related to retroviral oncogenes, and these objections had to be
overcome.

By the fall of 1968, | began to utilize the newly available techniques of virus isolation
and antibody detection to study the epizootiology of MD virus (RPRL project 46). 1
started a major project on broiler flock infection with MD virus, using samples sent from
Georgia by Jim Moulthrop. However, it also occurred to me that a study of turkey flocks
might be fruitful, especially since turkeys had sporadically developed lymphoid tumors
that might be MD. RPRL had a relationship with Dr. Joe Ostendorf, a veterinary
practitioner in Milford, IN who sent us 10 live turkeys from a 23 week old flock on the
Ernie Schrock farm located in New Paris, IN. Some lymphoid tumors had been noted in
this flock. The turkeys arrived at RPRL on September 24, 1968 and blood and kidney
tissues were collected. We immediately inoculated chicken kidney and duck embryo
fibroblast cultures and a few days later my technician, Harvey Burgoyne, asked me to
examine one of the cultures because he had observed something strange. In fact, cellular
inocula from 8 of 10 turkeys had induced cytopathic effects in either DEF or chick
kidney cultures. The cytopathic effects (plagues) were much larger than and easily
distinguished from those of MD virus, although certain similarities were apparent. This
time, when we inoculated infected cultures into chickens or turkeys, nothing happened.
However, the serum from inoculated chickens reacted with MD viral antigens by
immunofluorescence and other tests, indicating that this virus shared an antigenic
relationship to MD. We named our original strain “FC126” because at the time there was



a single book to record field case accessions for the entire lab, initiated by Frank Siccardi.
This accession was recorded as field case 126 in this book. | subsequently started my
own series of accession numbers, many of which became names for future virus isolates,
but FC126 stuck. At the American Cyanamid 10™ Poultry Pathologists Conference held
at the Nassau Inn in Princeton, NJ in November, 1968, | met Dave Anderson, then
working at the University of Wisconsin. While standing in line for lunch, I learned for
the first time of his findings, obtained with the help of Hitoshi Kawamura, of a
herpesvirus isolated from cell cultures prepared from kidneys from adult turkeys. I also
shared my findings, which at this moment were only a couple of months old. Dave
generously sent me his isolate (WTHV-1) which proved to be similar to ours. This was a
time when it was easy to share data and materials prior to publication.

The Wisconsin group published on HVT first (in 1969) but failed to recognize the
antigenic association of this virus with MD virus. Our study, published in 1970, revealed
this antigenic relationship which, of course, was the key to its ultimate use as a vaccine.
We saw immediately what needed to be done and had the resources to accomplish it. In
contrast, shortly after their report Kawamura returned to Japan and Anderson left
Wisconsin for Georgia. Thus, circumstances favored East Lansing and illustrate how
fragile is the process of discovery.

While all this was going on, Tony Churchill and others at Houghton had published on a
successful vaccine for MD, prepared by classical attenuation of the virulent HPRS-16
strain. At our lab, Bill Okazaki immediately started to attenuate some of the RPRL
strains of MD virus and test them as vaccines with help from Graham Purchase. It
seemed natural to me at the time to offer our FC126 isolate to Okazaki for testing as a
vaccine in his established system. He did, and the rest is history. Peter Biggs asked me
once why | gave up FC126 for someone else to develop as a vaccine. In retrospect,
however, | gained much from my role in the development of the FC126 vaccine, even
though my name did not appear on the seminal paper.

In 1969, | was scheduled to attend and present papers at two summer meetings, NECAD
and the American Veterinary Medical Association (AVMA) meetings which included the
program of the American Association of Avian Pathologists. To AVMA, | submitted my
work on epidemiology of MD virus in broiler flocks, thinking this would be my most
important work. The lesser paper, on turkey herpesvirus, was submitted to the 41%
NECAD meeting in Orono, ME. However, history will record my presentation on June
23,1969 in Orono as one that attracted the most attention — it effectively, although
unintentionally, announced the development of a MD vaccine. No protection data were
presented but following the presentation a question from the audience asked whether this
virus induced protection and my answer, that preliminary results were “very promising,”
was sufficient to let the cat out of the bag. Results of protection tests with FC126 would
be presented by Okazaki and Purchase later, and showed dramatic benefit, both in
laboratory and field trials. Another landmark achievement in the history of MD was in
hand. Application of this vaccine to industry is best marked from the issuance of the first
federal licenses for production on March 1, 1971, although some state licenses for HVT



were issued earlier and some poultry operations without HVT vaccine utilized whole
blood from commercial turkeys (but this is another story).

Nomenclature was an issue. We initially referred to turkey herpesvirus by the obvious
acronym, THV. Immediately following my presentation at Orono, Bruce Calnek stood
up and reminded me that THV had been preempted by Glenn Snoeyenbos for turkey
hepatitis virus. This prompted our group at RPRL to reevaluate, and create at my
suggestion the unwieldy designation, herpesvirus of turkeys (HVT), which became the
official designation in my 1970 paper. This nomenclature has stuck well, but I regret
caving in on this issue and continue to occasionally refer to the virus as turkey
herpesvirus (HVT). Turkey hepatitis virus, now known as turkey viral hepatitis (TVH)
virus, has remained obscure.

The technology was the subject of one of the early patents undertaken by USDA and
when USDA declined to pursue foreign rights, these were returned to the inventors
(Okazaki, Purchase, Burmester and me). Patents were new in agricultural science and the
possibility that government scientists could benefit financially from their work was novel
and, in some cases, distasteful to other colleagues. The USDA provided royalty-free
licenses to several US companies. Merck Inc., under the guidance of Maurice Hilleman,
licensed the foreign rights. This might have made us all wealthy except for two
circumstances. First, my initial paper on the turkey herpesvirus contained one famous
sentence in the discussion (pg. 537, paragraph 2) citing unpublished RPRL data on the
ability of HVT to protect against MD, and my paper was published a few days outside the
12 month grace period before the patent was filed, effectively invalidating it. Second,
Merck was a neophyte in the poultry vaccine business and could not compete against
existing poultry vaccine companies in either the domestic or foreign markets and soon
abandoned this business, thus royalties were minimal. Obviously, we inventors were also
neophytes. In later years policies were changed so that domestic patent rights would
have generated royalties with a share going to inventors. The failure to capitalize
financially was never an issue to me. Our group looked askance at Tony Churchill, a
researcher who started his own MD vaccine company about this time and became
wealthy. | received a life-long benefit through the enhancement of my reputation which
was something money could not buy. This was plenty good enough for me. My
colleagues (Burmester, Purchase and Okazaki) probably received less benefit because
each of them soon left the field of MD research for various reasons.

The development of the HVT vaccine and its commercial use was widely recognized.
Maurice Hilleman, an outstanding vaccinologist at the Merck Institute for Therapeutic
Research said that this was “the most outstanding achievement in the virus cancer field in
the last decade or two.” Reed Rumsey, of DeKalb AgResearch Inc. said “we have seen a
near miracle occur in the control of a disease that just 2 years ago was the scourge of our
industry.” The percent of commercial broilers condemned for leukosis dropped by 90%
within 3 years after introduction of the vaccine. Layer livability surged and resulted in a
glut of eggs. This was indeed a happy time, but was not to last long.



Reflections on the bigger MD story. The work at ADOL on the etiology of and a
vaccine for MD, was only one part of the story. The evolution of knowledge on MD
culminating with the licensing of a vaccine in the United States, mainly from 1961 to
1971, has been documented in many places and was the subject of a special historical
program held as part of the 5™ International Symposium on Marek’s Disease in 1996.
This period was so big and so important that it will surely be viewed differently by the
persons involved. The following are a few of my personal recollections.

Interest in MD was driven by a major increase in broiler condemnations, much easier to
measure after the advent of federal inspection data in 1961, and layer mortality. Even in
the early 1960s, the economic impact was of great concern, and this only became worse
with each passing year. MD was clearly the most important poultry disease by a wide
margin. The origin of the problem in Delmarva and subsequent spread to the southern
broiler states was duly noted, but nobody really understood what was going on. Other
countries were also involved, but this attracted less attention.

Then, as now, the broiler and layer industries had a number of prominent spokespersons
in the health area who were looking for ways to control MD losses. At ADOL, frequent
visits by Walter Staples (Cobb), Carl Weston (Hubbard), Egon Vielitz (Lohmann) and
others provided a glimpse into the real world. The questions were always the same,
“what have you learned lately?”” and “what can we do to reduce our losses?” There were
few answers but our industry contacts were a critical source of field data and
experimental materials.

Money for research started to flow. By the mid 1960s, ADOL was dispensing money on
contract to a number of laboratories including Massachusetts (Marty Sevoian), Georgia
(Sam Schmittle and Caswell Eidson), Arkansas (Joe Beasley), Cornell (Randy Cole),
California (Ray Bankowski), Connecticut (Roy Luginbuhl) and Washington State (Sam
Kenzy). In addition, money from the National Institutes of Health was available due to
the interest in virus-induced cancer in animals. Thus, many new laboratories were
entering the MD research community, each trying to contribute in their own way. This
was a healthy situation but at the time it seemed chaotic and competitive. Everybody
seemed to recognize that the stakes were large. A backdrop to this scenario was the
emphasis placed by the National Cancer Institute (NCI) on cancer virology, prompted by
a prevailing but misguided view that animal virus systems would be good models for
human cancer. Funds for the contracts above were derived from the NCI Special Virus
Cancer Program. NCI continued to fund MD research for many years.

The poultry industry was desperate and not inclined to wait for the ivory tower folks to
develop answers. Many strategies were attempted, with generally poor success. The
“new house syndrome” reflected the propensity of chickens in a new house to develop
severe MD and caused some to seed houses with old litter. Once HVT was isolated,
producers would inoculate chicks with turkey blood in hopes of providing protection. In
1970, an AAAP resolution to urge the quick licensing of MD vaccines was motivated in
part by a desire to curb the use of turkey blood and other empirical techniques.



The major successes of the period need little attention here; each was confirmed quickly
and proved to be building blocks for advancement of knowledge. However, a number of
reports created temporary excitement but proved to be blind alleys when they could not
be confirmed by other laboratories. Examples would include: (1) darkling beetles are an
important method of transmission, (2) MD is egg transmitted, (3) JIMV is a cell-free virus
of high virulence, (4) MD virus can be grown in mammalian cells, (5) retroviruses are
required for induction of MD, and (6) MD is a public health hazard. As one who was
directly involved in refuting several of the above, | can attest to the effort required and
the strain this sometime caused on personal relationships. However, at the end of the
day, the scientific method worked.

The administrative years. As a staff member, there were various administrative roles to
be played out. In the early 1970s, | helped reorganize the laboratory breeding flock
testing program with Howard Stone. | also was instrumental in starting a weekly
lunchtime research group discussion so that senior staff could share results with all on a
timely basis. This type of weekly research discussion has been maintained at ADOL,
with some modifications, to the present day.

In December, 1974, Ben Burmester abruptly announced his retirement, to be effective in
a month. 1 was asked to step in as the acting director in January 1975 pending a national
search. The search commenced, with colleagues Lyman Crittenden, Graham Purchase
and Padman Sarma in the running. | submitted my own application in May 1975,
brazenly specifying that “my acceptance of the position of Director would be contingent
on the successful negotiation of ways to limit the non-research administrative duties.” |
was in Tubingen, Germany in July 1975 when the United States Consulate called with the
news that | had been selected. Another chapter begins for me, at age 38.

The challenges of administration were considerable, especially for one who had minimal
prior experience. There were budgets, personnel and physical plant problems. My
request for ways to limit non-research duties (above) had fallen on deaf ears. There was
the need to provide direction for the lab research program. It was also essential for me to
maintain my personal research, as my evaluations were still based mostly on research
productivity. All of a sudden | even had a secretary, and supervised a farm manager,
maintenance manager, and administrative officer. Dora Post (Westbrook) was my
secretary for many of these administrative years.

In my 23 years as director and research leader, I hired many new staff including principal
scientists Aly Fadly, Larry Bacon, Bob Silva, Hans Cheng and Henry Hunt. We focused
mainly on MD and avian retroviruses, but there were several new initiatives. In the
1970s, | started a new program on infectious bursal disease and hemorrhagic enteritis of
turkeys, in order to achieve more diversity. I launched a viral vector program in the
1980s, which ultimately focused on fowlpox vectors. | supported a change in our
traditional genetics program to embrace the new field of genomics, mostly at the urging
of Lyman Crittenden. | attempted to launch an effort in transgenic chickens, sending
Larry Bacon to the University of Guelph for a year to work with Rob Etches, but this
ultimately floundered and was abandoned. When myeloid tumors in broiler breeders



became an industry problem in the 1990s, I instituted a crash program on the causative
virus, avian leukosis virus subgroup J (ALV-J). This was a successful venture and
assisted the industry in dealing with a significant economic problem.

The ADOL celebrated its 50" anniversary on the 16" of June, 1989. Peter Biggs (from
Houghton), Dean Plowman (administrator of ARS) and many other dignitaries attended
and presented accolades to the laboratory for its many contributions. As one would
expect, I was very much involved with this activity, and many of our staff played
significant roles.

The ADOL hosted the 5™ International Symposium on Marek’s disease which was held
in East Lansing in September, 1996. | co-chaired with Lee Velicer this 4 year effort
which featured a historical theme (Legacy of the 1960°s) that celebrated the anniversary
of the many major findings on MD during the subject decade. Carol Cardona worked
closely with me on the historical part which featured a workshop with many of the
original scientific contributors. A video was produced of this workshop and with
interviews with several of the principals. This video is sold by AAAP and is deposited in
its historical archives. Coincidentally, the symposium banquet was held on my 60™
birthday, which was well celebrated by those present.

In my role as laboratory director, I tried hard to improve the research environment at
ADOL. Following a strategic planning conference in 1988, | created an industry liaison
group which met several times in the 1990s to advise us on programs and other issues.
Effective May 17, 1991 we changed the name of the laboratory from RPRL to ADOL to
improve our image with our public. When outside consultants were brought in to discuss
communication issues and improve the workplace environment, | realized the extent to
which the leader of a group is responsible for its culture. | was perceived for a time as
having some talent as an administrator, and was even invited to give lectures to outside
laboratories on my various leadership initiatives. Starting in about 1988, a need for
improved physical facilities was identified and enough support from ARS was obtained
to initiate planning, a process that went on for years and consumed untold hours of staff
effort. Perhaps my greatest career disappointment was the ultimate failure to receive
construction funds that would have provided ADOL with a world class physical plant.
On the other hand, occasionally adversity could be turned into a success. When called to
task for violation of a wetland ordinance on our 50 acre property, we shifted course,
established a 4 acre wetland improvement area and were the recipient of a USDA award
in 1988 for the effort.

During my watch, others at ADOL made many significant contributions of which I was
most proud. Improved diagnostic tests for avian leukosis virus by Lloyd Spencer
(visiting scientist), development of in ovo vaccine technology for MD by Jagdev Sharma,
monoclonal antibodies against MD virus by Lucy Lee, the first transgenic chickens by
Lyman Crittenden and Don Salter, a credible vaccine for hemorrhagic enteritis virus of
turkeys by Keyvan Nazerian, new diagnostics for avian leukosis virus subgroup J by Aly
Fadly, elucidation of lymphoid leukosis enhancement by serotype 2 MD virus by Larry
Bacon, the genome sequence of MD virus by Lucy Lee, and a genomics program led by



Hans Cheng that has identified many markers and led ultimately to the sequencing of the
chicken genome are just a few of the many highlights that occurred in my era. Truly,
ADOL appeared to me to be special. The scientists there established a tradition of
excellence by blending high science with practical application. Productivity per square
inch of laboratory bench space was undoubtedly at the top of the list. Times are harder
now, but I am grateful for the chance to experience some wonderful years at ADOL in
the company of highly skilled colleagues.

Research — my first love. My personal research focused on MD, with occasional
digressions with REV and ALV. Most of the work was accomplished solo, with the help
of one or more technicians, although I collaborated often with other senior investigators.
The decision in 1980 to select Barbara Riegle for the open position as my principal
technician was a key to my productivity in subsequent years. She managed my personal
research with a minimum of supervision until my retirement during a period when my life
was filled with heavy administrative responsibilities. Every once in a while there would
be a contribution of significance, or at least of personal satisfaction.

As my career progressed, there seemed to be a paradigm shift from individual studies to
what might be termed “great projects.” It was easy for me to maintain several long term
projects at the same time, some of which might continue for 20 years or more. | will
relate just a few examples, small and large, by way of illustration.

e MATSA - just before becoming director, | was involved with Ann Stephens with
research, stimulated by a publication from Patrick Powell at Houghton, on tumor
antigens in MD. Ann and | crashed hard for several months using the JMV tumor
transplant model and produced a paper that established the nomenclature and
some properties of the antigen, but did not define it (MATSA = Marek’s
associated tumor specific antigen). This antigen spawned follow up work by
numerous workers, but ultimately was determined to be a host antigen and interest
decreased.

e Bivalent vaccine and synergism — | reentered the MD vaccine business in the late
1970s with HVT and two new strains, my attenuated serotype 1 virus (Md11/75C)
and the SB-1 strain from the Cornell group. None of these strains offered good
protection alone against challenge with hot field strains, but | followed a casual
suggestion by Abdu EI Mubarak, a visitor from Sudan, that the several vaccines
should be tried together as a polyvalent cocktail. This approach gave a dramatic
improvement on the first try and was included in a paper | submitted in April
1981 (published in 1982). USDA-ARS published a news release in August 1981
which was picked up by several trade publications. | published more details of
synergism between HVT and SB-1 in 1983 and 1984, and continued to work on
synergism for the next 10 years. Even though Schat included data that bivalent
vaccines improved protection in line P (but not PDRC or line N) chickens in his
1982 paper on characterization of the RB1B strain, | knew nothing of this when
my research on synergism was initiated. Because of my several publications on
bivalent vaccines and protective synergism, | feel like something of a father to




this technology, although much of the credit went to Cornell because of the
widespread use of the SB-1 strain. Without synergism, however, it seems
unlikely that SB-1 or any other serotype 2 vaccine strain would have been
successful.

REV - Sometime about 1968 ADOL received several samples of strain T
reticuloendotheliosis virus (REV) and also of chick syncytial virus, which was
initially associated with the CAL-1 strain of MD virus. Although Graham
Purchase was driving much of the original work, | developed an academic
interest in this new type of avian retrovirus. In 1970 | described enlarged nerves
in REV-inoculated chickens, a finding of interest to me since enlarged nerves
were previously considered pathognomonic for MD. Later, with help from
Lyman Crittenden and others, | described induction of both B and T lymphomas
in chickens by REV and conducted studies on tolerance and shedding,
immunodepression, and field prevalence. All this established me as something of
an expert in the pathology and epizootiology of this virus.

Insertional mutagenesis — An accidental contamination by REV of the JM strain
of MDV during serial passage in my lab during the 1970s paved the way for
Hsing-Jien Kung to describe in 1992 the insertion of retroviral DNA into
herpesvirus, which was at that time a unique phenomenon in biology. Hsing-Jien
provided the brains, but | provided the materials and later characterized the RM1
strain which consisted of the JM strain of MDV with an REV LTR insert. This
natural recombinant virus proved to be a candidate vaccine strain.

New MD vaccines. In the 1980s and 1990s, | developed and evaluated a series of
new candidate vaccine strains, including (but not limited to) 301B/1 and 471B/1
(serotype 2) and R2, R2/23, 648A/80, RM1 and CV1988/BP5 (serotype 1).
Although 4 of these strains were patented, only 301B/1 achieved significant
commercial use. | also conducted a critical evaluation of the CVV1988 strain and
my paper at the 1992 International Symposium on MD in Amsterdam on the
superior efficacy of this strain helped speed its introduction to the United States.
A number of challenge models for vaccine evaluation under laboratory conditions
were developed and improved. However, | eventually concluded that large scale
challenge under semi-commercial conditions, such as that conducted by Kenton
Kreager at Hy-Line International, was superior.

Evolution of virulence — Following a suggestion from Graham Purchase, then a
National Program Leader with ARS in Beltsville, | isolated a clutch of MDVs
from field flocks in the late 1970s and early 1980s and described the vv
pathotype. This initiative was stimulated by observations by Caswell Eidson in
Georgia of MD virus strains with increased virulence and reports of field
problems from Delmarva — and continued off and on for 25 years. The term vv
was a take off on the velogenic viscerotropic Newcastle disease virus, and
initially designated a “virulent variant” strain. Calnek objected to the word
“variant” because it was not an antigenic variant. | revised the manuscript and




ultimately designated the virus as a “very virulent” strain (vwMDV). Later, in the
1990s, I isolated additional viruses and described a further pathotype, designated
as vv+. My 1997 paper on the evolution of virulence in MD has been cited more
times than most of the others, and my original diagram illustrating this step-wise
phenomenon has been reproduced so many times by various speakers that it
brings a smile or chuckle when somebody new rolls it out.

My research career had several distinct phases. The initial phase concerned with MD
etiology and HVT vaccine was a circumstance of time and place — one simply went with
the flow as the goals were obvious. Then came a less inspired period during the 1970s
when | tried a number of ideas, some more productive than others. By the end of the
1970s, however, | made two decisions that set the stage for the rest of my career. One
was to start isolating MD virus from the field in order to characterize its evolving
properties. The other was to get serious about the development of improved vaccines.

At least some of my research attracted attention from peers. | received the P.P. Levine
award 5 times for the best paper published in Avian Diseases and once received the Bart
Rispens award for the best paper published in Avian Pathology. In addition, my
description of HVT, published in the American Journal of Veterinary Research, was
recognized by ISl as a citation classic (a high number of citations). | was a junior author
on two other best paper award publications in Avian Diseases, authored by Aly Fadly and
Larry Bacon, respectively.

I was also recognized within my agency, the ARS, through regular promotions which
were always based on research achievement, rather than administrative accomplishment.
I entered federal service at grade GS-12 and, after promotions at each of 5 successive
evaluations, attained in 1990 grade GS-17 (considered a “supergrade” in federal service).

Equally meaningful were the frequent invitations to present lectures, sometimes in quite
exotic places. The keynote talks and a number of other special presentations stand out in
my mind. Probably the most notable of these was the Bart Rispens Lecture presented in
2000 to the International Symposium on Marek’s Disease, in Montreal. But there were
many others.

My relationship with the AAAP. | joined AAAP in 1963, after | had satisfied the then
requirement for 3 years of experience in the poultry field. My application, mailed in
June, was approved first by Bill Benton, chair of the membership committee. The letter
of final approval was posted by Glenn Snoeyenbos on December 18" — along with a bill
for a $5 initiation fee and $8 due