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INTRODUCTION

Histomoniasis (synonyms; blackhead, enterohepatitis)
was first described in turkeys by Cushman in 1893. Since
that time the literature concerning this disease has in-
creased voluminously. The majority of the investigations
have dealt with the etiological agent, mode of transmission,
pathology, treatment and prevention of histomonlasis in
turkeys. Since the disease spreads rapldly and is highly
fatal to turkeys, most of the work has been done utilizing
this host. Turkeys of all ages are susceptible, although
some workers consider the most dangerous period to be 4 to
25 weeks of age. Mortality is quite variable, sometimes
reaching 100 percent.

The literature pertaining to fatal histomonliasis in
chickens has been scant. The importance of this disease in
chickens has been minimized to the role they play in main-
taining and disseminating the etlological agent, and the
economlic loss in this host 1s not often realized. Although
fatal histomoniasis in chickens does occur, the benign form
is seen more often and is followed by recovery, even though
the lesions produced are quite similar to the leslons 1n
turkeys dying of the disease. The abllity of stress to

trigger fatal histomoniasis in chickens has been suggested,
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although never adequately substantiated with controlled ex-
periments. The wmechanisms and clrcumstances responsible for
resistance of chickens and turkeys to histomonlasls and the
factors affecting thls resistance have not been investlgated.
The purpose of this investigation was to determine whether
various stress conditions (starvation, exposure to temper-
ature extremes, anemla, coccldia infection, vaccination,
cortisone) would alter the disease or mortality in chickens
and turkeys due to Histomonas. In addition, an answer was
sought for the question of whether bacterial flora in the
ceca Influenced growth of the histomonad or was in some way
responslible for the course of the disease. The question of
immunity was also ralsed. It had been shown by Sautter gt
al. (1950) that whole blood obtained from turkeys, recover-
ing from histomonlasis, would not protect susceptible
turkeys from contracting the disease. In the present in-
vestigation an attempt was made to determine if serum, ob-
talined from recovered turkeys, influenced the course of
histomoniasis in chickens, or 1f immune or non-immune chicken
sera protected turkeys from contracting blackhead. An
attempt was also made to determine what effect age, previous
exposure, and splenectomy (in chickens only) would have

upon histomoniasis in chickens and turkeys.



REVIEW OF LITERATURE

Histomoniasis was first observed in turkeys by Cush-
man (1893), and later the etiological agent was described
by Smith (1895) as Amoeba meleagridis, a protozoan which he
observed could produce conditions in turkeys comparable to
amoebic dysentery in man. Tyzzer (1920) noted the mastigo-
phoric and pleomorphic nature of this protozoan in the ceca
of turkeys and classified it as Histomonas meleagridis (order
Rhizomastigina). Delaplane (1932) isolated flagellated cecal
protozoa, which produced fatal histomoniasis, when used to
infect other turkeys, thus supporting Tyzzer's studies. Be-
sldes the flagellated stage, which possessed from 1 to 4
flagella and occurred in the lumen of the turkey ceca,
Tyzzer (1919) observed aflagellated tissue forms which he
divided Into three stages - invasive, vegetative, and re-
slstant. The 1invasive stage was consldered to be that
stage of Hlstomonas found in early leslons. The cytoplasm,
containing incluslons, was basophllic and consisted of
clear ectoplasm and finely granular endoplasm. The vege-
tative stage was larger than the 1invasive stage and appeared
in slightly older lesions. The cytoplasm, without inclu-
sions, was still basophlilic and transparent. The resistant

stage, found in the oldest leslions of the disease, was
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smaller than the two previous stages and possessed an acldo-
prhilic cytoplasm filled with small granules or globules.

Other protozoa have been incriminated from time to
time as the etliologlcal agent of enterohepatitis. Cole and
Hadley (1903) reported the coccidium, Eimeria avium, as the
causative agent, and they maintalned that the amoeba which
Smith observed was really a schizont stage of thils paraslite.
Similarities and dissimilarities between coccidiosis and
enterohepatitis were indicated by Schofield (1926). Tri-
chomoniasis, another protozoan disease, has been confused
wlth histomoniaslis. Symptoms and pathology are somewhat
similar for both diseases. Hadley and Amison (1911) and
Jowett (1911) believed that blackhead was caused by tri-
chomonads, but thelr work was repudlated by the works of
Tyzzer (1919, 1920). More recently Allen (1936) has advo-

cated two types of enterohepatitis, one type produced by

Histomopnas meleagridls and the other by Pentatrichomonas
gallinarum. Leslions of both types may be differentlated

macroscopically (Santos 1944, Allen 1941)., Other etio-

logical agents of histomonlasis besldes protozoa have been
advocated. Yeast-like fungl have been incriminated several
times in this capacity. Enigk (1935) and Menzani (1939)
reported a blastomycete as the cause of the disease. Kuprowski
(1955) regarded the hepatic leslons, characteristic of the
disease, as anemlc infarcts. He 1isolated Candida alblicans

from the livers of two out of eleven turkeys dying from



5
blackhead, and considered thls fungus to be responsible for

the disease.

The growth of Histomonas 1n vitre was first accom-
plished by Boeck (Tyzzer 1934). Using Locke-egg-serum
medlium he isolated Hlstomopnasg, together with bacterial flora,
from cecal discharges of a chicken. Drbohlav (1924), also
using Locke-egg-serum medium, noted the importance of hydro-
gen 1on concentration, as did Tyzzer (1934) with his medium.
Bishop (1938) isolated and maintailned Histomonas in Laidlaw's
medium. She observed, as dld Tyzzer (1934), that Histomonas
may be rendered non-pathogenic by propagation in yitro over
a period of time. Delappe {(1953a), using Laidlaw's medium,
demonstrated the use of antiblotics in facillitating in yitro
isolaticn of Higtomopas. He also cbserved the effects of
pH changes, age of original inoculum, anaerobic environments,
and oxidation-reducticn potentials upon growth of the his-
tomonad in culture (1953b, 1953¢c, 1953d). So far no one
has been successful in growing Histomopes free of bacteria,
nor has culturing been very successful for dlagnosis.

Histomonlasis is a dlisease of fowl not autochthcnous
to any one part of the world, as affirmed by reports from
such widespread areas as Australla (Hungerford 1937); Braziil
(Santos 1944); Dutch East Indies (Picard 1929); Germany
Enigk and Wetzel 1938); Italy (Menzani 1939); Japan (Niimi
1930); Poland (Kuprowski 195C) and Russia (Vorob'ev and

Kolotilov 1954).
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Most of the literature on histomoniassis has been con-
cerned with turkeys, mwainly due to 1ts economic importance
in thls host. However, it is also of primary importance in
chlckens. It has been observed by many workers that chickens
experience a mild form of the disease, reccver, and remain
carriers and dissemlinators of the disease. Some 1nvestl-
gators noted that histomonlasis results in retarded develcp-
ment of the chicken (Baker 1933) and sometimes mortality.
Kaupp (Eveleth 1943) observed the death of 42 out of 43
five-week-o0ld Silver Spangled chickens. Eveleth (1943) re-
ported anm outbreak in chickens in which there was a loss of
250 out of a flock of 500 with more showing symptoms. He
also noted retarded growth in infected chickens. LEunger-
ford (1937) reported an epidemic in New South Wales which
killed 200 out of a flock of 640 chickens; in another flock
of 400, twenty-five percent died. Eriksen (1925) stated
that losses may vary considerably 1in different flocks of
chickens. Two flocks were observed to suffer losses of
more than 50 percent while other flocks, complicated with
coccidiosis or brooder pneumoriz, also showed high mor-
talities. It is the opinion of Lund (1956) that histomoniasis
in chickens 1s serious when thelr resistance 1s lowered by
other diseases, by vaccination, or by undue exposure to
adverse conditions.

Other hosts than turkeys and chickens have been

reported to be infected with histomoniasis. Wenrich (1943)
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described the morphology of Histomonas from pheasants, and
Lucas et al. (1956) reported the partridge as a host for
this organism. In Russlia geese were observed to be infected
(Vorob'ev and Kolotilov (1954). Other hosts are grouse,
quail, guinea hens, pea fowl, ducks and pigeons.

Transmission of histomonlaslis may occur in several
ways, when considering both natural and artificial means.
Prior to the discovery by Graybill and Smith (1920) of the
role of the common cecal worm, Hetergkis gallinae, in the
transmission of thilis disease, it was assumed that infection
by the consumptlion of freshly passed histomonads was the
common mode of transmission. However, Graybill and Smith
(gep. ¢it.) produced histomoniasis in healthy turkeys by
feeding them feces {containing embryonated Heteragkils eggs)
of infected birds. Feeding bird feces, not containing
Heterakls eggs, failled to produce the disease in turkeys.
These workers, likewlse, produced blackhead in turkeys by
feeding embryonated Heterakls eggs only, but they did not
determine whether the histomonad was carried along on the
outer surface of the egg shell or within the egg. Tyzzer
and Fabyan (1920) suspended embryonated Heterakis eggs in
1.5 percent nitric acid for 3 days to render them bacteri-
clogically sterlle and, at the same time, destroy any hils-
tomonads that might have been adhering to the outside of
the egg shells. Exposure of the unprotected histomonad in

feces to 1.5 percent nitric acld was observed to be lethal
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to the organism. Upon feeding these "sterilized" embryonated
eggs to turkeys the disease was produced, therefore indicat-
ing the location of the histomonad. The ingestion of male
Hetergkls or non-embryonated Heterakis eggs did not produce
histomoniasis (Tyzzer 1934), nor did a ground up suspension
of embryonated eggs or larvae (Swales 1948). This indicated
that hatchable embryonated eggs were necessary for producing
the dlsease. The histomonad itself has never been demon-
strated satisfactorily in the Heterakis egg. Niimi (1930)
claims to have seen the causative organism, but his work
has never been substantiated. Many methods for demonstra-
tion have been tried by different workers, but to no avail.
Histomonas has been observed in the Heterakls larvae by
Tyzzer (1934), who pilctured the histomonad in the intestinal
epithelium of an eleven-day-old iarva. Swales (19&8) art-
ificially hatched embryonated eggs, sterilized the larvae
in 50 percent hydrogen peroxide, and introduced them directly
into the ceca of a turkey by means of a laparotomy to pro-
duce histomoniasis. He concluded that the living larvae
must be present to initliate the disease process, but upon
repeated examination of larvae was unable to demonstrate
the histcmonad at any time. Out of 100 worms from a turkey
dying of blackhead, Desowitz (1950) observed sections from
one showing 2 enlarged intestinal eplthelial cells filled
witr amoebulae which he believed to be Hlgtomonag. Connell

(1950) observed in second stage Heterakls larvae abnormalities,



such as cuticular swellings and diffuse thickenings, and
suggested that they might be caused by a stage of Histomonas.
Although no stage of Histomonas has ever been satis-
factorily demonstrated in the Heterakls egg, 1t has been
observed by many workers that the organism, in thils pro-
tected niche, is qulte resistant to environmental conditions.
Graybill (1921) stated that "infectious soill that had remained
unoccupied for a period of five months, beginning in the
depths of a severe winter, still harbored viable ova of
Heterakis and proved highly dangerous to young poults.”
Four healthy turkeys which he placed 1n the yard 1in ques-
tion contracted histomoniasis. Tyzzer (1G34), Van Es and
OClrey (1934), and Niimi (1937) also observed this over-
wintering of the histomonad within the still viable Heterakls
egegs. Farr (1956) seeded outdoor plots of earth to a depth

of two inches with fresh droppings of chickens and turkeys

containing Histomonas and the eggs of several nNematodes,
one of which was Heterakis. After a period of 66 weeks

samples from these plots, when fed to healthy turkeys, pro-
duced histomoniasis., During this period of time temper-
atures ranged from 5° F to 100° F,

Transmlsslion of histomoniasis by the 1ingestion of
free histomonads 1in droppings probably occurs only rarely
The causative agent 1s unable to survive longer than a few
hours outside the avian host. Tyzzer and Collier {(1925)

stated that "the protozoan 1s discharged in a form that is
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incapable of surviving long outside the body, but which may
produce infection if immediately ingested." Tyzzer (1932)
and others reported that very Airregular results follow
attempts to transmit the infection by feeding droppings of
infected birds. Graybill and Smith (1920), Niimi (1937),
and others falled to produce blackhead when they fed drop-
rings contalning free histomonads. Oral 1lnoculation of
enulsifled diseased organs or of cultures have also produced
variable results. Lund (1955) obtained very low mortality
(1 or 2 percent) in turkeys when he infected them per 9g
with unprotected histomonads. He stated that "ingestion of
histomonads along with solids or materials requiring di-
gestlion apparently reduced the infectivity of the organisms,
and the ability of the organisms to provoke symptoms was
reduced correspondingly.” No deaths resulted from these
infections. Horton-Smith and Long (1956) showed that a low
pH (2.9-3.3) in the gizzards of chickens 1is lethal to the
unprotected histomonad. They observed that starved chickens
maintained a higher pH (6.3-7.0) in the gizzard, thereby
enabling them to infect chickens orally with histomonad
suspensions. However, the highest incldence of infections
was obtained by administering histomonad suspensions to
starved chickens that had received one gram of alkali mix-
ture (4O percent calcium carbcnate, 17 percent magnesium
trisilicate, 43 percent colloidal kaolin) beforehand. These

investigators also observed the effect of storing histomonad
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suspensions at different temperatures for varyilng lengths
c¢f time. The highest proportion of infections occurread
when the material was admlinistered immediately after 1its
preparation. At 4.4°C for 2 hours no infections were pro-
duced., Tyzzer et al. (1921) reported that freezing killed
the etiological agent of histomonlasis.

Other methods of transmission of histomonlasis have
been used experimentally. Tyzzer (1934) found that rectal
inoculation was more reliable than oral inoculation in pro-
ducing infection. Farmer and'StephenSOn (1949) reportsd
that rectal inoculation of emulsified ceca produced higher
mortality in turkeys than other methods of infection. Lund
(1955) attempted to administer quantitative rectal inocula-
tions of histomonad suspensions, and noted that the incidence
of infection, rate of mortality and time of appearance of
symptoms varled with the size of infective dose. One-
hundred thousand histomonads when introduced rectally into
turkeys resulted in shorter prepatent periods, 100 percent
incidence, and 100 percent mortality.

McGuire and lMerehouse {(1938) experimentally produced
histomoniagls by transfusing blood from the cecal or mesenteric
veins of diseased donor birds into the wing vein of sus-~
ceptible turkeys. He observed leslcns in many of the in-
ternal organs, but cecal involvement did not occur. MNo
infection was produced when he transfused blood from the

heart or wing veln of infected donor birds to susceptible
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turkeys. Tyzzer and Fabyan (1920) produced histomoniasis
in turkeys by the injection of histomonad suspensions sub-
cutaneously and intramuscularly. Leslons appeared at the
site of inoculation, the histomonad sometimes metastaslzing
to the lungs and liver. Infection of chickens by these
methods proved unsuccessful. Mechanical transmission of
blackhead experimentally by arthropods has been reported by
Frank (1953). Grasshoppers retained viable Heterakls eggs
for at least 96 hours as indicated by infection of turkeys.
Fl’es also were capable of carrying Heterakis eggs mechanic-
ally, but zre probably of little importance in natural trans-
misslilon of the disease,.

The lesions and corresponding symptoms of histomoniasis
have been described many tiwmes. The symptoms which appear
are not specific for this disease. Somnolence, droopy wings
and ruffled plumage, passage of sulfur-colored dropplngs,
anorexlia, emaclation and discoloration of the head are some
of the symptoms that have been observed. The term "black-
head” i1s-actually misleading since the blue-black discolora-
tion of the head seldom occurs in Iinfections with Histomonas.
However, due to the common usage of this term, 1t has been
retained in the literature., The prepatent period for black-
head varles according to the method of iunfectlon. Follow-
ing the ingestion of embryonated Letergkls eggs symptoms
appear in 11 to 17 days, and mortallity occurs 1n 14 to 26

days. Rectal inoculatlion shortens the prepatent perilod
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and time for mortality to occur by approximately one week.
Many workers have described the gross pathologic conditions,
mainly in reference to the liver and ceca. Characteristic
liver lesions were described by Lund (1955) as being circuin-
scribed (sometimes cocalesced), grayish-white in color, and
depressed or ralsed in the center. He described cecal
lesions as conslisting of inflammation and ulceration, while
the ceca often contained thick greenish-white materlal or
large caseous cores. Perltonitls occurred often. That the
ceca are the primary site of infection was shown by Durant
(1930), Delaplane and Stuart (1933) and Schlotthauer et al.
(1933) when they prevented infectlon with blackhead by
abligating the ceca. Lesions have been produced 1in other
crgans than the liver and ceca., Farmer et al. (1951) re-
ported lesions in the sple=en, and microscopic examination of
stailned tissue sections revealed the presence of Histomonas.
Upon subcutaneous 1inoculatlion of turkeys secondary lesions
of the lungs, liver, and rarely of the kldneys were observed
by Tyzzer and Fabyan (1920). Levine (1947) also reported
blackhead lesions in the kidney, and upon microscopic exam-
ination he was able to observe the histomonad. Blood in-
duced infections may produce lesions in the lungs, kidneys,
spleen pericardium, proventriculus, and pancreas {(McGuire
and Morehouse 1958). Malewitz and Calhoun {1958) demon-
strated Histomonag, microscoplically, in lesions of the kidney

and spleen. They alsc observed lesicons In the lungs,
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pancreas, and heart, but were unable to demonstrate the
presence of the organism. Thelr method of infection utili-
zed embryonated Heterakls eggs. Uslng this same method of
inoculation the author has observed lesions 1n the liver,
ceca, proventriculus, spleen, mesentery, heart (see Appendix,
plate I), and kidney and intestinal wall of turkeys and the
ceca, liver, proventriculus f(see Appendlix, plate V), and
spleen of chickens.

Microscopic examination of diseased tissues by means
of tissue sectioning and stalning has been done by Tyzzer
and Fabyan (1920), Farmer et al. (1951), McGuire and More-
house (1958), and Malewitz and Calhoun (1958). In general
leslons are characterized by degeneration, necrosis, hemorr-
hage, congestion, serous exudate, lymphocytic infiltratlion,
and glant cells.

Pathologlcal manifestations in the blood have been
observed by several workers. Johnson and Lange (1939)
reported alterations 1in the differential count and the
developmeat of an anemia in turkeys exposed to Histomonas.
This work was confirmed by McGuire and Cavett (1952) who,
in addition, observed changes in blood glucose (severe hy-
poglycemia occurred in turkeys just before death), erythrocyte
counts and values obtained from the hematocrit.

Factors relating to resistance to infection, immunity,
and recovery have not been lnvestigated sufficliently. Curtice

(1907) stated that turkeys may contract histomoniasis at
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any age and that lmmunity 1s not acquired by previous infec-
tion. Using experiments Tyzzer (1934) described an apparent
development of a resistance to reinfection, following
several rectal 1lnoculatlions of an attenuated strain of
Higtomonas. He suggested that it was necessary to inoculate
birds when young and that there was a need for constant
reinfection in order to maintain a state of premunition.

He reported that inoculation of turkeys was less uniformly
successful than the inoculatlion of chickens, and a loss of
infection included a loss of lmmunity. Swales and Frank
(1943) exposed three-, ten-, and seventeen-day-old turkeys
to litter contalning embryonated Heterakls eggs. In most
cases fatal infection was not initiated until the birds were
3 weeks old, and during this time the turkeys did not ac-
qulre a low grade infection capable of immunizing them
against fatal histomoniasis later in life. Sautter et al.
(1950), DeVolt et azal. (1954), and McGregor (1951) reported
very little lmmunity resulting in turkeys when medication,
having a suppressive effect upon the parasite, was removed.
Sautter et gl. (op. ¢it.) also noted that whole blood ob-
tained from immune turkeys (recovered from blackhead) failed
to protect susceptible turkeys. Waletsky (1950) considered
that there was no certailnty that recovered tirds either with
or without the help of drugs became immune to reinfectlon.
Lund (1957) reported that rectal inoculation of a non-

pathogenic strain of Hligtomonag falled to protect turkeys
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3 to 6 weeks later when they were challenged with large
doses of pathogenic histomonads. ©5Small challenge doses pro-
vided some protection. He observed that the introduction
of non-pathogenic histomonads per os (vlia embryonated
Heterakisg eggs) afforded no protection agalnst challenge
doses of the pathogenic strain administered by either route.
Desowitz (1951), using rectal inoculations, showed age to
be a factor influencing fatal infectlions of histomonlasis
in chickens., Sixty to 71 percent mortallty occurred in six
to twenty-one-day-o0ld chickens as compared to 30 percent
mortality in thirty-four-day-old chickens. On the other
hand, Kendall (1957), using either embryonated Heterakils
eggs Or rectal inoculations of histomonad suspensions, falled
tc observe thls age 1nfluence in turkeys ranging from 7 days
tc 20 months of age.

Sercloglcal tests have been conducted by Rettger and
Kirkpatrick (1927) and Weldin and Kay (Delaplane and Stuart
1935), but the results were variable and unsatisfactory
for diagnosis of elther acute or chronic cases of hilstomon-

iasls.



MATERIALS AND METHODS

A. Experimental materials

l.

Chickens and turkeys

All chickens and turkeys used in thils investiga-
tion were straight run, and obtained the same day
as they hatched or one day later. Most of the
chickens were White Leghorns, although some Van-
tress Cross White Plymouth Rocks were used. The
ma jority of the chickens were obtalned via parcel
post from Hess's St. Louls Hatchery, St. Louls,
Michigan. OSome were supplied by the Poultry Hus-
bandry Department of Michigan State University.

Two breeds of turkeys were used. DBroad Breasted
Bronze turkeys and some Beltsville 3Smazll White
turkeys were supplied by Janssen Farms Hatcheries,
Zeeland, Michligan. DBeltsville Small White turkeys
were also supplied by Wyse Brothers Hatchery, Arch-
beld, Ohio and the Poultry Husbandry Department of

Michigan State Unliversilty.

Feed
Non-medicated turkey starter crunbles (28 percent
protein, antibiotic supplement) and non-medicated

chlck starter mash (20 percent protein, antitictic
17
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supplement), which were used throughout the investi-
gatlion, were formulated by the A. E. Staley Manu-
facturing Co., Decatur, Illinols, and obtained

through a local distributor.

Infective materials

Infective materials consisted of ewmbryonated
Heterakis gallinae eggs or cecal washings from tur-
keys suffering from histomlnlasis. Some of the
Heterakls eggs were supplled in 0.5 percent formalin
by Dr. Gerald Brody, Moorman Manufacturing Co.,
@uincy, Illinois. However, the majority of the
infective material was obtained and processed as
follows. Ceca from chickens, generally over a
year old, were collechted several times from poultry
slaughter houses 1n Linden, Michigan and Middleton,
Michigan. These ceca were then brought into the
laboratory, slit open, and their contents flushed
into a metal selve suitable for retalning the
mature Heterakig. Washing was continued until the
worms were clean, after which they were flushed
into a large transparent glass bowl. Gravid females
were lsolated and ground up using a mortar and
pestle. This material, which contsined the un-
embryonated eggs, was suspended in tap water,
centrifuged, and the supernstant cdiscarced. The

sediment was resuspended in tap water and poured



into petri dishes. Approximately 300 units of
Mycostatin per wmwl. of water were zdded toc prevent
tre growth of mold. An embryonation pericd of 17
days at rocm teuwperature was allowed, after which
the suspenslion was again centrifuged and the super-
natant discarded. The sediment was diluted in a
flask and the number of embryonated eggs per ml.
determined., Immedlately after shaking thse con-
tainer, so as to cbtaln 2 uniform distribution of
egg3, 0.02 ml., of the suspersicn was transferred
to a glass slide, a cover slip added, and the
number of embryonated eggs counted. Six of these
counts were made and the mean, multiplied by 50,
designated the number of embrycnated eggs in one
ml. The embryonated egg suspension was stored at
5° c.

In several instances the infective material con-
sisted of cecal washings (physiolcgical saline)
obtalned from clinical cases ©of blackhead in tur-
keys which had been infected with €20 euwbryonated
Heterakis eggs. This material was then used the

same day as a rectal inoculum,

Other wmaterials
Fowl pox vaccine {(chick-embryo origin) was ob-
tained from Pltman-Moore Co,, Divisicn of Allied

Laboratories, Inc., Indianapolis 6, Indiana. The
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Apothecary Shop, Lansing, Michigan, supplied the
cortisone acetate for intramuscular injecticn.
Cere, management, and distribution of chickens and
turkeys prior to the beginning of experiments
Upon receiving the chickens and turkeys they were
placed in electric brooders which had been operating
one day prior to their arrival. Here they remalned for
3 to 4 weeks with feed and water supplied ad libitum.
After 2 to 4 weeks the birds were transferred from the
brooder to wire bottom poultry batteries 1n separate
rooms {(microbiology building and animal disease barn)
according to the grouping in the particular experiment.

Infected and uninfected blrds were always retained in

different rooms.

Infection of chickens and turkeys
1. Per os inoculation
Chickens and turkeys which were to be iInfected

with Hlstomonags via embryonated Heterakis eggs
were starved for 16 hours. The appropriate number
of eggs was introduced directly into the crops of
the birds by means of a one ml. syringe and a rigid
five-inch plece of plastic tube cementea to the
base of a hypodermic needle. An appropriate number
of eggs was consldered to be that number of embry-

onated eggs which when 1lnoculated per os in turkeys
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produced 50 percent mortality or greater. Thils

number ranged from 300 to 700 embryonated eggs.

2. Rectal inoculation

A fasting periocd of 16 hours also preceded rectal
inoculations. Bilrds were suspended by their legs
and inoculated rectally with 5 ml. of the histomonad
suspension prepared from cecal washings of infected
turkeys. A 5 ml. syringe and a five-inch plece of
number 8 French catheter tublng was used in ad-
ministering the rectal inoculation. Five ml. of
alr was injected immedlately following the injec-
tion of the histomonad suspension. These birds
remained in an lnverted positlion for 30 minutes to
insure a "take" in the infection.

Chickens and turkeys were generally infected by

either method between 3 to 6 weeks of age.

D. Exposure to various stresses
l. Starvation
Chickens and turkeys were starved every other
day for 19 days. Starvatlon periods, during which
time feed only was wilthheld, ranged from 24 to 34
hours with an average of 27.9 hours. No welights
were recorded, but 1t was obvious that all birds

were somewhat emacliated at the end of the 19 days.
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Simulteneous Elmeria tenella infectlions in chickens
Approximately 20,000 sporulated oocysts of Elmeria

Lenella were introduced directly into the crops of
chickens 6 days after they had received embryonated
Heteraklis eggs via the same route. This number of
sporulated oocysts was selected by infecting chic-
kens beforehand and observing bloody droppings but
no mortality. Feed was removed several hours be-

fore infection with the coccidla.

Temperature variation

Chickens and turkeys which were to be exposed to
temperatures of 4© C. or 380 C were first trans-
ferred to a twenty-two by fourteen by ten-inch
wire cage (5 birds per cage). They were then
placed 1in the walk-in incubator, maintained at
38° C, or the walk-in refrigerator, maintained at
4L° C. Exposure to these temperatures occurred every
other day for 20 days. For chickens the exposure
periods ranged from 15 to 19 hours wlth an average
of 16.6 hours. Turkeys were exposed from 15 1/2
to 18 1/2 hours or for an average of 16.3 hours.,
Aside from leaving several open contalners filled
with water in the 380 C incubator no attempt was
made to regulate humidity, but it was measured by

rlacing a hygrograph on the shelf below the cages

contalning the birds. The hygrograph was first



23
standardized by placing it in a sealed glass con-
talner with open dlshes of concentrated sulfurilc
acld for 11 days and by adjusting the recording
pen to zero on the hygrograph chart. The humidity
during the exposure of chickens varied from 38
to 65 with an average range of 47.1 to 58.7. During
the exposure of turkeys the humidity ranged from
33 to 59.5 with an average range of 37.4 to 54.6.

All birds exposed to either 4° C or 38° C were
without feed and water during the exposure for the

sake of convenlence.

Anemia

Chickens and turkeys were rendered anemic by
periodic withdrawals of blood from eilther the heart
cr the medial wing veins. Hemoglobin determinations
were made utllizing the acld hematin technique and

the Bausch and Lomb Spectronic 20 colorimeter,

Fowl pox vaccination

Chickens and turkeys were vaccinated with fowl
pox vaccine (chick-embryo origin) by the wing web
(stick) method. For all vaccinations both wing

webs were plerced.

Cortisone acetate injections
Daily intramuscular 1injections of cortlsone ace-

tate were adminlistered to chickens at a rate of 1.7
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to 3.0 mgm. per pound of body weight for 21 days.
Turkeys received daily intramuscular injections

at a rate of 1.7 to 2.5 mgm. per pound for 21 days.

Surgical transplant of cecal material

Cecal contentsgs from 5 protozoan free turkeys, 40 days
0ld, were collected and suspended in a small gquantilty
of sallne. This materlal was then used for surglcal
implantation of chicken ceca. Likewise, cecal material
from 5 protozoan free chickens, 39 days old, was collec-
ted, suspended in a small quantity of saline, and used
for implantation of turkey ceca,

Feed and water were removed from chickens and turkeys
for 24 hours preceding the operation in order to evacu-
ate the ceca. Approximately 0.02 ml. of Halatal was
administered intravenously via the medial wing veln,

The anesthesized bird was then secured to a wooden plat-
form, containing several holes, by means of cloth bands.
The area to be incised was first plucked free of feathers
and swabbed with 70 percent alcohol., A one-inch incision
was made between the last two left ribs (the same opera-
tion used for caponization). A surgical spreader held
the wound open while a hooked probe was used to lift

the ceca and intestine, at thelr point of union, to the
surface. One ml. of the previously prepared saline sus-
pension of cecal material was Injected into each cecum

with a syringe and number 20 gauge hypodermic needle.
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A small gquantity of neomycin sulfate was sprinkled into
the abdominal cavity, and two stitches (cotton thread)
around the rib on either side of the inclslion were
sufficlent to close the wound. As soon as the birds
recovered from the effects of the Halatal they were
returned to thelr cages and supplied with feed and water.
For several days after the operation air pockets occurred
under the skin of the turkeys, especlally. Consequently,
the skin was punctured periodically to reduce the
accumulation of air.

All instruments used in the operations were cleaned

in 70 percent alcohol, dried, and flamed before use.

Serum processing and 1injection

Whole blood from the appropriate group of birds (usual-
ly 10 to 15 in number) was collected (heart puncture)
and pooled in a sterile flask containing a known amount
of sodium citrate (to give 2 percent sodlium cltrate by
volume). The recelving flask was prepared by adding to
1t a definite quantity of 10 percent sodium citrate and
placing it in the hot alr oven for 2 hours at 150° C.
At the end of thils period all water had evaporated leav-
ing a white residue of sodium citrate adhering to the
walls of the flask. When the desired volume of whole
blood had been obtained, it was immediately centrifuged
for 5 to 10 minutes at 1200 RPM. The supernatant plasma

was drawn off with bulb pipettes fitted with rubber
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suctlion tubes and transferred intec sultable screwtop
bottles. The plasma was then heated in a constant
temperature bath at 560 C for 30 minutes, after which
1t was cooled and frozen for 2 days. On the third day
the plasma was thawed and centrifuged in order to remove
the fibrinogen preclipitate. The supernatant serum was
poured off intc sulitable bottles and used for intra-
venous injection (medial wing veins) the same day.

All materials used in the collection and processing
of blood were sterilized in the hot air sterilizer be-

fore use.

Post mortem examination of chickens and turkeys
All infected and control birds were necropsied as soon
as possible after death. Carcasses of birds which were
not immediately necropsied were maintained at 4° C
until the autopsy could be performed. Control birds
and infected birds which did not die from histomoniasis
30 to 35 days after infection were sacrificed by disen-
gaging the cervical vertebrae. Specimens were observad
for gross lesloms from whlch smears were often made in
order to observe the histomonads. Liver lesions were
graded as follows: wild liver involvement or less than
10 lesions, moderate involvement or 10 to 20 lesions
and severe liver involvement or greater than 20 leslons.
Presence of Higtowopas in the ceca was determlned by

microscopic examinatlon of cecal swears.
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Care of tilssues for sectioning, and staining methods

Tissues selected for sectioning were cut 5 millineters
or less in thickness and fixed 1in 10 percent formalin
for 24 hours. After the removal of the formalin from
the tissues they were stored in 70 percent alcohol until
they could be dehydrated and embedded in paraffin.
Sections were cut at 6 to 8 u and stained with Harris'
hematoxylin and counterstained with eosin. Cecal smears
and smears obtalned from the various lesions were stalned

with May-Greenwald and Gilemsa stains.



RESULTS

Surgical implantation of cecal material

Cecal contents were collected frocm chickens or turkeys,
39 to 40 days o0ld, and prepared for implantation as de-
scribed in the materials and methods. Birds were in-
fected with embryonated Heterakis eggs, and @he results
recorded 1ln table 1 which also contains data from
splenectomized birds. Chickens, which recelved cecal
material from turkeys 3 days prior to infection with
Histomonas, via Heterakis eggs, showed a significantly
lower incldence of cecal lesions and liver lesions of
the lowest grade {(less than 10), as compared to in-
fected chickens, which did not receive cecal implantation.
However, the infected, treated birds showed approximately
the same total inclidence of liver lesions {sum of three
grades) as infected, untreated birds, and the incidence
of cecal histomonads in both groups was not significantly
different. One infected chicken (without cecal i1mplan-
tation) possessed lesions in the spleen. Both groups
of infected turkeys (with or without implantation of
chicken cecal contents) showed nearly the same results
(see table 1). No lesions cr cecal histomonads were

observed in non-infected chickens and turkeys.

28
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Effect of stress upon histomoniasis in chickens and
turkeys

Starvation of chickens infected with Higstomonag (via
embryonated Heterakis eggs) apparently had no influence
upon the lesions produced, as indicated by data cowm-
piled in table 2. However, fewer infected and starved
chickens showed Histomonags in cecal smears than did
unstarved, lnfected chickens. Turkeys which were
infected and starved showed a higher inclidence of liver
lesions (total of three grades), but differences in
occurrence of the three grades of liver leslons were
not significant. Although no weights were recorded,
all starved birds were noticably emaciated at the end
of the starvation perliods. Necropsy of non-infected
birds showed no leslons, and cecal smears were negative
for Histomonas.

Concurrent infections of histomonlasis and coccldliosis
(Eimeria tepnells inoculated per os 6 days after the
inoculation of embryonated Heterakls eggs) in chickens
did not significantly alter characterlstics of the
histomonad infection alone, as indicated in table 3.

No deaths resulted from E. tepella infection alone, but
clinical symptoms (bloody discharges, ruffled plumage
etc.) were observed. Although 2 of 100 chickens suffer-
ing frow beth coccldial and histomonad infections died,
it was not enough to be of statistlcal significance.

The data in table 3 was accumulated from two experiments,
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No leslons, cecal histomonads or coccidia were observed
in non-infected birds.

In another experiment, both chickens and turkeys
Infected with embryonatéd Heteraxls eggs were bled
perlodically in an attempt to render them anemic. In-
it1al (day of infection), final (day on which survivors
were necropsied), and lowest average hemoglobins and
ranges are recorded in table 4, Hemoglobin determina-
tions on unbled, non-infected birds were aslso recorded.
In infected, anemic chickens the lowest average hemo-
globin (6.9) occurred on the ninth day after infection.
The lowest average hemoglobin of infected, anemilc
turkeys fell to 9.7 on the eleventh day after infectlon.
Corresponding hemoglobins for non-infected, anemic
birds were slightly higher. Data on mortality, tissue
damage, and incldence of Histowmonas in cecal smears
are given in table 5. No significant varilatlon between
data from infected, anemic and infected, unbled chickens gng
turkeys was noted, Non-infected blrds were negative
for lesions and cecal histomonads.

When chickens and turkeys, infected with hlstomonlasis,
were exposed to u° C or 370 C every other day for 20
days after infection, variatlons 1in mortality, incidence
of lesions, and incidence of Histomonas in cecal smears
were negligible (see table 6). Thirteen of 20 infected

chickens died 16 to 17 days after infection, during
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which time they had been exposed to 37° C for 19 hours
(average exposure period was 16.6 hours). It is probable
that these deaths were a result of over exposure, al-
though no mortality occurred in non-infected chickens
exposed for the same length of time at this temper-
ature. The pathological conditions for both groups
were very similar. Infected turkeys (not subjected
to temperature exposures) were the same group of
turkeys used in conjunction with the previous experi-
ment. Necropsy of non-infected birds showed no lesions,
and cecal smears were negative for Hlstomonas.

Table 7 suwnmarizes the data obtained from fowl pox-
vaccinated or cortisone-treated chickens and turkeys
infected orally wilth ewbryonated Heterakls eggs. No
significant difference was observed between chickens
and turkeys, which recelived histomonad-contalning
Heterakls eggs, and chickens and turkeys, which recelved
both Heterakls eggs and fowl pox vaclnation or cortisone
treatment. A different collection of Hetergkls eggs
was used for this experiment, and an iIncreased 1incidence
of proventriculus and kidney lesions was noted. In
one turkey, lesions were cobservec¢ In the proventriculus,
spleen, mesentery, and heart (see Plate I). Microscopic
examination revealed the presence of histcomonads in
the proventriculus, mesentery (see Appendix, »lates

II and II1) and spleen, but none were observed in the
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heart leslon which was characterized by a loose fibrous
thickening of the epicardium (see Appendix, plate IV).
One vaccinated chicken possessed lesions in the ceca,
liver, and proventriculus (see Appendix, plate V). Non-

infected chickens and turkeys were negative for lesions

and cecal histomonads.

Immunity and resistance

Chickens, which had been splenectomized and 1infected
with Histomonas (via embryonated Heterakis eggs), sur-
vived and showed no significant difference 1n tissue
destructlion or incidence of Histomogas in cecal smears,
when compared with non-splenectomized chickens suffer-
ing from blackhead (see table 1).

In order to determine 1f host age influences resistance
mortality, incidence of lesions and incidence of Hlstom-
onas in cecal smears were observed in chickens and
turkeys of different ages (see table 8). No mortality
was observed in 162 chickens ranging in ages from 18
to 131 days. The 1incidence of cecal and liver leslions
and cecal histomonads was consgistent. Turkeys of all
age groups, ranging from 10 to 62 days, suffered from
40 to 100 percent mortality losses (see table 8). Out
of a total of 142 turkeys, representing all age groups,
97 or 68.3 percent died. No age group of turkeys de-
monstrated a resistance to histomonlaslis, as indlcated

by the mortality and tissue damage. The 1lncidence of
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TABLE 8

HISTOMONIASIS IN CHICKENS#* AND TURKEYS*¥ OF DIFFERENT AGES

No. of

Age o, .ot No. of Birds with Lesions  po=q2
in per No. of Kid- Containing
Days Group Deaths Ceca Liver Spleen ney Prov. Histomonas
Chickens
18 6 0 0 1 0 0 0 5
21 20 0 5 2 0 0 0 15
22 20 0 5 1 0 0 0 12
25 8 0 1 1l 0 0 0 6
27 29 0 5 8 0 0 0 26
28 20 0 3 6 0 0 0 18
32 5 0 2 3 0 0 0 3
Lo 29 0 10 14 1 0 0 27
L2 15 0 8 5 1 0 0 11
56 G % * 0 5 5 0 0 0 5
131 St 0] 5 5 0 0 0 5
Turkeys
10 5 2 2 2 0 0 0 2
17 L 2 2 2 0 0 0 3
21 22 13 18 15 0 0 3 21
25 L L L 4 0 0 0 L
29 25 20 23 22 0 2 6 25
31 20 10 14 13 0 0 0 19
35 10 5 6 6 0 0 0 7
36 5 2 2 2 0 0 0 b
L2 7 5 6 6 0 0 0 7
43 15 10 11 11 0 0 0 12
62 25 24 24 25 0 1 5 25
Totals
Chic-
kens 162 0 L9 51 2 0 0 133
Turkeys 142 97 102 108 0 3 14 129

#Represents a majority of White Leghorns and some Vantress
Cross White Plymouth Rocks.
#*Represents a majority of Beltsville Small Whites and
some Broad Breasted Bronze.
®#%x%Sacrificed 17 days after 1infection.
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cecal histomonads was hligh in both chickens and turkeys
(82 and 91 percent, respectively), thus proving a high
degree of experimental exposure to the histomonad. The
data accumulated in table 8 represents infections in
Vantress Cross White Plymouth Rock and White Leghorn
chickens and Beltsville Small White and Broad Breasted
Bronze turkeys.

One or 5 inoculatlions of embryonated Heterakis eggs
were administered orally to two groups of chickens 1in
order to observe the effects of challengling doses upon
the course of the disease. Surviving birds which re-
celved only one oral inoculatlon were sacrificed 30
days later, whereas surviving birds which recelved 5
oral inoculations (two-week intervals) were sacrificed
30 days after the fifth inoculation (60 days after the
first inoculation). Data for this experiment are ccn-
tained in table 9. No mortality occurred in either
group (1 or 5 inoculations), and pathological conditions
were consistent except for the incidence of liver lesions.
Nine of 24 chickens, recelving a single inoculation,
possessed less than 10 liver leslons, and 3 chickens
had 10 to 20 lesions in the liver. Only 4 of 24 chickens,
receiving multiple 1inoculatlions had less than 10 liver
lesions, and more severe liver lesions were not observed
in this group. Although these varlatlons in grades of

liver lesions were not very large, the difference between
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the total number of blrds possessing any grade of 1liver
lesions (total incidence) was statistically significant.
One chicken was observed with lesions in the spleen.
Turkeys were also inoculated orally with embryonated
Hetergkis eggs and challenged at two-week intervals.
However, in this case the first two inocula administered
to turkeys whlch were to receive multiple doses, con-
tained an insufficient number of histomonads to produce
mortality. Succeeding inocula, obtained from a new
collection of Heterakls were sufficlent to produce
mortality, as 1lndicated when 24 of 25 turkeys, which
recelved one inoculation, died. Eighteen of 25 turkeys,
which received 5 inoculations (last 3 inoculations suf-
ficient to produce mortality) died of histomoniasis.

As can be seen from the results in table 9, the 1ncidence
of severe liver lesions (greater than 20) was less for
turkeys recelving multiple inoculatlions. The occurrence
of any grade of liver lesions (total), however, was
nearly the same for both groups, slnce 6 of the birds
receiving multiple 1noculations had less than 20 liver
lesions.

Table 9 also contains data obtalned from infected
turkeys (one inoculation sufficient to produce mortality),
each of which recelived an intravenous injection of serumwn
collected from chickens that had recovered from his-

tomoniasis. In this group of turkeys mortality, incldence
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of cecal leslons and severe liver lesions, total of three
grades of liver leslons, and incidence of proventriculus
lesions were significantly lower than those values ob-
talned frOm infected turkeys not receliving chicken serum.
Only 3 out of the 20 infected, serum treated turkeys had
died after 22 days. Thirty-two days after infection,
at which tlme survivors were generally autopsied, black-
head symptoms were again observed, and 3 to 5 days later
5 more turkeys died. Since turkeys were injected with
serum 3 days after infection, a period of 32 days had
elapsed between the serum injection and the second
occurrence of fatal blackhead. Forty-two days after
infection no further symptoms were observed and the 12
surviving birds were necropsied. In like manner, in-
fected chickens were injected intravenously with serum
obtalined from turkeys that had recovered from blackhead.
The occurrence of cecal, liver, and spleen lesions and
cecal histomonads was approximately the same for both
infected groups, either wlth or wilthout serum injection.
No blackhead lesions were observed in non-infected birds.

The next experiment was, in part, a repetition of the
previous one (infected turkeys received immune chicken
serum), Non-lmmune serum was collected from chickens
which had been reared in a separate room and which had
no contact with histomoniasis. Three groups of 22

turkeys were infected orally with Histomonas (via
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embryonated Heterakls eggs). One group received immune
chicken serum four days after infection, another group
received non-immune chicken sérum four days after in-
fectlion, and the third group received no serum at all.
Three groups of 8 turkeys were treated in the same manner,
only they had been infected rectally with a suspension of
histomonads. The injection of immune chicken serum into
orally infected turkeys decreased significantly the
severity of histomoniasis (see table 10). Lower mor-
tality and incidence of cecal leslions and severe liver
lesions were observed in serum-treated turkeys than in
untreated turkeys; however, the total lncldence of the
mild, moderate, and severe liver lesions in each group
was not significantly different since most of the liver
lesions 1n serum-treated turkeys were mild or moderate,
whereas most of the liver lesions in untreated turkeys
were severe, On the other hand, orally infected turkeys
treated with non-immune chickén serum showed approxi-
mately the same mortality and incidence of blackhead
lesions and cecal histomonads as did orally infected
turkeys not injected with serum. One-hundred percent
mortality occurred in rectally infected turkeys of all
three groups, although 1t did not occur at the same tilme.
Rectally infected turkeys, glven lmmune or non-lmmune
serum or no serum at all, suffered 100 percent losses in
16, 14, and 12 days, respectively. No leslions were

observed in non-infected turkeys.
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DISCUSSION

Diseases 1in poultry may range from little host
specificity to speciles specificity. Certain diseases (often
of viral etiology) terminate fatally in both chickens and
turkeys), whereas others may affect chickens more severely
than turkeys or vice versa. Stlll other diseases are host
specific (coccidiosis). Poultry diseases of protozoan
etlology generglly fall under the last two categories.
Histomoniasis, as indicated in the review of literature,
affects turkeys more severely than chickens. From this
aspect the chicken might be consldered a more normal host.
Since fatal blackhead does occur in chickens under field
coenditicons, an attempt was made in this investigaticn to
determine what factors are responsible for this fatal
termination, and also what factors provide the chicken with
a greater resistance to the disease,

At the beginning of this investigation 1t was often
observed that cecal histomonads in stained preparations
from chickens and turkeys showed the presence of bacteria
within their cytoplasm. A review of the llterature indicated
that Histomonas has not been cultured in yitro in the ab-
sence of bacteria. The disease, itself, is initiated in
the ceca where there is an abundance of bacteria. In view

L
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of these facts surgical implantation of cecal contents from
turkeys to chickens, and vice versa, was performed in order
tc determine whether bacterial flora might affect the di-
sease. From results in table 1 it appears as though im-
plantation of turkey cecal contents into ceca of chickens
e ffected a decrease in the incidence of cecal leslions and
mild liver leslons (less than 10) as compared with the
incidence of these leslons in infected, untreated chickens.
Therefore,the incorporation of turkey cecal contents into
ceca of chickens definitely did not result in conditions
favorable for progressive histomoniasis. Implantation of
chicken cecal contents into ceca of turkeys was without
effect upon histomoniasis in this host.

It is the opinion of some workers that fatal histo-
mcnlasis occurs in chickens when thelr resistance has been
lowered by vaccination, other diseases, or some adverse
condition. In the present investigation several stresses
were used in an attempt to break down the resistance of
chickens or alter the susceptibllity of turkeys to black-
head. Perlodic starvation of birds tc the point of emaci-
aticn did not suffice to lower the resistance of chickens
sufficiently to produce mortality due to histowoniaslsg,
although it did decrease the 1ncidence or cecal histowmonads
(see table 2). Although there was no significant change in
mortality, the disease in starved turkeys resulted in a

higher incidence of cecal lesions. Therefore, the indications
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are that starvation may have had some influence upon tne
disease in turkeys (increased liver lesions), but no in-
fluence upon the disease in chickens,

An induced, anemic condition was not sufficient to
alter histomoniasis in elther chickens or turkeys, as indi-
cated in table 5. A slight anemia resulted from hlstcmonlasis
ln chickens and turkeys, as 1indicated by the comparison of
hemoglobins of infected and non-infected birds which were
bled periodically (see table 4), That a slight anemia
develops in infected turkeys has been demonstrated by
Johnson and Lange (1939) and McGuipe and Cavett (1952).
Likewise, the repeated exposure of infected chickens and
turkeys to 4° C or 37° C did not change the mortality or
pathologlcal conditions characteristic of the disease (see
table 6).

Under fileld conditlons when two diseases such as
coccldiosis and histomoniasls occur simultaneously it 1is
difficult to determine whether one influences the other,
However, under experimental conditions, more accurate in-
formation can be obtained. Chickens were infected with
just enough sporulated oocysts of Elmeria tepella to pro-
duce clinical symptoms, but not mortality. The results in
table 3 indicate that coccidiosis did not significantly
increase mortality or the incldence of lesions due to
histomoniasis. These results do not support the bellef

of Jowett (1911) that a disruption of the intact epithelium
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by coccidla alds the invasion of Histomonas.

Lund (1956) has stated that vaccination may lower
the resistance of chickens thereby allowing them to ccn-
tract fatal histomoniasis. Results obtalned in the present
investigation, using fowl pox vaccination, disagree with
Lund's belief. Infected and vaccinated chickens and turkeys
falled to show any significant change in mortality or
incidence of lesions and cecal histomonads when compared
with infected, unvaccinated chickens and turkeys (see table
7).

Since none of the afore-mentioned stresses were
capable of inducing fatal histeomonlasis in c¢hickens or in-
fluencing mortality 1in turkeys, the lnvestigatlon was con-
tinued along the lines of natural or acquired resistance.
Kendall (1957) infected turkeys of different ages (7 days
to 20 months) orally with embryonated Heterskis eggs or
rectally with histomonad suspensions, and observed uniform
susceptibility to histomoniasis. On the other hand, Desowltz
(1951) infected chickens of different ages (6 tc 34 days)
rectally with suspenslons of histomonads, and he observed
less wortality (30 percent) in thirty-four-day-cld chickens
than in six to twenty-one-day-old chlckens (60 to 71 percent
mortality). However, this method of infectlon 1s unnatural,
and the pumber of histomonads introduced iIntc the ceca
was probably much greater than the number whkich would be

introcduced orally by means of embrycnated Heterakis eggs.
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In the present work data ware accumulated from many experi-
ments in which all infections were produced by the oral
inoculation of embryonated Heterakis eggs. One hundred
and sixty-two chickens ranging in ages from 18 to 131 days
showed uniform resistance to histomoniasis (see table 8).
Pathological conditions occurred with uniform frequency,
and chickens in all age groups recovered. The greater
proportion of these chickens (133 of 162) retained histomonads
within their ceca for at least 30 to 42 days after infection,
at which time they were necrcpsied. Turkeys, on the other
hand, showed uniform susceptibility to histomoniasis (see
table 8). Out of 142 turkeys 97 or 68,3 percent died of
histomoniasis. DMortality for the different age groups
(ranging from 10 to 62 days) varied from 40 to 100 percent.
These results are in agreement with Kendall's (op. ¢it.),
namely, that turkeys of all ages are susceptible to his-
tomoniasis,

It was apparent that under experimental conditions
a percentage of turkeys acqulred an 1Infection which was
relatively non-pathogenic since the incldence of lesions
and cecal histomonads was higher than the occurrence of
mortality (see table 3). Reslstance to succeeding pathogenic
challenge doses may indicate a state of premunition in
turkeys, as reported by Tyzzer (1934). Other workers have
also noted the existance of a temporary resistance to rein-

fection. Results of the present investigation, listed in
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table 9, agree with results obtained by other workers.
Turkeys were infected with embryonated Heterakis eggs five
times (two week intervals). The first two inoculations
were sub-~lethal, although symptoms did appear. Succeeding
challenge doses were lethal, as indicated when 24 cof 25
turkeys, that had not received an inoculation previously,
died as a result of one inoculation. Turkeys which received
multiple inoculations suffered mortality losses after each
of the last three inoculations. However, these turkeys
showed less mortality and a lower lncidence of severe

liver lesions when compared wlth turkeys receiving a single
inoculation (see table 9). Statistical analysis showed

the differences to be significant at the 5 percent confidence
level. 1In reference to these results 1t can be said that
turkeys may possess some resistance to reinfection, but
this resistance 1s by no means complete, since mortal-

ity did cccur after repeated 1inoculations. Chilckens, which
receilved a total of five pathogenic 1lnoculatlons at inter-
vals of 2 weeks, showed a lower total incidence (significant
at the 5 percent confidence level) of liver lesions when
compared with chickens that had recelved one 1inoculatiomn.
Here again the 1indicatlions are that a resistance to rein-
fection exists, only in this case the initilal resistance

is greater at the first oral inoculatlion since no mortality
occcurred. Subsequent infections, though, <id not increase

the pathological conditions characteristic of the disease.
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That turkeys, which recover from histomoniasis,
possess an incomplete and temporary immunity has been point-
ed out previously in the review of the literature. It has
been demonstrated by Sautter and co-workers (1950) that
whole blood, obtained from turkeys which had reccvered from
blackhead, falled to protect susceptible turkeys from the
fatal disease, To the author's knowledge this has not been
trled in chickens suffering from histomonlasis, or for that
matter, blood from infected, recoversd chickens has not been
injected into infected turkeys. In the present investi-
gation serum was obtalned from chickens and turkeys that
had recovered from hlistomoniasis, The turkey serum was
injected iInto chickens 3 days after infectlion with Heterakis
eggs, and the results in table 9 indicate that the serum
had nc effect upon the disease in chickens. For thils reason
serum from control turkeys (no contact with blackhead) was
not injected into infected chickens, On the other hand,
when serum from recovered chlckens was 1injected intc turkeys
3 days after infection with Hgteragkls eggs, an impressive
change in the course of the dlsease was noted (see table 9).
Mortality was decreased considerably and leslons were less
severe and occurred less frequently. By 32 days after the
oral inoculation of turkeys with embryonated Heterakls eggs
(29 days after serum injection) only 3 of 20 turkeys had
died, and they showed typlcal histomonad lesions. In pre-

vious experiments surviving blrds were necropsled at tris
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length of time after infection, but sywptoms of Wistomonlasis
were again observed (32 days after infection), and necrcpsy
was delayed for 10 days, during which time 5 more deaths
occurred and symptoms of blackhead disappeared. The occur-
reace of the last 5 deaths was not attributed to reinfection
by the 1ngestion of food or water that had been contaminated
with Heterakls eggs passed by gravid worns in the turkeys,
since there was insufficient time for the worrns to mature,
the eggs to embryonate, and turkeys to become infected by
Ingesting the embryonated eggs. Nor were these deaths
attributed to infectlon by the ingestion of free histomonads
In the feces since all turkeys were retalned in batteries
with wire bottoms. Therefore, it appears that the chicken
serum afforded the last 5 turkeys that died protection from
histomonliasis for approximately 3 weeks. By 32 days after
the infection of 3 simlilar group of turkeys which had re-
celved mo serum injectlion, 24 of 25 had died. All of these
turkeys, excert the lone survivor, which possessed less
than 10 liver lesions and no cecal lesions, showed very
severe liver and cecal lesions. Five of the 24 birds which
had died also showed grayish necrotic lesions on the wall
of the proventriculus {see Appendix, plate I). The lesions
always occurred on that portion of the proventriculus which
remained in contact wlth the highly necrotic liver, and
they gradually spread from that area. It is the author's

opinion that such lesions were not initlated by histomonads
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from the blood stream, but that a direct transfer of the
histomonads from the liver (through the disrupted liver
capsule) to the wall of the proventriculus initilated the
lesions. Previously, ¥cGuire and Merehouse (1953) reported
proventriculus leslons 1n one turkey that had been infected
intravenously (blood inoculum derived from cecal or mesen-
teric veins of infected donor), but they did not state
whether or not the leslions resulted from histomonads 1in
the blood stream. That the proventrizulus lesions resulted
from a direct transfer of hlistomonads from the liver 1is
supported by the observation in one turkey of a similar
lesion on the wall of the small intestine where it lay 1in
contact with the necrotic liver. Microscoplc examination
of proventriculus sections revealed coagulation necrosils
and inflammation, and the histomonads were observed in
abundance (see Appendix, Plate III). Fresh saline smears
also revealed the presence of the organisms. None of
the turkeys which had recelved serum injections showed
lesions in the proventriculus,

At this stage of the lnvestigation it remained to
be determined whether the serum obtalned from recovered
chickens contained immune bodies or whether the protection
afforded turkeys was derived from some inherent property
of chicken serum. Therefore, serum was collected from
chickens which had no contact with histomoniaslis, and frou

other chickens which had been infected for 21 days. The



56
ability of serum, obtained from infected, recovered chickens,
to protect turkeys from the progressive forum of the disease
was confiramed, as indicated by data in table 10, Turkeys,
which were infected with Histomopas and injected with non-
immune chicken sera, experienced no protection against the
dlsease. DMortality and incldence of lesions were not
significantly different from the results obtained frow in-
fected turkeys which received no serum injection. This
would seem to indicate the existance of humoral antibcdy in
recovered chickens. Three groups of 8 turkeys were infected
rectally with histomonad suspensions, the results of which
are shown 1n table 10, One group received inmmune chicken
serum, another grcup recelved non-lmmune chicken serum, and
trhe third group received no seruwm. All three groups of
turkeys diec, but 100 percent mortality of turkeys recelv-
ing lmwmune serum occurred later than it did in the other
two groups, thereby suggesting the benefit of some protection
derived from the serun,

Since the information on the abillty of immune chicken
serum to afford some protection to turkeys from histomonliasis
came late in this investigation, time did not perwit suf-
ficient supportive experimentation on antibody production.
Five chickens were splenectomized and inoculated per og
with embryonated Heterakls eggs. This operation was not
sufficient to induce fatal histomonlasls; nor dicd the

incidence of lesions and cecal histomonads differ signiflicant

1y
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from results obtained from non-splenectomized, infected
chickens (see table 1).

B jorneboe and co-workers (1951) had shown that cor-
tiscne may affect the concentration of humoral antibody, so
chickens and turkeys were inoculated orally with embryonated
Heterakls eggs and treated with daily intramuscular injec-
tions of this hormone for 21 days after infection., Fullin
(1955) injected turkeys intramuscularly with 1.5 wmgm. of
cortisone per pound, slince this was the suggested dosage
for rheumatoid arthritis in man. He gave daily injectlons
for 19 days and observed no toxlic effects in turkeys re-
sulting from the cortisone, Since there was no toxic
effects at thls dosage, an Iincreased dosage was used in
the present investigation. Chickens received 1.7 wmgm. per
pound of body welght for the first 5 days, and the dosage
was gradually increased tc 3.00 mgm. per pound by the tenth
to thirteenth day, after which it was gradually decreased
on successive days to 2.33 mgm. per pound. Turkeys also
received 1.7 mgm. per pound for the first 5 days, after
which the dosage was gradually increased daily to 2.43 mgm.
per pound on the nineteenth to twenty-~first day. Pullin
(cp. ¢it.) observed no effect of cortlisone upon histowmoniasls
in turkeys, but he had not used chickens in his experlments.
In the present investigatlon Pullin's results were confirwed,
and dally cortisone injections in chickens alsc falled to

alter the disease significantly (see table 7). Since
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cortisone has been shown to decrease antibody concentration
and inflammatory reactions, one might expect the severity
of histomonlasis 1in chickens and turkeys to increase. How=-
ever, this was not observed, possibly due to insufficient
dosage.

An Insight to the exact cause of death of turkeys
suffering from histomoniasis might shed some light upon
fatal histomoniasis in chickens. McGuire and Cavett (1952)
observed the development of a severe hypoglycemia in turkeys
Just before they died of blackhead, and they stated that
this factor might be the cause of death. From time to time
cduring the present lnvestigation when turkeys were observed
a few hours away from death intravenous injections of 5
percent glucose (5 to 15 ml.) were administered in an
attempt to prolong the 1life of the bird, but to no avail.

Cn another cccasion 6 turkeys were inoculated rectally

with bhistomonad suspensions, ané on each day thereafter U4

ml. of a 5 percent glucose solutlion was injected intraven-
ously as long as the turkeys lived. Fron the fifth day
after infection (symptoms appeared) until death the turkeys
were alsoc injected intramuscularly with 2 ml., of a 5 percent
glucose solutlon. The injectlions of glucose did not pro-
long the lives of turkeys infected with histomoniasis. These
results indicate that the hypoglycemla which develcps may

not be severe enough to cause death of turkeys.



SUMMARY

Surgical implantation of cecal contents frow non-
infected control chickens into ceca of turkeys, followed by
infectlion with embryonated Heterakis eggs, failed to alter
tre course of the disease significantly in turkeys. The
surglical implantation of cecal contents from non-infected
control turkeys into ceca of chickens, followed by Histomonas
infection, failled to produce conditions fzvorable for pro-
gressive histomoniasis. Infected chickens receiving implants
showed a lower incidence of cecal lesions and of mild liver
lesions, possibly indicating the creation of an unfavorable
cecal environment.

Starvation of chickens suffering from histomonlasis
d1d not increase the severity of the disease., A signifi-
cantly lower incidence of cecal histomonads was observed.
Starvatlicn of turkeys suffering from histomoniasis increased
significantly the incldence c¢f liver lesicns, but did not
affect mortality.

Concurrent infections of histomoniasis and coccldicsis
in chickens did not increase signifilcently wmortality and
incidence of lesions cdue to histomoniasis.

Rendering chickens and turkeys anemlc dld not change

the pathogenesis of hlstomonlasis as 1t generally occurs

59



in these hosts. Slight anewias in chickens and turkeys
were developed as a result of the disease alone.

Exposure of chickens and turkeys o 4° C or 37° ¢
temperatures falled to influence any aspect of the disease
in these hosts. Likewlse, the vaccination of chickens and
turlteys with fowl pox virus failed to change significantly
mortality, incidence of cecal histomonads, or incidence of
lesions.

Turkeys of all age groups (10 to 62 ¢ays) were found
tc be equally susceptible to histomonlasis when inoculated
per o5 with embryonated Heteprakls eggs. Chickens of all age
groups (18 to 131 days), on the other hand, were found to
be equally reslstant to the disease when inoculated with

mbryonated Heteraskls eggs. Pathclogical conditicns occurred
with uniform frequency. Chickens 1n all age groups recovered,
while turkeys suffered mortality losses from 40 to 100 per-
cent.

Turkeys, which received 2 sub-lethal oral inoculations
of eubryonated HLeterakls eggs, followed by 3 lethal inocu-
lations (two-week intervals), showed less mortality and a
lower incidence cf severe liver lesicns (greater than 20
lesions), thereby indicatling some resistance to reinfectlon.
Mortality occurred, however, after each lethal dose. Chilc-
kens, which received 5 lethal oral 1noculations of embryonated
Heterakis eggs (lethal for turkeys), showed a Jecrease 1in

the incidence of liver lesions (any grade), again indlcating
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some resistance to reinfectlon., Yo mortality wss observed

in these chickens.

Serum, collected and pooled fromw turkeys (20 to 21
days after oral inoculation with embryonated Heteprzkis eros ),
and injected into chickens (3 to 4 days after oral inocula-
tion of embryonated Heterakis eggs), had no effsct upon
histomoniasis 1n chickens. In like wanner, serum, collected
and pooled from uninfected control chickens, when injected
irto turkeys had no significant effect upon the pathogenesis
of histomoniasis. However, when serum was collected and
rooled from chickens (20 to 21 days after per os inoculaticn
with ewmbryonated Heterakis eggs), and injected into turkeys
(3 to 4 days after infection), mortality decreased signifi-
cantly. Corresponding signlilficant cdecreases occurred 1in
the 1incidence of cecal, liver, and proventriculus lesions.
Inmune chicken serum afforded less protection (delayed 100
percent mortality) to turkeys when they were infected
rectally with histomormd suspensions.

Splenectomy, followed by oral inoculation of ewbryonated
Heterakls eggs, had no effect upon hitomoniasis in chickens.

Chickens and turkeys, which receivel daily 1Intra-
muscular injections of cortlisone for 21 days after oral
inoculation of Hisiomonas, via Heterakls eggs, showed no
significant change in mortality and Incidence of leslons.

Injection of a 5 percent glucose solutlon into

turkeys Jjust before death or dally injectiong after the
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time of infection until death did not prolong the lives of
turkeys suffering from histomoniasis.

An increased incidence of lesions on the wall of
the proventriculus next to the liver occurred when ground
up Hetergkis females from the last two collections (from
poultry abattoirs) were used as the source of inoculum. It
appears that these lesions are not initiated by histomonads
from the blood stream, but by a direct contingent migration
from the liver, through the disrupted liver capsule, to the
wall of the proventriculus. In one turkey an ldentical lesion
occurred on the wall of the small intestine where it lay
in contact with the necrotlic liver. Mlcroscopic examination
of tissue sectlions revealed coagulation necrosis and in-
flammation of the muscular layers and the presence of many
histomonads.

Lesions resulting from histomoniasis, alone or in
conjunction with a particular treatment, have been observed
in chickens (478 infected) in the following organs (the
number in parentheses indicates the number of observations):
ceca (94), liver (130), spleen (3), and proventriculus (1).
Histomonads have been observed in these lesions. In like
manner, the following leslions have been observed 1in turkeys
(355 infected) suffering from histomonlasis: 1liver (256),
ceca (253), proventriculus (36), kidney (8), spleen (3),
intestinal wall (1), mesentery (1), and heart (1). His-

tomonads have been observed in these leslons wilth the
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exception of the heart.

The incildence of Histoponas in cecal smears from
experimental chickens and turkeys infected with 300 to 700
embryonated Heterakis eggs has been high throughout the
investigation, indicating a high degree of exposure of

birds to the etilological agent.
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PLATE 1. Lesions due to hilstomoniasis in a turkey. Note
lesions in the liver, ceca, proventriculus, spleen,
mesentery, and one lesion on the heart.
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PLATE II. Heart of a turkey infected with histomoniasis.
Notice the thick fibrous layer on the epicardium,
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PLATE I1I1. Proventriculus of a turkey infected with
histomonlaslis.
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PLATE IV. Mesentery of a turkey infected with histomonlasis.
The thickened area of the mesentery shows many
small, rounded histomcnads.
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PLATE V, Lesions due to histomoniasis in a chicken., Note
lesions in the liver, ceca, and proventriculus.
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ABSTRACT

A study was made concerning factors which may in-
fluence susceptibility or resistsnce of chickens and turkeys
to histomoniasis. These factors included surgical implanta-
tlon of cecal contents from chickens to turkeys and vice
versa, exposure to various stresses (starvation, Eilmeria
tepella infections in chlckens, anemia, temperature variation,
cortisone injectlion, fowl pox vaccination), and the deter-
minatlion of the effect of age, multiple inoculations, and
immune or ncn-immune serum injections.

Most of the birds were infected orally with 300 to
700 embryonated Heterakis eggs (sufficient to produce 50
percent or greater mortality in turkeys). Some were infected
rectally with histomonad suspensions. Surviving birds
were necropsied 30 to 35 days after infection.

Surgical implantation of cecal materlal falled to
alter histomoniasis in chickens and turkeys with the ex-
ception of a decreased incidence of cecal and mild liver
leslions in chickens.

Starvation of infected chickens and turkeys d&id not
affect mortality, but turkeys showed a signlficant 1increase
in the incidence of liver leslons.

Concurrent infections cf histomoniasis and coccldlosis
in chickens did not significantly change mortality and inci-

dence of lesilons due to histomoniasis.
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Rendering chlckens and turkeys anemic or exposing
them to 4° C or 370 C temperatures or vaccirating them had
no significant effect upon histomoniasis in these hosts.

Turkeys of all age groups (10 to €2 days) were found
to be equally susceptible to histomoniasis, and chickens
of all age groups (18 to 131 days) were equally resistant
to the disease. All chickens recovered, while turkeys
suffered from 40 to 100 percent mortality losses.

Two sub-lethal oral inoculations of Histomopas (via
embryonated Heterakis eggs), followed by three lethal oral
doses (at two-week intervals), had the effect of decreasing
nmortality and incidence of liver leslons in turkeys. Ne-
cropsy of chickens after flve lethal inoculations (lethal
for turkeys) revealed a lower incidence of liver lesions.

Turkey serum (collected 20 to 21 days after oral
inoculation wlth embryonated Heterskis eggs) when 1injected
into chickens had no effect upon histomonlasis. In like
manner, serum, collected from non-infected chickens, when
in jected intc turkeys did not alter the disease. However,
when serum was collected from chickens (20 to 21 days after
per o8 inoculation with embryonated Heterakls eggs) and
injected into turkeys, mortality due to histowmonlasls de-
creased considerably. In two separate experiments corres-
ponding significant (5 percent confidence level) decreases
occurred in the incidence of cecal and liver lesions. In

one experiment a significant decrease 1n occurrence of
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proventriculus leslons was observed. Immune chicken serum
from this same collectlion afforded less protection (delayed
100 percent mortality) to turkeys when they were infected
rectally with histomonad suspensions.

Splenectomy had no effect upon histomoniasis in
chickens, Likewlse, infected chickens and turkeys, which
recelved dally intramuscular injections of cortisone for
21 days, showed no significant cnange in mortallty and
incidence of lesions.

Injections (just before death or daily untill death)
of 5 percent glucose solution into turkeys did not prolong
the lives of turkeys suffering from histomoniasis.

Leslons resulting from histomonlasis have been
observed in the ceca, liver, spleen and proventriculus of
chickens and the liver, ceca, proventriculus, kidney,
spleen, intestinal wall, mesentery and heart of turkeys.
Histomonads were observed in these lesions with the exception

of the heart.



