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INTROLUCTION

In 1895 Theobald Smith published an account of & highly infeetious
and fatal disease of turkeys which he named infectious enterchepatitis.
The usual symptoms of the disease are a ruffling of the feathers, a
rather dejected appearance, lack of appetite, leg weakness, and sulfur
colored droppings. As the disease progresses the birds become weaker
and show a disinclination to move sbout or even stand, Although the
disease is commonly called blackhead, in reality darkening of the head
is not a constant symptom; this usage, however, is firmly established
in the literature,

The etiologic agent, Histomonas meleagridis, enters the body of the

host in food or water contaminated by the droppings of affected or
carrier birds. The site of primary attack is one or both ceca. The
protozoon produces extensive ulceratione of the cecal wall and is pre=
sunably carried via the blood to the liver, where gecondary foci are
established.

Previously unexposed turkeys of any age are susceptible to fatal
infections, however, flocks which have been exposed to contaminated
surroundinga without medication usually show a high proportion of in-

Véividuals having various degrees of immunity.

Chickens are not, as a rule, subject to fatal infections regard

less of previous experience; age, however, is of some importance. Birds

from 3 to 6 weeks old are most susceptible.



Several drugs have been found useful in the treatment of blackhead,
the one in widest use today is enheptin (2-amino,5enitrothiazole).

This drug is of greatest value when fed continuously at a prophylactic
level (0.05 percent), incorporated in the mash. Severzl undesirable
side effect have been notedj there is a slight growth retarcation and
fertility and hatchability are lowered.

Although numerous investigations have confirmed the prophylactic
value of enheptin, litile is known concerning its effect on the de-
velopment of immunity. The phenomenon of development of i-munity
during prophylectic treatment has been observed to occur in avian
coccidiosiss the possible absence of this mechanism in blackhead of
turkeys was sugcested by certain observations of DeVolt and Tromba (1950).
In an experiment attempting to ascertain whether increascd resistance to
blackhead could be shown by poults which had been exposed while
being treated with enheptin, they found that after medication was
removed and a second exposure eifected, these poults showed clinical
symptoms ad death before identically exposed controls.

In attacking the problem, il seemed advisable at first to study

the effect of enheptin on Histomonas melesgridis in the cecal contents.

This could best be done by using chickens, which are not usually *
subject to a fatal case of blackhead and thus would provide suliable
hosts for extended observations.

After these preliminary observations the exposure of groups of
turkeys to blackhead both by weans of contaminated soil, and culture
inoculation would serve a twofold purposes the use of large numbers
of birds under controlled conditions of medication would permit a

critical evaluation of the immune muchanisn during treatment; further
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iI
HISTORICAL REVIEW
Ae Eticologic agent

A disease known as blackhead, typhlitis, or infectious entero=-
hepatitis was reported from turkeys by Cushman in 1893. Theobald

Smith (1895) described as Ameba meleagridis a protogoan which he ¢

founé in cecal snd liver lesions of turkeys affected with this
disease. Cole, Hadley, and Kirkpatrick (1910) believed that the
organism seen by Smith was the schizogony stage of a coccidium.
Jowett (1911) came to the conclusion t at the lesions in blackhead
were due to a Trichomonas wrich had become aflagellate in the tissues.
Hadley (191€) stated that he had seen flagella on socme of the tissue

forms and considered them to be Trichomonas. Tyszer (1919) returned

to Smith!s originel view that the organism is actually an emeba., In

a later investigation Tyszer (1920) showed that the smoeboid bodies
were cspable of a distinctive jerky :otion when seen alive. In sec=-
tions and smears Tyzzer demonstirated the presence of axonemes
originating &t a blepharoplast, and the formation of a paradesmose or
fibril between daughler blepharoplasts at division; these observations
suggested flagellate affinities. Tyzzer, however, rejected the idea
that they were Trichomonas and instead regarded them as aberrant

flagellates. He proposed Nistomonas meleagridis as the name for

this organism originally described by Swmith as Ameba meleagridis.

Much of the confusion in the early description of H. meleagridis

was due to it's variability in form when seen in liver and cecal



lesions, Tyzzer (1919) in conjunction with his studies on the etiology
of the disease'described three stages whiich may appear in lesions.

The first or invasive stage is found most fregently in early lesions.
The organisms are distinctly amoeboid and measure from 8§ to 17
microns in diameter in fixed tissue. They occur at the periphery

of involved areas but are not usually found in older lesions. They
may be found in the gland epithelium of the ceca, in the goblet

cells, occasionally in the lumen of the glands, between the muscle
layers of the ceca, and, in general, in almost any part of the

liver or ceca involved in the disease. Tyzzer found tat these forms
were basophilic when stained with eosin and methylene~blue or

Giemsa. The ectoplasa is abundant and clear while the endoplasm
containg a number of stainable particles which may represent inpested
food material,

The second or vegetative stage (Tyzzer) appears in older lesions
and measures from 12 to 21 microns in diametler in fixed tissue. These
organisms have a basophilic cytoplasm and lack the inclusions noied
in the invasive stage. Groups of these organisms occur tightly
packed together so that their surfaces seem to form a reticwlum in
which the interstices are relatively clear (Fig.8). CGlobular
or ring=-like bodies ma; appear in the cytoplasm of such for:s but
they are not accompanied by any nuclear changes which would suggest
division nor are they consistent as to size or number.

The third or resistant phase, according to Tyszer, is character-
ized by the development of a refractive cell membrane and an increase

in coagulable material. They are the smallest of the three phases,



measuring from L4 to 11 microns in fixed material. Groups of these organ=
isms may be found enclosed in spaces by the reaction of the tissue or
engulfed by phagocytic cells. Groups of organisms taken up by phagocytes
might simulate the schizogony stages described by Smith (1895, 1915) and
Hadley g&.dgi.‘(1910), Tyzzer, however, pointed out that there is no
consistency in number of organisms, nor is their any residual material
associated with such groups.

Free flagellated forms were first seen by Tyzgzer and Fabyan (1922)
in material from the ceca of infected turkeys. Tyzzer (193L) described

the motility of H. meleagridis in cecal discharges and found thal at

about 42 C rhythmic rotary movements and active amoeboid motion were
apparent. A characteristic counter-clockwise motion turning the
organism one~fourth to one~third of a full rotation is produced at each
beat of the flagella.

Although Tyzzer'!s work apparently settled the problem of the etio-
logic agent,reports ascribing the disease tc other organisms subsequently
appeared. Menzani (1932) and Enigk Ei;}B) described a budding fungus of
the blastocystis type as the sole organism isclated from the liver in

certain cases of blackhead. Allen (1936) found a Pentatrichomonas in

liver lesions of guinea fowl and reported a successful infection in
turkeys with organisms cultured from these lesione., DeVolt and Davis
(1936) isolateu Trichomonss from liver lesions on several occasicns

Ll did not consider them to be primary invaders. Niimi(1936) reported
that he isolated 1 strain of Trichomonas and 5 streins of Chilomastix

from the livers of chickens naturally infected with blackhead. Bishop

(1938) eultivatec Trichomonas from hepatic lesions but could demonstrate



only Histomonas in sections of these lesions and concluded that the
Trichomonas was a secondary invader. Allen (1941) reported macro=-
scopic differences in lesions due to Trichomonas which distinguished
them from those caused by Histomonas, Unequivocal proof of the

identity of Histomonas meleagridis as the principsl if not the sole

etiologic agent has been fuwrnished by the recent work of Harrison,
Hansen, DeVolt, Holst, and Tromba (1953). Typical liver lesions
were produced by intrahepatic inoculations of bacteria free suspen-

sions of Histomonas meleagridis, while similar inoculations of

protozoan-free filtrates of this suspension uniformly failed to

produce any evidences oif blackhead.

B, Mode of transmission

Undexr natural conditions the transmission of blackhead may
occur in two waysj directly by trophogoites in feces without the
interposition of a resistant form, or indirectly by hisiomonads
incorporated in cecal worm eggs. Fxperimentally it has been transe
mitted by inoculation of suspensions of infected organs, or culture
naterial, Possible mechanical transmission by arthropods has been
noted by DeVolt aend Lavis (1936).

Curtice (1907v) showed that young turkeys could be infected
by exposure to contaminated soil. Smith (1915) reported the
production of blackhead in turkeys reared in close proximity to
a hen-yard and alsc the infection of turkeys by feeding the ceca
and liver of disesased birds. Cysls were noticed in the feces of

diseased turkeys and presumed to be encysted amcebae although

their relation tc the tissue parasites was not determined. Tyzier(1919)



states that these forms are undoubtedly blastocysis. Tyzzer and Fabyan
(1920) confirmed transmission by infected soil as did also DeVolt and
Davis (1936).

Tyzzer and Fabyan {1920) disproved the existence of & resistant state
by showing that histomonads in tissue lesions and feces were found to
remain viable for only 24 hours at room temperature. Bishop (1938) re-
ported that cultures of H. meleagridis did not survive exposure to room
temperature of (18«22 ¢) for more than 2L hours. Lower temperatures
appeared to be equally detrimental; no living organisms being found after
2y and L8 hours at 5 ¢. This evidence, however, failed w explain the
observation of soil borne infections.

Graybill and Smith (1920), however, showed that blackhead could be

produced by feeding the ambryonated eggzs of the cecal worm "Heterakis

papillosa®™ g Heterakis zallinae tw healthy turkeys. Iyszer and Fabyan

(1922) collected cecal worms froa chickens ana ireated them with 1.5
percent of nitric acid until the eggs became enbryonatea {usually aboutl
13 days). Tests at thc end of 3 days showed this material to be bacterio=
logically sterile. (va trested in this manner regularly produced vlack=
head when fed to incubator reared poults. In order to demcnstrate again
the absence of a resistent form, liver lesions, cecal lesions, and cecal
cores were immersed in 1.5 percent nitric acid for an equal period.
Materials so treated uniformly failed to produce infection, as did the
fecding of unembryonated epgs or of mele Heterakis. Tyzzer (1934)
observed and figured H. meleagridis in the gut epithelium of ll-day-oldh

Heterskis gallinae and also oi Heterakis exposed to winter temperatures;

in soil. Although no worker has reported the culture of Histomonas

from sterilized Heterakis ova Niimi (1937) claims to have seen the



causative organism in the eggs of "Heterakis papillosa® = Heterakis

gallinae. He stated that it measured 1 to 1.4 microns and was in the
form of a mononuclear round cellj this report is as yet unconfirmed.
Bishop, while recognizing the transmission of infection by the cecal worm
egg concluded, "There is obviocusly still some factor in the method of
transuission of blackhead which is not yet clearly understood. "t

Another source of infection, from carrier chickens, has long been
recognized. Curtice (1907a, 1907b) noted that the chicken is occasionally
subject to blackhead and observed the causative organisms in the tissues
of chickens. He stated that the ordinary fowl was a carrier and recom-
mended that turkeys be kept away from other domestic fowl. Smith (1915)
and Tyzzer and Fabyan (1920) infected turkeys by exposure to chickens.
Reports of blackhead in chickens are not uncommon and have come from
many localities. Since chickens are also commonly infected with cecal
worms they are regarded as an important factor in the transmission of‘
blackhead.

Experiments to determine arthropods and other organisms as possible
vectors have mostly proven negative. Smith (1895) observed that not all
flocks were infected as would be expected if insecis were involved.,
Curtice (1907b) stated that poults which he raised disease-free had an
opportunity to eat many kinds of insects, Tysszer and Fabyan (1920) fed
a turkey crickets, grasshoppers, and also flies which had fed on lung
lesions from a case of blackhead. These birds showed no evidences of

disease. However, DeVolt and Davis (1936) exposed 67 poults to flies

lBishop, A. 1938. Histomonas meleagridis in domestic fowls (Gallus
gallus), Cultivation and experimental infection. Parasitology 30(2):192.
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and obtained 5 cases of blackhead; they concludec that flies may act as
mechanical vectors. Cram (1927) reported the earthworm to be a mechanical

vector for the eggs of Heterakis gallinae. Wild birds, especially sparrows,

which are commonly found around poultry yards may also serve as accidental
vectors. Such examples of accidental transmission are by themselves of
minor importance; however, they form part of the total picture of the epi-
demiology of blackhead.

The possibility of transmission through the turkey egg is negative as
shown by Curtice (1907a), Smith (1915, 1917), and Tysszer and Collier (1925).
All of the eggs from which poults hatched came from infected flocks, yet
none of the control birds used in their infection experiments developed
blackhead.

Experimental production of blackhead by other than natural routes has
been reported: Tyszer (1920) subcutaneous inoculation of minced liver
lesions; DeVolt and Davis (1936) subcutanseous and intrasinal inoculation
with minced liver lesions; and Harrison, Hansen, DeVolt, Holst, and
Tromba (1953) intrahepatic inoculation with H. meleagridis in bacteria-

free suspensions,
C. Pathology

In the typical case of blackhead primary lesions occur in one or both
ceca. Pathology in naturally occurring cases is usually limited to the
ceca and liver, however, lesiong in other organs have been reported.

Smith (1915) found lesions in the proventriculus, small intestine, and
kidney; Levine (1947) also reported kidney lesions.

smith (1895, 1915) first described the gross and microscopic appear-

ance of the lesions in blackhead and regarded the site of primary invasion



as the blind end of the cecum. Hadley (1917) believed that invasion was
through the joblet cells in the crypts of Liseberkuhn. Tyzzer (1919)
also reported invasion through the goblet cells. Jowett (1911) advanced
the theory of a secondary invasion of the protozoan following damage by
helminths or other organisms. Farmer, Hughes, and Whiting (1951) found
no conclusive evidence as to the node of primary invasion of the ceca.

As the disease progresses inflammatory and ulcerative changes appear
in parts or most of the ceca. In most cases the organ is enlarged and
indurated and may contein a core of sloughed cells and exudate. In sone
cases the disease terminates fatally at this point but in most instances
metastasis occurs to the liver. A diseased liver is enlarged and spotted
with areas of necrotic and degenerative tissue. The lesions are roughly
circular, up to one centimeter or more in diameter, are usually somewhat
depressed, and may exhibit a yellowish cast. In acute cases in young
birds the lesions may be small and numercus, while in older birds the
lesions are often merged or replaced by scar tissue. Microscopically
there is no sharp demarcation between diseased and healthy tissue. In
sections of liver lesions extensive destruction of tissue in the necrotic
areas coupled with an invasion of leucocytes and giant cells is seen.
Histomonads in this area are usually found in groups or enclosed in giant
cells, (Tyzzer's resistant phase). At the edges of the lesion or in
younger legions the parasites are found to be more scattered and lying
between the intact cells ol the liver cords. Farmer, Hughes, and Whiting
(1951) studied the patiology of the artificially induced disease; their
findings were substantially in agreement with those of Smith (1915) and
Tyzzer (1919).

Johnson and Lange (1938) studied the blood picture in artificially
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infected poults and reported marked changes. These were: a& sudden hetero-
philia beginning within 2k hours after infection and continuing until
deathj an irregular monocytosis in some casesj myelocytosis and anemia

in moribund birds. McCuire and Cavett (1952) reported that the blood
non-protein nitrogen and uric acid at first decrease, but return t
normal before death. They also observed that blood glucose increases
during the disease and eventually a severe hypoglycemia develops, which

these authors consider may be the immediate cause of death.
D. Medicinal treatment

The practical administration of drugs to poultry is limited by
certain organizational and econcmic factors. Because of the low mon~
etary value of the individual, treatment of a single sick fowl is
impractical. The poultryman can accept with equanimity a certain per~
centage loss which in other fields of animal husbandry would be ruinous.
Furthermore when flocks numbering in the thousands are to be treated the
drug must be one that can be used with a minimum of effort. These
conditions practically eliminate the use of any medicinal agent which
must be given parenterally and limit the field to those compounds which
are eifective through the digeative tract and can be dissolved in water
or mixed with feed.A further limitation is that of price; since mass
treatment is the method of choice the drug must not add materially to
the cost of marketing the individuel. The force of this economic man=
date is evident.

Early attempts to find a aspecific for the ireatment of blackhead
were somewhat influenced by the assumed resemblance of Histomonas

meleagridis to Endamoeba histolytica. Tyszger and Fabyan {1920) found
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that an infusion of the drug "chaparro emargosa" {prepared irom the

plant Castela nicholsoni, Simarubaceae) an eifective therapeutic for

amoebic dysentery, had no value against enterohepatiiis. Iyzzer and
Fabyan (1922) also found ipecac, emetine (the active principle of
ipecac), and sulfur to be ineffective. Tyzzer (1923) conducted pre-
1liminary tests on the value of neoarsphenamine, arsenious acid, atoxyl,
and tryparsamide; of the four iryparsamide alone showed enough promise
to be recommended for further work. Griksen (1925) also showed neo-~
asphenamine to be ineffective. Dolin and Vardimen (1941) claimed activity
for mapharsen but their data were insufficient. A more critical eval-
uation by Jaquette and Harsden (1947) showed mapharsen to have no value.
Clover (1948) found mapharsen and Formula lhl (a quaternary ammonium
compound) ineffective. Sautter and Pomeroy (1950) tested various
arsenicals and found that stovarsol ana trypersamide had a marked
prophylactic effect. DeVolt and Holst (1948) found that vioform lowered
the death rate significantly. DeVolt and Holst (1949) also found
clicform to be effective apainst artificially induced blackiead but of
no value in the naturally occurring disease. McGregor (19L9) found
metachloridine, bacitracin, tetramethylthiuram disulphide, tetraethyl-
thiursm disulphide, hexachloroethane, sulphaquinoxaline, compound P=-1%6,
and compound P-29 of no value. Waletsky, Clark, and Marson (195C) were
first to finé enheptin (2-amino,5-nitrothiazole) effective in treating
blackhead. Jungherr and Winn (1950) confirmmed the work of Waletsky et.
ale as did DeVolt, Holst, and Tromba (1951). McGregor (1951) reported
that antrycide and vioform did not produce significant lowering of the
death rate in turkeys infected by contaminated drinking water.

Farmmer (1950) tested arsenious trioxide, neoarsphenamine, =ulph=-
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arsphenamine, arsphenamine digluc:side, acetarsol, vioform, clioform,
a formaldehyde sulfathiszole concensation procduct, iodobismuthate of
quinine, a bismuth salt of ethylhydrogen cyclohexane, and mepacrine
hydrochloride. 0Of these only acetarsol, vioform, and arsphensmine di-
glucoside were eifective in preventing blackhead. Swales (1950) eval-
usted the sction of chloroquine diphosphate, diidohydroxyquinoline,
phenyl mercuric nitrate, streptomycin, acetarsol, mercuric nitrate,
carbarsone oxide, l-pentanearsonic acid, arsphenanine diglucoside, 8-
amino~-5,7-diiodoquinaldinic acid, neocarsphenamine, L-(3'li'-dichloro-
bengylamino )=benzoic acid, 1 percent solution of arsenic, arsenious
acid solution, arsenic diethyldithlocarbsmate, bismuth dithiocarbamate,
sodium diethyl dithiocarbamate, and mapharsen. The lowest mortality
recorded for any of these compounds was 4O per cent.

Berks and Neal (1952) used an in vitro method for testing enheptin,
vioform, tryparsamide, reduced tryparsamide, acetarsol, penicillin, and
streptomycin. Enheptin and viofomm prevented growth at a dilution of
10"h but were ineffective at higher dilutions. None of the other com-
pounds tested were as effective, although penicillin and streptomycin
apparently inhibited the growth of H. meleagridis by acting on the

assoclated bacterial flors.
Ee ethods of experimental infection

Experimental infections with Histomonas meleagridis may be pro-

duced in two weys; by exposure to contaminated soil or by inoculation
or feeding of infective material. The former method has been employed by
Curtice (1907a, 1907b), Smith (1915), Tyzzer and Fabyan (1920), DeVolt

and Davis (1936), and otheras. It is a simple straightforward procedure
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having the advantage of closely approximating natural conditions of
infection. However, since norbidity and mortaliiy may be highly variable
it is often desirable to employ other methouds.

Tyzzer and Yabyan (1920) first demonstrated inoculated blackhead
by using an intramuscular injection of minced liver lesions. Six serisal
passages were made with a fatal teraination in each case. Lesions were
demonstrable at the site of inoculation and also in the lunges ana liver.
This method was not particularly applicable to drug screening, however,
and other methode were devised by subsequent workers. Tyzzer (193L, 1936)
successfully infected chickens and turkeys by inoculation with histo-
monads cultured at 37 C. McOregor (194Y) fed a uixture of embryonated
Heterakis ova, strained chicken feces, and sarth from a run in which
blackhead was known to be enzcootic. Equal amounts were given in the
drinking water every day for 10 days, or until Llackhead began to pro=-
cduce deaths in the flock. The highest morislity produced by this method
was 77.1 per cent., Farmer and Stephenson (1949) reviewed several
methods of infection and recommended rectal inoculations with 2.5 ml of
& suspension of finely chopped cecal lesions obtained from birds dying
of blackhead. Uging this method (preceeded by an enema of 5 ml of
Ringer's solution) these authors reported an 87.5 per cent mortality.
DeVolt and Holst (1948, 19L9) achieved high mortality (92.9 per cent)
by rectal inoculation of cultured histomonads. Using this method a pre~
treatment with Ringer's was no£ necessary and the amount of inoculum

could be reduced.
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F. The cultivation of Histomonas meleagridis

Histomonas meleagridis has been cultured in several different media

with varying degrees of success.
Lrbohlav (192L) employed a Locke-egg-serum medium utilized in the

study of Endameba histolytica. While this medium was successful, a heavy

overgrowth of bacteria usually occurred after several days. Tyzzer
(1934) used an agar slant prepared with egg alvumin and buffered to

pH 7.2. The overlay consisted of normal saline containing 5 per cent
sterile horse serum. Sterile rice starch was added just before use.

This medium was reported to give good growth and to be less favorable
for the growth of associated bacteria. Bishop (1938) cultivated the
protozoon in & medium developed by Dobell and Laidlaw (1926) for the
cultivation of E. histolytica, however atteupts to use the liver medium
of Cleveland and Sanders (1930) failed due to heavy overgrowth of
bacteria. Bishop also cultured the organiam in the horse sermmesaline
mixture employed by Laidlaw, Dobell, and Bishop (1928) in the study of
E. histolytica. DeVolt and Davis (1936) used a Locke-egg-serum medium
containing turkey serum and albumin, or serum alone, with subsequent
additions of sterile rice starch. DeVolt (1943) reported a new mono-
phasic medium consisting of 2 per cent turkey serum in Locke's solution
adjusted to pH 9.0 by the addition of M/20 sodium hydroxide. The medium
is tubed and autoclaved; sterile rice starch being added just before use.
Best growth is obtained st L2 C; cultures have been successfully main-
tained in this medium by the writer for 18 months with transfers being
made twice weekly. The chief advantage of this medium is the elimination

of the diphasic system with its attendant problems of contamination.
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MATENIALS AND METHODS
A. General technlques

white flolland turkeys, snd Rhode Island Red chickens were used in
these experiments. Lay-old poulis were obtained from several commercial
hatecheries and reared in brooders. Chicks were furnished by the Poultry
Lepartment of the University of Maryland. All birds were wing banded
for identification and at about L weeks of age were removed to wire
floored cages in an isclated building.

Two methods of exposure were used: rectal inoculation with

Histomonas meleagridis from culture; end exposure to contaminated soil.

New cultures of H, meleagridis were isoclated at intervals and main-
tained for varying periods using DeVolt's medium. Three cultures were
used in these investigations and are designated cultures 1, 2, and 3.
Culture 1 was isclated September 30, 1949 by H.M. DeVolt; the writer
isolated culture 2 on July 2L, 1951, and culture 3 on June 6, 1952.

By 1951, when this study was begun, culture 1 had become avirulent
as determined by its failure to produce mortality in young turkeys.
Cultures 2 and 3, however, were fully virulent at the times they were
used.

Isolations were made by placing several loopfuls of screapings from

the ceca of an infected bird into tubes of medium. Although an initially
large growth of bacteria accompanies this method, it is more success-

ful than isolations attempted from liver lesions which according to
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Harrison (1952) are often free from bacteria.

A culture was considered established after 3 weeks of successful
transfers; it could then be used for inoculum. This period of 3 weeks
was necessary in order to eliminate the possibility of confusing holde
over forms with a propagating culture. Usuelly 12 tubes of a culture
were carried from one transfer to the next., However, when material for
inoculation was needed the mmber of tubes was incressed so that
adequate numbers of organisms were on hand, both for inoculum and for
continuance of the culture. Three=day-old cultures were always used
for inoculationy a pool of all the tubes was mads, transfer into fresh
necium was then made and the remainder used for inroculum.

The method employed by DeVolt and Holst (1yL8, 19L9) for rectal
inoculatione was used for the most part; several modificstions were
introduced in some cases and will be described in part B. of this
section,

After the number of orgenisms per ml was determined by hemo-
cytometer count, a rectal inoculation of 0.1 ml was administered. In
w08t cases a second and third inoculation of 0.1 ml was given from the
same pool, an hour elapsing between doses. During inoculation the
material was agitated frequently to insure a uniform suspension. In
order that cloacal contractions would not expel the inoculum, the birds
were held for about a minute following administration of the dose. If
expulsion occurred ancther 0.1 ml was given immediately.

In the natural exposure groups the birds were placed in wooden
poultry houses each divided in half by a screen partition and given
free access o communicaling screened cages. A layer of contaminated

soil taken from nearby pouliry yards was distributed to a depth of
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3 to I inches on the floor of both house and cage. The dirt was well
mixed before placing it in the house, and was stirred on the floor at
1 to 2 week intervals. In order to provide the maximum opportunity for
infection, the houses were not cleaned during the course of the ex-
periment.

In all experiments the liver and ceca of birds dying or sacrificed
were examined for gross lesicns and the ceceal contents was examined
microscopically for the presence of H., meleagridis. Cause of death
was recorded as hlackhead or "other causes?. It may be noted here
that the experimental birds were almost entirely free of cecal wornsj
the few infected individuals being ell from the natural exposure groups.

¥ethods of drugz administration were by mixing with a stendard
growing mash or by dissolving the compound in the drinking water. To
medicate feed an appropriate amount of a 20 per cent pre-mix was first
thoroughly mixed with 10 pounds of mash. This was then added to L0
pounds of mash and mixed for 5 minutes in en electric mixer. The med-
icated feed was then stored in labesled, covered cans.

Medicated drinking water was prepared fresh daily and was placed
before the birds in an earthenwere container as their sole source of
water. On particularly warm days consumption was checked about 3 P.M.
and, 1f necessary, more medicated water was added.

In all experiments in which medication was used, a 24 to l8 hour
preliminary feeding perlod of the medicated group was employed prior to

exposure.
B. Establishing and evaluating carriers

1. Inoculation of experimental birds. In attempting to establish
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carriers some variation in number of inoculations, concentration, and
culture stralns was employed.

In experiment 1 a single group of 20 Khode Island Red chicks was
used. These birds each received an initial inoculation of 3.8 x 103
histomonads from culture l. Seven days later each bird was dosed with
1.2 x 10h organisms from culture 2. A third inoculation was given 1
week later and consisted of 1.5 x 10l histomonads from culture 2.

In the second experiment 2 groups of Rhode Island Red chicks were
established and designated groups A and B. Each bird in group A re-
ceived 1.2 x 105 histomonads from culture 1, while the chickens in
group B were inoculated with 1.2 x 105 histomonads of culture 2.

In experiment 3 the effect of serlal dilution of inocculum was
tested on 20 White Holland turkey poults and 20 Rhode Island Red chicks
divided into 10 groups of L birds each. A pool of organisms was made
from culture 2 end the concentration was determined by hemocytometer
count to be 1L.5 x 105 histomonads per ml . A dilution series of 16
tubes was set upj; tube 1 received 6 ml. of the poocled inoculum and
tubes 2 through 10 received 2 ml of sterile culture medium. Using a
10 ml pipette, 2 ml of the inoculum was withdrawn from tube 1 and
introduced into tube 2, Mixing was effected by drawing up and re-
leasing the suspension 3 times. A 2 ml aliquet was then withdrawn
and transferred to tube 3. In a like marner, using the same pipette
the procudere was repeated through tube 10. This resulted in a Beries
of dilutions ranging from the undiluteu pool to a dilution of 1 to
19,683 at which point the concentration had diminished to 73 organ=—
isms per ml. Several of the dilution were checked by hemocytometer

count and a close agreement with the calculated dilutions was found,
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& 1 ml pipette was placed in each tube of inoculum and was there-
after removed only for inoculation. A series of 3 rectal inoculations
of 0,1 ml each was given at intervals of 1 hour to the 2 chickens and

2 turkeys of each group.

2. The treatment of carriers. Carrier birds established were
removed to clean wire floored cages and divided into 2 groups. The
medicated group was placed on a ration containing 0.05 per cent en-

heptin; the controls were fed a standard growing mash.

3. The examination of cecal droppings. In these and in other

experiments it was necessary to make daily examinations of cecal
droppings to determine the presence or absence of H. meleagridis.
Cecal droppings can be distinguished from main bowel evacuations by
their color, consistency, and form. Material from the ceca iz usually
light to chocolate brown in color, finely granular, and unformed.
That from the main bowel is variable in color, coarse or fibrinous,
and usually cylindrical. It was found convenient to collect droppings
in small (25x65 mm) jars. These jars were fitted with cork stoppers
through which was driven a length of stiff 22 gauge wire bent into a
loop at one end. Each bottle was labeled to correspond with the wing
band number of an experimental bird. Kach bottle with its accompanying
cork and wire was thoroughly washed and dried before each re-use.
Procedures for collections and examinations were standardized.
Collectionz were made at about 9 A.¥. each morning. This time was
chosen because cecal evacuations usually occur before 9 in normmal birds,
and fresh specimens could then be collected. As much of the dropping

as could be gathered from the pan was transferred to the appropriate
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bottle by the wire loop. To each bottle 2.5 ml of Ringer's solution had
been added previously. The droppings were then thoroughly mixed in the
solution and placed in an incubator set to 42 C; after 30 minutes speci-
mens were withdrawn for examination. HEach bottle was again thoroughly
shaken to insure a uniform suspension and a loopful of this suspension
was removed, placed on a clean glass slide and covered with a 22 mm No. 1
cover gslip. Examinations were made with a compound binocular microscope
at a magnification of LLO x. A specimen was not declared negative until
100 fields had been examined. Positives were recorded after finding at
least one organism showing typical morphology and motility. Findings
were recorded as either positive or negative for H. meleagridis. The
presence of other protozoa such as coccidia, trichomonads, Chilomastix
8p., or ameba was also recorded. In some cases not every bird had passed
cecal droppings at the time of collection. In that event their pans were
checked several more time during the morning. If & dropping had not
appeared by noon an absence was recorded for that day. Usually at the
conclusion of the days collections the dropping pans were scraped clean,

although on occasion several days droppings were allowed to accumulate.
Ce Immunity trials

1. Natural exposure experiments. Four experiments employing 240

poults were performed, 3 used contaminated top soll placed on the floor of
the house and cage and 1 employed exposure to contaminated yards and
houses, In all experiments 1 medicated and 2 control groups each consist-
ing of 20 birds were established. The first control group, designated ine
fection controls, was introduced at the beginning of each experiment to

indicate the degree of blackhead exposure to vhich the medicated group was
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subjected. The second contéﬁl group, cdesignalted immunity controls, con-
sisted of poults from the same brood held in reserve and neither
medicated nor exposadf;This group was introduced into the experimental
house after cessation of medicetion to indicate the degree of resistance
tc hlackhead that could be expected ig poults neither previously exposed
to the disease nor treated with the drug. In addition to wing banding,
different colored leg bands were used for ready icemtiiication of the
3 groups. In all experizents & stancarc growing mash, medicatec with
enheptin at s conceniration of 0.05 per cent was fed to the medicated
groups. A preliminary drug feeding period of L6 hours was employed for
the medicated groups in all experiments.

The natural exposure experiments were divided into 2 periods of 2
months each. Luring the first perdiod both medicatec and control groups
vere exposed to blackhead. During the second period drug feeding was
discontinued. Then, previcusly medicated poults, survivors from the in-
fection conirel group, and the added immunity control group were
simultaneously exposed to blackhead. An equal degree of exposure for all
groups during the second period was obtained by removing the wire par-
tition and allowing the poults free access to all parts of the house
and cage. In the case of the experiment in which the birds were exposed
in yards, the gates were wired open and the poulis allowed to range

freely in the 2 yards.

2. Exposure by rectal inoculation. The experiments employing rectal

inoculation were divided into 2 periods of 15 days each. As in the case
of the natural exposure experiments 1 medicated and 2 control groups
were used. Initially both medicated and control groups received a rectal

inoculation of histomonads from culture, while the immunity controls
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were held in reserve. At the end of the {irst period half of the med-
icated birds were placed in the carea previously occupied by the
infection controls and half were left in thelr originsl cages. The
immunity controls were also divided into 2 groups, hslf occupying cages
previously used by infection controls and half entered cares previously
occupled by medicated birds. No further inoculalions were given during
the sccond perlod and all birds received unmedicated mash. The immunity
controls served a somewhat different purpose in these experiments since
they were not exposed by inoculation as were the medicated end infection
control groups. However, since they were exposed t ithe ssme enviroment
as the medicated gsroup they would indicate whether cases of blackhead‘
appesring in the medicated group were due tu lalent foci or to con-
tamination of the environment.

In the first experiment 30 White Holland poults were divided into
the 3 desipnated groups. The medicated and infection control groups were
cach inoculated with 3.6 x 105 histomonads from culture 3. During the
first 15 day period the cecal droppings of the medicated group were ex-
anined daily. At the end of the perlod the lmmunity controls were
introduced in the manner outlined above.

A second experiment employed similar techniques. Culiure 3 was
agein the source of incoculum; each poult in the medicsted and infection
eontrel groups received 1.5 x 105 histomonads. Daily cecal dropping
exanminations of the medlcated poulis were carried out during the first
period. At the end of this period 5 medicated birds were sacrificed and
pieces of cecal and liver tissue from each were fixed in Bouin's fluid.
The tissues were dehydrated and embedded in paraffin in the usual manner;

then sectioned on & rotary wicrotome at 6 microns, and stained in
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Delafield's hematoxylin-eosin-agure II. The remaining medicated poultis
and introduced immunity controls were observed for the second 15 day

period.
D. low level and intermmittent feeding of enheptin

1, Low level feeding of enheptin. Feed medicated with enheptin at a

concentration of 0.025 per cent was prepared in the manner previously
described and fed to a group of 23 poults housed in wire floored cages.
After L8 hours they were placed, together with a control group of 22
poults, in house 5 which was divided in the usual manner. Exposure was
by contaminated soil. The duration of the experiment was 3 months, at

the end of this period all survivors were sacrificed.

2. Intermittent feeding of enheptin. Two groups of 20 poults each

were placed in house 9. Separation and exposure were by the usual
methods. On the medicated side 2 feed hoppers were provided; one con-
tained mash medicated with enheptin at a concentration of 0.05 per cent,
the other held regular mash. Each hopper was provided with & hinged lid
so that the type of mash fed could be readily controlled. The medicated
group was allowed to eat medicated mash half of the time and plain mash
for an equal period. The control group received only ummedicated feed.
The duration of the experiment was L months, at the end of this period

the survivors were sacrificed.

E. Medicated drinking water

1, Medication with Hopkincide. Hopkincide is a soluble iodine pre-

paration which is stated by the manufacturer to contain 5 per cent

iodine in solution as Lugol's iodine and another 5 per cent bound by a
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plasma substitute. The recommended prophylactic level of this pre-
paration was 2 grams per gallon (0.05 per cent).

Two groups of poults were exposed to contaminated soil in house 1.
One group, 19 poults, received water medicated with Hopkincide at 0,05
per cent, the other group, 18 poults, served as controls. The experiment
wag terminated after 51 days.

2. Medication with liquid enheptin. The compound tested in this

experiment was supplied by the manufacturer in the form of water soluble
tablets. A concentration of 0,025 per cent was obtained by dissolving
16 tablets in a gallon of water. Twenty-one poults were placed in one
slde of experimental house 1 eand received medicated water during the
period of the experiment. Twenty controls of the same brood were placed
in the other side. Exposure and separation were by the usual methods.

The experiment was teminated after 5 weeks.
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RESULTS AND DISCUSSION

A. Action of enheptin on Histomonas meleagridis
in the cecal lumen of carriers

1. Results of the attempt to produce chicken carriers. In the 3

experiments designed to produce carriers for further study, 60 chickens
and 20 turkeys were used. Chickens proved quite refractory to infection
by the methods employed and nol a single carrier of lasting duration was
produced. Infections were established in a number of birds, but they
always proved to be transitory. For example in Table 1 is recorded the
numbers of positive cecal droppings found after each series of inoc-
ulations in experiment 1. After the last series 16 chicks had shown at
leest 1 positive cecal dropping, however, at a subsequent examination

2 weeks later all droppings were negative.

A similar situation was encountered in the following experiments.
In experiment 2 a coneiderable amount of cecal blockage was produced
but the birds eventually recovered and could not be demonstrated to te
carriers.

In experiment 3 serial dilution of incculum did not produce any
gignificent differences in the number of positive cecal droppings from
chickens, but it did have some effect on the turkeys (¥igure 1). Although
no chicken carriers were produced, 6 turkey carriers were established.

It had been assumed at the inception of this problem that chicken
carriers would be relatively easy to establish. Tyezer (193L, 1936) re-

ported the experimental production of chicken carriers by rectal



TABLE 1

A cozmparison of the number of positive cecal
~ droppings after J series of inoculations

Band Positives Positives Pogitives Final
number after series 1 after series 2 after series 3 examination

111 0/6 2/h o/9 negative
161 0/6 o/l 0/9 negative
3651 0/6 o/l 2/9 negative
3852 0/6 o/k 1/9 negative
3953 0/6 o/L 0/9 negative
3854 0/6 o/l 9 negative
3855 0/6 3/4 3/9 negative
3856 0/6 o/l 0/9 negative
3857 0/€ o/L 1/9 negative
3860 0/6 /4 3/9 negative
3862 0/6 &/l /9 negative
3863 0/6 o/k 2/9 negative
386l 0/6 o/L 2/9 negative
3866 0/6 o/ks 5/9 negative
3868 1/6 1/L L/9 negative
3869 o/6 2/k 2/9 negative
3870 1/6 o/k 2/9 negative
387 0/6 o/l 2/9 negative
3872 1/6 o/L 1/9 negative
3874 0/6 2/h 1/9 negative

Humerator of fraction is number of positives recorded
Tenominator is number of examination days
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inoculation of histomonads cultured at 37 C. Altoough Tyzser cited
several examples of birds wihich rewained carriers for as long as 7
zmonths, the majority of his chickens were sacrificed within 14 days
after inoculation. If this criterion is applied to the birds dealt

with in this problem, many carriers were produced. However, a period

of only 1L days was not considered adsquate for evaluation of the action
of the drug.

Although several atlempts were made to duplicate the conditions
under which Tyzzer established carriers, H. meleagridis could not be
grown at 37 C. Both primary isolation and stepwise alteration of temp-
ecature from L2 to 37 C failed.

It is interesting to note in connection with *the failure to estab~-
lish carriers, that not a single cecal worm was found in the chickens
at autopsy. Since under natural conditions chickens are commonly in=-
fected with Heterakis, and one of the proven routes of transmission is
tnrough the cecal worm egg, this observation may be of some significance.
It ie possible that under natural conditions the role of the chicken
as a carrier is almost entirely dependent on the presence of cecal worms.
It appears likely that the presence of histomonads in the cecal lumen
is transitory; the continuance of the chicken as a carrier being due to
the protozeon finding female Heterakis and maintaining itself in the

nematode host rather than in the cecal lumen.

2. The treatment of turkey carriers with enheptin. Unlike the chick-

ens, the turkey carriers established in experiment 3 were found to retain
their infection. Periodic cecal dropping examinations during a period
of Bl days elapsing between inoculation and medication were positive

for He meleagridis. The result of treatment with 0.05 per cent enheptin
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TABLE 2

The anhantin An $nwrbor

——~The affect of 0.35 per. cent enheptin on turkey
““carriers ? Histomonas meleagxidis

Band Positive
number Group droppings Autopsy findings
3827 Medicated 0/9 Small healed lesions in ceca; contents
of ceca negative for li. meleagridis
3831  Medicated 0/9 Normel. Negative for H. meleagridis
3833 Medicated 3/9 fmall healed lesions in cecaj contents
of ceca negative for He meleagridis
3832 Control 5/9 Small lesions in cecaj contents
of ceca positive for H. melesgridis
3826 Control 9/9 Small healed lesions in liver; lesions

in ceca, contente of ceca positive

for g. meleagzédis

3836 Control L/9 Small lesions in ceca; contents
of ceca positive for H. meleagridis

Numerator of fraction is number of positives recordsed
Denominator is number of examination days
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is shown in Table 2. Cecal dropping exsminations were begun 3 days after
medicetion commenced. Enheplin caused the disappearance of the protogzoon
from the cecal droppings within 3 days in the cese of 2 turkeys and
within 6 days in the remaining poult. In all, 9 examinations were made
the last being 3 weeks after incepticn of treatment. At autopsy the
cecal contents of the medicated birds were negative, although healed
lesions were found in 2 cases.

B. The effect of enheptin on the production of
immunity in turkeys exposed to tlackhead

1. Hatural exposure groups. The resulis obtained in these ex-~

periments ere given in Tsbles 3,L,5, and 6; and Figures 2,3,L, and 5.
A sumnary of the L natursl exposure experiments is given in Table 7
and Figure 6.

The initial exposure to bLlackhead during the first 2 month period,
as judged by the mortality rates of the infection controls, varied in
severity from a low of L5 per cent to a high of 80 per cent. No deaths
occurred in the medicated groups during the first 2 month period in
any of the experiments.

During the second period the severity of exposure, as judged by
mortality in the introduced immunity controls, wes alsoc quite variable.
Mortality figures ranged from 15 per cent to a high of 36.8 per cent.
Losses in the medicated group varied from 15 per cent to 47.3 per cent.

On the whole, losses during the second period of experiments 3 and
i were lems than those occurring in the same period in experiments 1
and 2, These former periods fell partly within a 2 wmonth drought which
decreased blackhead losses generally throughout the area.

In all experiments the averare duration of life in the infection



TABLE 3

Average duration of life in 3 8 of poults
exposed to contaminated soil (exp. 1

32

Average duration Mortality (per cent)
Group of life (days) 60 days 120 days Total
Ismunity controls 87.4 0 25 25
Infection controls 63.5 60 20 80
Medicated group 810? 0 h?cB h7.3
TABLE L
Aversge duration of life in 3 8 of poults

exposed to contaminated soil (exp. 2

Average duration Mortality (per cent)
Group of life (days) 60 days 120 deys Total
Imaunity controls 197 0 35 35
Infection controls 55.3 LS 20 65

Medicated group 79.1 0 Lo Lo
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TABLE 5

Average duration of life in 3 groups of poults
exposed o conteminated ground (exp. 35

Average duration Mortality (per cent)
Group of life (days) 60 days 120 days Total
mmiw Oontmls 81‘7 4] 36.8 3618
Infection controls 45.1 80 4] 80
Medicated group 82.7 0 15 15
TABLE 6

Average durastion of life in 3 groups of poults
exposed to contaminated soil (exp. 4)

Average duration Mortality (per cent)
Group of life (days) 60 days 120 days Total
Imsunity controls 100 0 15 15
Iniection controls 30 55 0 55

Medicated group 86.7 0 20 20




TABLE 7

smmg of g eriments aheviq%aavcragg duration

of IIfe In poults exposed to contaminated
surroundings
Average duratien Mortality (per cent)
Group of life (days) 60 days 120 days Total
Immnity controls  B7.5 I R X
Infection controls h&.S 60 8.75 68.75

Medicated group 82,6 0 3 30
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controls was considersbly shorter than in either of the other 2 groups.
The differences between the medicated group and the immunity controls
varied between experiments but the average showed that durstion of
life was longer in the latter.

Figures on average duration of life in the iniection controls are
not entirely accurate since some poulis were sacriiiced during the
period of clinical symptome ceveral dasys before death would normally be
expected to occur. Total mortality rigures, however, were not affected
since at autopsy all such poults showed extensive cecal and liver
lesions which were judred sufiicient to have caused death hzd the disease
been allowed to run its course.

The most significant finding revealed by the data for the L ex-
periments is that there was little difference between the medicated
rroups and the immunity controls in regard to duration of life and
mortality. As a matter of fact the immunity controls had a slightly
lower death rate as well as a longer duratiion of life. It seems reason=-
able to assume that had any immunity been formed during treatment,
it would have been reflected in a8 lower: mortality and longer duration
of life in the medicated group. Therefore it would appear on the basis
of this evidence that poults exposed to clackhead and receiving a
prophylactic level of enneptin (0.05 per cenil), do not form luuunity.

One difference which appeared to be of doubtful signiflcance at
this time, is shown in Figures 2,3, and 5. In these 3 experiments
losses from blackhead, after cessation of treaitment, began in the
medicated groups sooner than in the immunity controls. In experiment
1 (Figure 2), 5 previously medicated poults died of blackhead before

a single loss occurred in the immunity controls. These observations
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were similar to those noted by DeVolt and Tromba (1950) in a parallel
experiment utilizing exposure by rectal inoculation of histomonads
from culture. A discussion of this phenomenon will be deferred (p. 36)
until after presentation of further data on exposure by rectal inoc-
ulation.

2. Exposure by rectal inoculation of histomonads from culture.

Although 2 experiments were periormed utilizing rectzl inoculation,
only the first is tabulated, Table 8 and Figure 7. In the second
experiment data were incomplete since half the medicated group was
sacrificed for histological study.

The culture used was highly pathogenie, as shown by the 100 per
cent mortality in the infection controls., This high mortality resulting
after rectal incculation of culture material is in agreement with
reports by LeVolt and Holst (19u43, 19L9).

During the first 15 day period daily examinations of cecal
droppings of the medicated birds were negative. In the second 15
day period symptoms appeared in the medicated group 2 days after
cessation of treatment. The first death occurred 5 days after removal
of medication and, in all, 8 deaths occurred within 11 days after the
beginning of the second period. The 2 survivors never showed symptoms
and were negative for histomonads at autopsy. No deaths or symptoms
appeared in the immunity controls and all were negative when sacrificed.

In the light of these findings the observations of DeVoll and
Tromba (1950), and the diiferences noted between immune controls and
medicated groups in the contaminated soil exposures, are of signifi-
cance. It is evident that not only had the immune mechanism fajled ,

but in addition latent foci of infection had been mainteined.
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TABLE 8
lmr g duration of lifa m
o blackhead by mtion
Average duration Nortality (per gent)
Group of li.t‘c'(_dgy:) 15 days 30 days Total
Imausity controls 30 0 0 0
Infection contrels 10.3 -100 0 100

Medicated group 21 0 80 80
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There is a striking similarity between human malaria and black-
head in turkeys in regard to these two points. Clinical malaria in
exposed persons will nnt eppear as long ae a prophylactic level of
atabrine or quinine is naintained. However, on cessation of treatment
clinical maniiestations will often appear, even if the person is not
in a malarial area. Shortt and Garnham (1948) found that the site of
exo-erythrocytic development in humen malaria was the liver. In
blackhead, although any body tissue could concelivably be the site of
latent foci, it seemed reasonable to assume that the 3 most likely
places would be the cecal lumen, the cecal tissues, and the liver.

This assumption was strengthened in part by Tyzzer's cbservation (193L)
that occasionally microscopic foci of infection could be found in the
cecal tissues of chickens which appeared normal on gross examination.
Cecal dropoing examinations conducted on poulis medicated with enheptin
had slready shown that histomonads could not be demonstrated in the
cecal contents, it remained therefore to investigate the tissues

histologically.

3. Histological study of exposed medicated poults. A unifornm

expasure to the highly virulent organisms of culture 3 resulted in

100 per cent mortality in the infection controls. During the period of
medication the exposed medicated group was checked daily for histomonads
in the cecal droppings: s&ll examinations were negative. At the cessation
of prophylaxis 5 medicated poults were sacrificed; no lesions were
apparent on grosg exasaminetiocrn of the ceca and liver; the cecal contents
were negative. Within 8 days after removal of the drug L of the sur-
viving medicated poults had died; the survivor was negative at autopsy.

No deaths cccurred in the immunity controls and all were negative when
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sacrificed.

Sections prepared from the livers of the 5 mediczted poults sacri-
ficed at cessation of treatment were negative for H. melezoridis. The
tissue was normal and exhibiied none oif the changes which Farmer,
Hughes and Whiting (1951) have regarded as indicative of infection
in artificially induced blackhead.

Sections of the ceca, in li cases, showed an invasion of the gland-
ular epithelium by orgenisms measuring, on the averagre, 9 microns in
diameter (Ficure 9). The cytoplasm of these forms was quite basophilic
with numercus inclusions while the nucleus showed a deeply stained red
karycsome surrounded by a clear nuclecoplasm (Figure 10). Comparison
of these orzanisms with the descriptions and figures of Tyzszer (1919)
and with sections prepared from the ceca of fatal cases of blackhead
proved that these organisus were the invasive phase of Histomonas
melecagridis.

Ho great concentration ol organisms was seen and penetration was
limited to the glandular epithelium. Clear areas were observed to occur
surrounding many of the histomonads; this msy be teken as the result
of lytic action by the parasite or it may be a fixetion artifact. No
significant host tissue reaction was noted, although a slight eosin-
ophilia may have been present.

The fincing of H. meleagridis in the cecal tissues c¢f turkeys re-
celving a prophylactic feeding of enheptin during exposure explasins the
earlier deaths observed in such birde when medication is removed. It
also reinforces the data on the failure of immunity, although the ex-
planation for this fallure is not clear. It may be that the immune

process in blackhesd is dependent on metastasis to the liver via the



blood, which when it occurs in the course of the discase in unaedicated
turkeys results in the production of scme iuuune individuals. '[his im-
plies that in medicated individuals a histomonicical level of enheptin
is maintained in the blood. Limited support is given this hypothesis
by the fact thalt liver sections of medicated poults were negative for
H. meleagridis. Clarificaticn of this point must await further in-

vestipation.
C. low level and intermittent feeding of enheptin

1. Prophylactic effect of low level enheptin. The results of this

experiment are given in Table 9. The rate of susceptibility includes
birds dying of blackhead and birds found to have lesions when sacri-
Iiced. Since lue suscepiiblility ratle in the medicaled group wses higher
than that in the countrols it is apparent that 0,025 per cent enheptin

nas no value as a prophylactic.

2. Intermittent feeding of enheptin. Results obiained are siven

in Table 1C. A3 in the previcus experiment susceptibility figures re-
flect fatsl cases and those having lesions when sacrificed. The average
durstion of 1life in the control group wes 37 days as compered with

70.5 days in the medicated group, however, no significant difference
was found in susceptipility rate. Althcugh the drug succeeded in pro-
longing life, its failure as a prophylactic when fed intermittently

makes thie procedure of little value,

D. Prophylaxis by medicated drinking water

1. Medication with Hepkincide. The results of tihis experiment are

given in Table 1l. Although the suscepiibility ratle was higher in the



I

TABLE 9

Death rates from blackhead after exposure to
contaminated soil in poults treated with
0.025 per cent enheptin and controls

Deaths Having lesions Susceptibility
Croup Number Ho. Per cent when sacrificed Number  Per cent
Medicated 23 8 3h.7 10 18 78.2
COntrOl 22 9 hooa 7 16 7207
TABLE 10
Death rates from blackhead after exposure to
contaminated soil in poults treated with
0.05 per cent enheptin intermittently
and controls
Deaths Having lesions Susceptibility
Group Number No. Per cent when sacrificed Number  Per cent
Medicated 20 9 L5 1 10 50
Control 20 11 55 1 12 60
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control group the difference was not significant., It is doubtful that
Hopkincide has any value as a prophylactic in blackhead.

2. Medication with liquid enheptin. The results of this experiment

are given in Table 12, As in previous experiments susceptibility ine
cludes poults dying as well as those having lesions at autopsy. Since
the mortality in the medicated group clesely sprroximated that of the
control group and the susceptibility rates in both groups were equally
high it is apparent that this preparation of enheptin had no value

as a prophylactie.
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TABLE 11

Death rates from blackhead after exposure to
contaninated soil in poults treated with
Hopkincide and controls

Deaths Having lesions Susceptibility
Grouwp Number No. Per cent when sacrificed Mumber Per cent
Medicated 1y 9 L7.3 5 1 73.6
Control 18 11 61 5 16 89
TABLE 12
Death rates from blackhead after exposure to
contaminated soil in poults treated with
1iquld enheptin and controls
Deaths Having lesions Susceptibility
Group Number No. Per cent when sacrificed Number  Per cent
Medicated 20 12 60 7 19 95
Control 21 1k 66.6 5 19 90.L




SUMMARY

Establishment of chicken carriers was attempted by multiple,
serial, rectal incculations with histomonads cultured at 42 ¢. Sixty
Rhode Island Red chickens so inoculated failed to pass the organism in
the cecal droppings for longer than 10 dsys. Because of the negstive

result of these inoculations, and since Heterakis callinae was not re-

covered from any of the experimentel birds, it is suggested that under
natursal conditions the carrier state in chickens is prolonged by the

maintenance of Histomonas melearridis in the tissues of the cecal worm.

Twenty White Holland turkey poults inoculated rectally with
histomonads from culture produced 6 carriers which remained positive
for 81 days. Treatment of 3 of these with enheptin (2=amino,S5-nitro-
thiazole) caused the disappearance of He meleagridis from the cecal
droppings.

In 6 experiments on immunity, White Holland turkey poults were
divided into 3 groups; medicated, infection controls, and immunity
controls. Exposure to blackhead was by contaminated top soil, con-
taminated ground, and by rectal inoculation of cultures, Eedicatioq
in all cases was by incorporation of enheptin in a standard growing
mash at a concentration of 0,05 per cent.

Medicated birds in the nstural exposure groups suffered a 30
per cent loss after removal of the drug. Immunity controls lost 27.5
per cent while the infection controls suffered a 68.75 per cent loss.

Immunity to blackhead was not developed during treatment with enheptin



=
WA,

in bird4 exposed by contaminated scil.

In exposure by rectal inoculetion of culture, mortality in the
infection controls wes 100 per cent while the medicated sroup suffered
an 80 per cent loses after removel of the drug. The immunity controls
experienced no losses at any time. As in the preceeding groups,
immunity was not developed during prophylactic trecatment.

In L of 5 turkeys sacrificed after exposure and during treatment

with enheptin, H. meleagridis wes demonstrated in sections of the gland-

ular epithelium of the ceca even though the droppings had been negative
for 15 days previous to autopsy. Sectione of the livers of these birds
were uniformly negative.

The presence of microscopic foci of infection, which have been
hitherto observed only in untreated chickens, explains the relapses
suffered by turkeys when prophylactic treatment is removed.

The use of other prophylactic levels of enheptin, 0.025 per cent
fed continuously or 0.05 per cent fed intermittently failed to protect
poults sgainst fatal infections of blackhead. Attempts to apply pro-
phylaxis by means of drinking water medicated with Hopkinecide, or by

the use of liquid enheptin were unsuccessful,
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CONCLUSICNS

ls Chicken carriers of Histomonas meleagridis were not established

by inoculation with ihe parasites cultured in & Locke's slkaline serum
mediwa at 42 C.

2. Losses from blackhead in turkeys often occur rather quickly
after cessation of ireatment wilh enhiepiin.

3. In a limited number of turkey carriers 0.05 per cent enheptin
terminated patency.

o buring simuiveneous treatment with 0.05 per cent enheptin and
exposure to the disease, immunity to blackhead did not develop.

5. Although enheptin at 0.05 per cent terminated patency, it
failed in scme cases to eliuminate histomonads from the cecal glands
of turkeys.

6. While treatment with enheptin places blackhead under control,
losses are often resumed rather quickly after cessation of treatuent
because of latent foci of iniecltion in the glandular epitheliwa of the
ceca.

7. Enheptin at the 0,025 per cent level, intermittent feeding at
the 0,05 per cent level, and soluble iodine (Hopkincide) all proved

ineffective as blackhead preventives,
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Fig. |

THE EFFECT OF SERIAL DILUTIONS ON NUMBER
OF POSITIVE CECAL DROPPINGS
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FIG. 2

COMPARISON OF DEATH RATES IN 3 GROUPS
OF POULTS EXPOSED TO CONTAMINATED SOIL.
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FIG 3

COMPARISON OF DEATH RATES IN 3 ADDITIONAL
GROUPS OF POULTS EXPOSED TO CONTAMINATED
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FIG. 4

COMPARISON OF DEATH RATES IN 3 GROUPS
OF POULTS EXPOSED TO CONTAMINATED GROUND.
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NUMBER BIRDS DYING

FIG. 5

FURTHER COMPARISON OF DEATH RATES IN 3 GROUPS
OF POULTS EXPOSED TO CONTAMINATED SOIL.
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FiG. 6

SUMMARY OF 4 EXPERIMENTS COMPARING THE
DEATH RATES OF 3 GROUPS OF POULTS EXPOSED
TO BLACKHEAD UNDER NATURAL CONDITIONS.
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NUMBER BIRDS DYING.

FIG 7

COMPARISON OF DEATH RATES IN POULTS EXPOSED
BY RECTAL INOCULATION OF HISTOMONADS FROM
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Figure 8

Section of liver of turkey poult showing
histomonads in the vegetative phase. Dela-
field’s hematoxylin-eosin-azure II. x 900
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Figure 9

Cecal gland of medicated turkey poult exposed
to blackhead and sacrificed during medication.
Histomonads shown at A* Delafield’s hematoxylin-
eosin-azure II. x 1450.
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Figure 10

Enlarged view of a portion of the cecal gland
shown in Fig. 9. x 900
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