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President of the Board of Managers, Mr. C. O. Flagg (who was
also Director of the Station), reported (22) that on February 12,
1891, the Board had voted to establish a Poultry Division and had
“arranged with the Apiarist of the Station, Mr. Samuel Cushman,
to take charge of the work. Considerable experience in the raising
of thoroughbred fowls qualifies him for the enterprise.” A recent
account (30) refers to that appointment as creating the first “full-
time” college poultryman, but Cushman actually served in the dual
capacity of “Apiarist and Poultry Manager,” and remained so in
their listing.

In September 1893, Cushman published the most comprehen-
sive of the reports he was to make during his 5 years as Poultry
Manager: a bulletin on the production of turkeys (19). It neces-
sarily drew heavily on the observations of the many growers that
Cushman had very wisely consulted during his earlier orientation
period. The disease the growers called “Black Head” or Black-
head” was given prominent attention, as were growers’ views con-
cerning suspected causes and the circumstances that favored or
discouraged its prevalence. In his report for the year 1893 (20),
published early in 1894, Cushman first used the term “Black
Head,” which, in a brief appeal to growers for cooperation, he
attributed (by implication) to their own usage. By that time, Cush-
man and his colleagues were as alarmed as Rice had been 3 years
earlier. But Rice had long since left the Station, his report on the
“Disease among Turkeys” having been a part of his last report as
Veterinarian on the Station Staff.

Cushman served well, but he was not trained as an epidemi-
ologist or pathologist. Consequently, in the fall of 1893 he very
wisely sent the viscera of a diseased turkey to the Bureau of Ani-
mal Industry, where they were received for study by Dr. Theobald
Smith, one of the ablest pathologists of his time. In April 1894,
Cushman sent Smith the viscera of another affected turkey, and
in June, those of a third. In one of the most concise and challeng-
ing statements ever to introduce an important contribution in
parasitology, Smith wrote of these three specimens:

“The changes induced by this affection were so peculiar and
yet so uniform in these three cases that a specific infectious dis-
ease could not but suggest itself on even superficial examination. A
careful study of this material convinced the writer that the cause
of this disease was a protozoan parasite not hitherto recognized”
(48).
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Armed with the above convictions, Smith spent 3 weeks in
Rhode Island in August 1894, collecting and examining 46 turkeys
of various ages, all obviously ill. Of these, 16 had blackhead, the
disease that Smith was to term “infectious entero-hepatitis.” Be-
fore actually making his classic report, in 1895, Smith examined
three more turkeys, one obtained locally and two others sent by
Cushman, bringing to 52 the total number of birds examined. Of
these, 19 had involvement of one or both ceca and the liver, and
two others had only cecal involvement. Smith’s records were so pre-
cise that even today his data tell us much about the circumstances
of the time in the light of information developed only in the past
two decades. His description of the pathological changes that
characterized the disease was adequate for decades to come; and
despite numerous challenges, the specific protozoan that he desig-
nated as the causal agent is almost universally accepted. The
generic name has been changed. Originally, Smith tentatively
called the organism “Amoeba meleagridis,” largely because of “its
simple structure” and the resemblance of the disease to amoebic
dysentery in man. Many years later, when he had better equip-
ment available and his early designation had been heavily criti-
cized by a small body of workers who confused blackhead and coc-
cidiosis, Smith reopened his studies. He had to retract nothing,
but conceded that the generic name tentatively assigned in 1895
might need to be changed (50).

From 1900 to 1906, Dr. Cooper Curtice, a parasitologist, was
employed by the Rhode Island Agricultural Experiment Station to
study blackhead. At first he had neither facilities nor turkeys, and
he had an assistant only in his final year. But despite those dif-
ficulties, he made important contributions to our knowledge of the
transmission of blackhead (17,18). He attributed its spread to the
association of turkeys with chickens, the latter birds carrying and
disseminating the blackhead parasites without showing evidence
of the disease. He also showed that earthworms from soil con-
taminated by chickens occupancy transmitted the blackhead para-
site to turkeys. No one knew of the role of the cecal worm,
Heterakis gallinarum, at that time. Curtice also provided very per-
suasive evidence that the blackhead parasite was not transmitted
by the birds’ eggs.

Hardly had Curtice left the Station before his successors,
L. J. Cole and P. B. Hadley, pronounced blackhead a form of coc-
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cidiosis, and Smith’s organism a stage in the life cycle of the coc-
cidian (11), a view that had already appeared in some texts in
Europe. Smith, then at Harvard, was incensed, resumed his
studies on blackhead, and retaliated with a scathing denunciation
of Cole and Hadley for confusing the two diseases and their causal

. The “Big Four” in the control of blackhead in turkeys. 1) Theo-
bald Smlth 1889; 2) Ceoper Curtice, about 1930; 3) E. E. Tyzzer, 1929; 4)
William A. Blllmgs, about 1958.



Research on poultry parasites 469

agents (49). Cole, a geneticist and having only a minor role in the
regrettable confusion (although nominally in charge of the poul-
try work at the Rhode Island Experiment Station as the episode
started), quietly withdrew (12), being comfortably settled in his
own specialty elsewhere. Hadley, a microbiologist, remained at
Rhode Island from 1908 (when the first startling announcement of
the supposed identity of the two diseases was made) until 1920,
much of the time attempting to defend the coccidial theory of the
etiology of blackhead, or, when that became untenable, the tricho-
monad theory of its etiology (26-29).

The long (136 pages -- plates) article “Blackhead in Turkeys:
A Study in Avian Coccidiosis” (13), published in 1910 as Rhode
Island Agricultural Experiment Station Bulletin 141, although
quite erroneous in thesis, must actually be classed as something of
a milestone in poultry-parasite research in this country. In 1907
the authors made an extensive inquiry into the prevalence of
blackhead by a circular letter sent to ‘“nearly all the experiment
stations in the United States and Canada.” Blackhead was known
in at least 28 states from Florida to New Hampshire and along the
entire Pacific coast, as well as in several provinces in Canada. So
widely spread although the first reported recognition of the dis-
ease had been only 15 years earlier! How could that be? We must
consider the question, though not until the contributions of a few
other Americans have been noted.

As already indicated, the earliest of Cole and Hadley’s reports
confusing blackhead and coccidiosis provided Smith the incentive
to reopen his studies on blackhead, and the 1910 bulletin provided
still further stimulation. Between 1908 and 1921, Smith alone pub-
lished three articles on blackhead, while four others were co-
authored by a very able colleague, H. W. Graybill, who made
several contributions in his own right. Graybill is best known for
his role in having incriminated the cecal worm in the transmis-
sion of blackhead. That important discovery, announced in a paper
by Graybill and Smith in 1920 (25), is believed by some to have
been Graybill’s, but there can be no question that having the paper
co-authored by Smith greatly enhanced the interest shown in the
newly revealed association of the parasites. The authors were not
certain just how the cecal worm was involved in the transmission
of blackhead, but that was to be revealed to a considerable extent
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by another able researcher who had also taken exception to the
confusion of blackhead and coccidiosis.

Dr. E. E. Tyzzer, also at Harvard, and also a pathologist of no
mean ability, was in charge of the school’s cancer research pro-
gram. He had, however, made some studies of the -coccidia,
especially those of rodents. He also had at his disposal one of the
best libraries on this continent, and he knew the literature in
protozoology. Unlike Smith, he was not under attack personally,
but he deplored the confusion of two diseases that in his concept
were sufficiently individual to make such confusion mnjustified.
So he turned his attention to learning more about each.

Between 1919, when Tyzzer reported on the developmental
stages of the blackhead parasite (53), and 1936, when he explored
immunization with organisms attenuated in vitro (58), he pub-
lished (alone or with students or colleagues at Harvard) more
than 20 articles. In those he reported his explorations into almost
every phase of blackhead research that had yet been pursued, ex-
cluding only those requiring such recent developments as electron
microscopy and fluorescent antibody techniques. Even today, a re-
port on histomoniasis would be difficult tc write without acknowl-

200 3
180 1 »
1601 U.S., Population -/\‘,"‘

140- »”

120 -

1004 “.—"

MILLIONS

80 ‘,"" Live Turkeys —

607 —Dead Turkeys

Peee 'y
40 Rt LS

20 13oz.D
: . e

1890 1900 '10 ’20 '30 '40 ’50 '60 '70
YEARS
Fig. 2. Eighty years of turkey production in the United States.




Research on poultry parasites 471

edging some contribution that Tyzzer’s laboratory made to imple-
mentation of the study if not to actual shaping of the concept de-
veloped.

It was Tyzzer, after pondering for years the natural transmis-
sion of blackhead, who demonstrated experimentally that His-
tomonas meleagridis (renamed as a flagellate [54]) was actually
brought into the birds by the embryonated eggs of the cecal worm,
Heterakis gallinarum (59). So conclusive were Tyzzer’s experi-
ments that they dispelled the doubts of all except those skeptics
who wanted to see the histomonad in the embryonated egg, which
Tyzzer was never able to show although that has now been ac-
complished by Gibbs (23) and others.

It may seem that with all of that accumulated knowledge, the
control of blackhead should not have eluded the growers for so
long. But the reports of Smith, Curtice, Graybill, and Tyzzer did
not reach the growers. One man they did reach went far in cor-
recting that. A young veterinarian from Cornell, William A. Bill-
ings, joined the University of Minnesota staff in 1919. He read
everything on turkeys that he could get his hands on, and for two
years he experimented with rearing poults away from chickens,
on clean soil, and exercising every precaution against infection
that his studies had suggested to him. It was 19238 by the time he
sallied forth to enlighten the turkey growers, armed with an en-
thusiasm and a flair for evangelistic work that must have re-
minded many an early grower of the methods employed by Billy
Sunday, who had been stumping in the rural Midwest so vigorously
for a dozen years. The story of Dr. Billings’ early efforts has been
told and retold, in farm journals and even in the pages of The
Readers Digest, in “The Man Who Saved the Turkey Dinner”
(43). When Dr. Billings went to Minnesota, mortality among do-
mestic turkeys was still about 50%, with an estimated nine-tenths
of that being due to blackhead. Among some flocks that mingled
with chickens, mortality rose to 75% or more. A growing popula-
tion of about 105 million persons had to content itself with fewer
than 10 million turkeys (Fig. 1). One estimate (41) placed the
1920 production at fewer than 4 million! Millions of children, of
whom I was one, had never tasted turkey, nor were we to do so for
many years to come —not at Thanksgiving, Christmas, or any
other time. Bled and largely picked, but otherwise unaltered, a
few turkeys for the holiday trade might land in the local butcher
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shop, priced at 55, 60, and even up to 70 cents a pound. As a
laborer, my father would have worked from 7 o’clock Monday
morning until late Thursday afternoon to have earned the price
of such a bird for Thanksgiving. In one generation, the turkey
industry was snatched from the brink of oblivion and converted to
such a thriving state that I can well recall how my children winced
as they encountered turkey so frequently on the school lunch pro-
gram. And as a member of the school board, I knew precisely why
we were serving it so often.

No one person has been accorded more credit for turning the
turkey industry around than “Doc Billings,” as he was affection-
ately known. If I were to list the four greatest contributors in con-
quering blackhead, they would have to be Smith, Curtice, Tyzzer,
and Billings (Fig. 2). The first three were scientists of world re-
nown. Tyzzer, more than any other individual, ushered in the era
of modern research on two of the greatest parasitic scourges of
poultry in our time, blackhead and coccidiosis. Billings never
sought the role of the polished scientist, but he carried a down-to-
earth message that could not be misunderstood. As I have said so
often in short talks I used to give at Thanksgiving time, “What
Billings said may not always have sounded good in the hallowed
halls of Harvard, but in the ears of turkey growers everywhere,
few voices rang more nobly.” Were you to go to visit the Poultry
Hall of Fame, you would not find there the portrait of Smith,
Curtice, or even Tyzzer, great though his contributions. But the
crusty veterinarian who stumped the Minnesota countryside
preaching the gospel of rearing turkeys in spite of blackhead —
his portrait is there for all to behold. Discovery is not enough. The
implementation of knowledge to the benefit of humanity at large
is a prized accomplishment.

Most recent of American achievements that had spectacular
success in the control of blackhead has been the development of
safe and effective antihistomonal drugs that can be used con-
veniently and at a cost compatible with profitable commercial pro-
duction. A search for such a drug had been going on since Tyzzer’s
time, but he was never able to find one that was entirely safe to
use and economically priced (55). During the late 1930’s and
throughout the 1940’s, the search intensified, doubtless stimulated
by the spectacular successes scored in developing effective coc-
cidiostats. Although phenothiazine had been shown to be effective
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against the cecal worm (65), control of which would ultimately
result in the control of blackhead, such an indirect approach was
too slow for the needs of the times. During the difficult years of
World War II, millions of persons had discovered that turkey was
an excellent table item at any time of the year and, being un-
rationed, spared the ever-too-scarce red points required to pur-
chase the so-called “red meats.” Despite shortages in equipment
and labor, turkey production had at least doubled since 1930 (Fig.
1). True, there was a brief lull in the demand as rationing was
lifted, but in 1950 the demand was still brisk. Then, through the
efforts of many researchers, at first two, and later more, anti-
histomonal drugs were developed and marketed. Growers, mill
owners, and bankers, all with new confidence in the ability of the
enterprises to avoid excessive losses, responded to enable the in-
dustry to produce turkeys in unprecedented millions. The chart
shows the results. In recent years, overall mortality among com-
mercially grown turkeys has usually not reached 10%, but tending
to hover near 7.5 to 8%. Mortality from blackhead has been less
than 0.5%, and some growers say they have not seen a case in
years.

Coccidiosis in chickens. Unfortunately, the spectacular success
achieved against blackhead has not been matched with coccidiosis,
by all odds the number-one parasitic disease of chickens. The lack
of success is despite the fact that the total effort against coccidio-
sis has been much greater. There are reasons, of course.

Neither blackhead in turkeys nor coccidiosis in chickens was
here in pre-Columbian times. The turkey was a native of the West-
ern Hemisphere, but the histomonad was not here, and Heterakis
gallinarum also may have been absent. Chickens, like their cousins
the pheasants, were natives of the Eastern Hemisphere, and it was
these birds that introduced both Histomonas meleagridis and their
own species of coccidia. Because of the exacting requirements of
the life cycle of the blackhead parasite, it did not become estab-
lished sufficiently to attract attention by losses among susceptible
birds (domestic turkeys) until about 1880. That story is too long
to detail here, but several technological developments, rapid west-
ward expansion, and the depletion of much of our natural game
resources all contributed to the development of conditions favoring
the ultimate establishment of blackhead.

Not so with coccidiosis. Although infections were self-limiting,
reinfection was possible from oocysts voided but a few days before
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their ingestion by the same or other individual birds of the same
species. No cecal worms, earthworms, or hosts with differing de-
grees of susceptibility to the disease were required. Why did the
disease not become so rampant as to attract attention very early?
Coccidiosis was hardly known in this country when Rice and Cush-
man were becoming alarmed over the ravages of blackhead. Our
early poultry books did not mention coccidiosis as a specific entity.
Salmon’s “The Diseases of Poultry” (46) mentioned it under the
caption “Psorospermic Enteritis,” and actually distinguished be-
tween the intestinal form, attributed to infection with Eimeria
dubia, and the cecal form, caused by Coccidium tenellum. At that
time, all of the early work on the condition had been done in Eu-
rope. In this country, growers were confusing the disease with
others that caused diarrhea. But that was not the only reason that
the disease had not been recognized as frequently as blackhead
would have been. There were several species of coccidia in chick-
ens, and some actually did little harm. Moreover, until almost a
quarter of the 20th century had passed, the gradual ingestion of
relatively small numbers of infective stages was common, and in
many instances such ingestion increased the birds’ resistance suf-
ficiently to protect them. Thus it was that chickens, if not closely
confined, escaped most forms of coccidiosis without serious losses.

After World War I, two laboratories in our Pacific Coast
states, where coccidiosis was quite prevalent, made contributions
that stimulated work on the disease. J. R. Beach at California
clarified the distinction between coccidiosis and bacillary white
diarrhea of young chickens (5). He also advocated feeding milk
to control coccidiosis. The recommendation proved somewhat con-
troversial, although scarcely as much so as the view that Beach
and J. C. Corl expressed later: that the severity of a case of coc-
cidiosis had little relation to the number of oocysts ingested (6).
W. T. Johnson, in Oregon, could not accept that view. He con-
sidered it contrary to what appeared to be happening in farm-
grown poultry (34). He arranged experiments in which he showed
that, despite many other influencing factors, the progressive in-
gestion of small numbers of sporulated cocysts actually increased
the resistance of many birds, so that responses to infection were
not severe (34,35). Johnson was probably also the first to publi-
cize the use of potassium dichromate (he used 214 %) for the
sporulation of oocysts. He credits Hadley with having given him



Research on poultry parasites 475

the idea by telling him in a personal communication that such a
solution was suitable for prolonged storage of sporulated oocysts
(85). Johnson was apparently also the first (1923) to suggest that
turkey coccidia were of a different species from chicken coccidia,
the shapes of the oocysts being different (32). Also, at the invita-
tion of the editors of Poultry Science, Johnson contributed some of
the clearest photomicrographs of various stages of the coccidia of
chickens that had appeared anywhere (33). Those illustrations
were a great aid to persons seeking to diagnose the disease.

But, as with the research on blackhead, Tyzzer made the mon-
umental contributions that marked the opening of a new era of re-
search on coccidiosis of poultry. As early as 1902, he had pub-
lished on the coccidia of rabbits and, as Cole and Hadley’s con-
fusing report appeared, Tyzzer was studying certain crypto-
sporidia of mice. He knew the world’s literature in the field, had
personal experience with the coccidia of mammals, and had seen
blackhead in various galliform birds. As we have noted, he did not
rush into print with his results on the study of blackhead; he was
even more deliberate in publishing on coccidiosis in poultry. In
December 1926, at the Second Annual Meeting of the American
Society of Parasitologists, in Philadelphia, he gave the select few
in attendance a glimpse of what his caliber of study would yield
(56). Three months later, the half-page abstract appeared in print.
He could now state positively, with support from morphologic and
pathologic evidence, that: 1) Eimeria tenella, producing severe
responses, was a different species of Eimeria from that (or those)
found in the intestine of chickens; and 2) the species that he re-
covered from turkeys (which he called Eimeria meleagridis, n.sp.)
would not infect chickens. He thus showed that Johnson’s view
was correct.

Two years later, in 1929, Tyzzer published that enduring
classic “Coccidiosis in Gallinaceous Birds” (57), 115 pages replete
with magnificent plates (two in color) with more than 50 figures,
some of which have not been excelled to this day for accuracy of
portrayal of the regions involved, tissues invaded, and develop-
mental stages of the parasite. In all, Tyzzer carefully described
Eimeria tenella, three new species of the same genus from the in-
testine of the chicken, one from pheasants, one from bobwhite,
and two from turkeys. He demonstrated host-limitation (often
called “host-specificity”), self-limitation, and the development of
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acquired resistance. The last he showed to be of appreciable con-
sequence only with the species that penetrated the cells most deep-
ly, E. maxima and E. tenella. He found no cross-immunity and no
acquired passive immunity.

Tyzzer was to publish in 1932, with two associates, a sequel to
the above contribution (60), and he had released only two short
articles on coccidiosis in the interim. But his place in the annals of
coccidiosis was assured. When the New York Academy of Sciences
staged its comprehensive program ‘“Coccidiosis” (all hosts), in
1949 (38), Dr. E. E. Tyzzer was Honorary Chairman. Then ap-
proaching 75, he understandably did not appear to deliver his brief
opening comments, but the leadership that he had shown on this
important poultry disease was recognized by even the youngest of
a new generation of investigators.

One more landmark should not be overlooked. It is one of
those contributions that, although not directly applicable to the
alleviation of growers’ troubles, determine the direction of re-
search efforts for decades to come. This was P. P. Levine’s paper
“The effect of sulfanilamide on the course of experimental avian
coccidiosis” (36). As the author stated, “this report is not intended
to convey the impression that sulfanilamide is of practical value
in the control of coccidiosis under farm conditions.” He then ex-
pressed the view that some derivative might be found that would
have “the same coccidiostatic action as sulfanilamide but with less
toxicity for the host.”

So stimulating was the above report that, according to a sur-
vey that I made, 238 published articles during the next 20 years
(1940-1959) dealt with what I considered “newer” treatments,
whereas only 21 dealt with the older type (skimmilk, lactobacilli,
and similar substances). All except a half dozen of the reports on
the latter types of treatments were based on studies made before
Levine’s work had appeared. To be sure, not all of those 238 re-
ports of newer treatments could claim successes, but they repre-
sented efforts that ultimately produced a considerable number of
effective coccidiostats. And that was fortunate because, among the
many ways in which the coccidia differ from the histomonads is
their ability to adapt themselves to a new situation. We should have
suspected it. Some years ago, one catalog of the coccidia (40) listed
562 species of the genus Eimeria alone, and 130 of the genus
Isospora. Even if many are duplicates, undescribed species prob-
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ably considerably outnumber duplications. Organisms as plastic
from the evolutionary standpoint as are the coccidia would surely
show enough variability that some could cope with concentrations
of drugs that the hosts could tolerate well. In contrast, we know
today of only two kinds of histomonads, a remarkable example
of evolutionary stability for organisms sc old. And Histomonas
meleagridis is virtually as susceptible to the first effective anti-
histomonal drugs as it was a quarter of a century ago, when they
were originally used. Thus, we can better understand why coc-
cidiosis is so difficult to stamp out, despite enormous research
efforts.

OUR GENERATION’S HERITAGE

I have omitted much, and in doing so I may have offended
many. With very few exceptions, I have not mentioned contribu-
tions by contemporary researchers. It is not easy to determine the
impact of relatively recent research, and I am no prophet. The
work of my generation I leave to some future historian. There is a
category of contributions that I must acknowledge — that of our
devoted educators. I shall give only two examples. Dr. E. R.
Becker’s timely monograph on coccidia and coccidiosis (7) doubt-
less encouraged many a young parasitologist to select a problem
for which he might otherwise have found his source material too
elusive to make his choice attractive. Dr. Becker, alone or with
various of his students, wrote more than 20 other articles on coc-
cidiosis, principally on species found in mammals. However, some
of his students made valuable contributions in the field of
protozoan parasites of poultry.

My other example is Dr. James E. Ackert’s influence. Aside
from his many contributions in the field of helminths of poultry,
some of Dr. Ackert’s students have so distinguished themselves as
to be known to all of us who read our scientific literature on poul-
try diseases. And now the students of some of Dr. Ackert’s stu-
dents are reporting on poultry parasites, and will doubtless set
milestones in their eras and areas of research. Indeed, even now,
one can almost see the emergence of some of these concepts with
real impact.

But lest I be tempted to prophesy, I close with complete satis-
faction that the period of discovery is not over. It is upon us,
around us, and so close to us that we sense its presence but cannot
perceive its dimensions. That is the stuff that progress is made of.
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