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INTRODUCTION
: TN PR~
HiltOloniania (Blnokhead or Infoctioun Entarohopa—

tttii] 13 s protozoon diuouae eausod by a microscOpio 3
singlo-oollod perasite ﬂistoaona- malogqgiggn._ It was ;
dov-atntlng disoaso or turkays 1n the East and.ﬁidwt:t of
tho ﬂnitoﬂ ssttel or America a senaration or two ago.
Blaeuhnad atill ronninn tho outatanﬁlng dznoaao smong tur-_
ks:- uhon ovaluatod inAtcrns or itn pravalenao and rinan- :
eial 1oal to poulury grau.ru.f The ﬂa&tca 8tatcn Bopartaont
of a;rlcnlture (195&) has astinatod that Eistoloniauiu N
osuses an nnnuul lon- or 3 8 nillion dollsrn 1n tnrkey- und
1&9 thauuund dollars in ohiokann duo to nortulity alonu. _
7 In naturo hirao nnst eomuonly hcooue 1nr.ot-d by the
lngontioa ot 1nroc$od Hotarakia eggn or thqy nay auquiro
infection dlraotly froa othnr 1nroet-a turxeya and
chickens, | ‘ _
Tho inrcetlvc ngont ontnrs th- digoatita traot of
thn hitd ‘and boocuo looalizad in the hlinﬁ poushol-tho
ceca. An inrlqnusﬁury uleurutlvu conﬂitlon auvolops 1a the
cece which porsitl tho aruuitoa to invado othur tianuus.
Frobebly tbrougn tho blood stroau th- parnsltts raaeh the
liver where thoy produo. nunnrons ohoractcristtc ahaoosnol
verying ino siza rran pin-goint to 15 ®,m, Or wore in aiaan~

ter. B-onuna ot extnnsive tissue dsltruotion-, nuunllr ar




the liver and ceca, death results in msny infected birds.
The death reste in 1uilvldnn1 flooks of turkeys may run es
high as 50-100 pcretai¢ irlknon (1525) reporton losses
from Blukhud in ﬂhmﬁri ohgelun flocks nhlab renged from
one bird in a group or Jso ‘to more than 50 yor.nnt in two
other rlookn. Ttrku;a of aag age may contraoct Blaokhaud
but loasses are usunlly grontuet nmong turkoya Q&ght to
elghteen tiakl of ngn. Thny often dle two or thrco days
after ahnﬂina the first signl of the disesse, :
Outbresks are most iemnen in the nprlnsfhné fall and
usuelly are uor-:lqriduaﬁlg wet seasoms than ia dry ones.
4 study in Minnesota in.1951‘f.voalid thet of ﬁvcr: 1000
panitl started, 8ix diod from Bleackhead after ioing kept in
the brooder bnust anﬂ tigbtynsovan more. iled whnn the
poults -orn plsecﬂ on rnagn._ The nnahor ot oalcl of Histoe
moniasis roeurded at the Foultry Diagnostio Lahoratory,
School of v-tcriaary hadlolnn, University of xtlsouri from
1956 to 1960 are lhowu in Yahla i. ﬁiltoaonlnnlu is eppare
ently doorotniag avdry :iar and tharo nay bo u least three
ressons tbr this, ”
1. Horo &ml bc:a 1oarned about ths lpriad of the
| ;diteaut.. lunt 5rowort keep tnvkoya,iaolatcd
ftrou,an; eontnct with shickens, or oldor turkeys,
or eontaainattd ao&l or 11ttor thaﬁiunr harbor
the dllota'. 8 i - j; 3. & o
2. Drugs hnto been developed whieh htlp to aontrol

the discase.
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3+ Turkey growers oan usually disgnrose the disease
by examining the cece end liver which ahow -
ocharscterintsic leslons, portent isdustey.
In spite of these advances, Histomoniesis remalss e
cestly probles in erees whers the soil retsins its molsture
and . where high environmental temperatures ere not: suss
telned. - under sontryolled svpditions, Por stutia-
Turther investigations must be wede regerding the
life history; transsission end psthogenecity of Histomoni-
ssis, Several ilavestigators heve studlied the comparstive
effeotiveness of aethods used for produciag infestion,:. .
The studies presented here were made to deteraine bow ..., o
readily norsal Heterakis free poulis would become infected
with Histomonss from various:asources i.s. cece; liver;, .
gecsl contents snd whole blood, using verdous routes of

transmission, . .
FROBLEN

To geleot a problem in veterlnnxy protozoology it
was thought that Histomoniasls (Bleckhead or Infectious
Enterohepatitis) would be most interesting due to the faot
that this disesse es yet has not been racorded in Indls,
Due to the modera feoilities of transportation dlseases
from one country sre spreading to another. There is every
possibility that Histomoniasis mey be a disesse of the
future for Indis, where the poultry industry is fast



developing. _

This dlsease is also or'griat economic importance
in kissourl where turkey rearing is sa luporsant industry.

In the course of investigations into the prevention
end trnaﬁnont of Bistononiusis, one of the major airrioulu
ttu hss nhnys bun tho lau or an adequntt aupply or
lnrootod turkeyn un&tr controllﬁd oondiﬁlonl. ror nsatiﬁ-
tical parposnl 1t is esasntlal that diseanod birda should
be of oonparnblo nso and woi;ht 1n ord-r that tno cftl-
eienoy of the prevontivo or ouratlva nathod: oan bo _".
aeeuratcly ﬁutornin&d. rurthormorn, it 1s desirnhlo’thut
gs fer as possible tho inoiﬂcnas or Hintoanniaais in graapa
or hirﬁs uucd ror oxporinnntsl pnrpouoa ahould bs 100 par-
eent, It is thcrurore 1mportant to have 8 msthod or pro-
dualns Bistaaaalasxu nt will. ﬁith all or thu abave
ntutionod objocts in viow, the prahlan or cxparlacnsui ”
tranlniasion of Eintononiaale by ditrcront rontcs uan

;olaotcd.



these parescites. Hadley end Amison (1911) and Hadley
(1916} later beceus sivocates of the theory of the flagel~
lste nsture of the infeotion.  They belleved that ® =~ -
Trichomonas which ordinarily lives the life of e hersless
resident of the intestines of fowls may assume a new role
under conditions that lower the resistsnce of the bird,
Badley elso contended that flegellosle (es he eslled L)
of the ceos snd liver could not be regarded es en’ infec-
tious disecese, since Trichomonas existed in the intestinal
tract as s facultetive peresite and 1ts dlsease produeing
powers were wholly extrinsie to ite own physiologloel =7~
organization, asl eagylaia. Be Cuo0 ived she "pulsaning
©ocugewett (1911) inm Bouth Africe likewise held the
view that a Trichomonsds *Trichomonas’ sberthi™ (Kent) was
s normel inhabitent of the ceoce of heslthy blrds énd that
under certsin conditions this flogellate beceane pethogenio
end profuce Blaokhead. In his’deseription of this pare-
site Jowett mentiona” the' presence of @ well developed’ undu-
lating mesbrane and axostyle. 'Beceause of this supgested
conneotion with Histomonsds, 1t is interesting %o noteé that
this suthor elso encountered spherical, oval or pear
sheped orgenisms With oaly two'Tlsgells and devold of an
andulating Geubrane’ and azostyle,’ Wil L siimd famnans.
‘pofieis (1911) expressed the opinion thet the posi-
tion snd pethogenis importanse of the Bleackhead parasite
was fiot olear. ~He referred to it’as "Entamceba’melesgris




48" in bis textbook on protomzgolegy.: v worsLnn

“fyzger (1919) diseredited the imosba, Uocoidie and
triohomonsd hypothesis and published the first of s series-
of erticles which served to counteraot the oonfudon:iha_t
sarlisr existed regerding the ceusstive agent of Blackhead.
In his earlier work Tyzzer mentions no flagella arising
from the extra nucleer body. He did 'describe-the emoebold
govements of the orgenisa. In a lster paper (1920) enti-
tled "The ¥Ylesgellate Charactser aand Reolassification of the
Peresite Froducing *Blackhesd® in Turkeys. Histomonss -
(gen. mov,) melesgridis (8mith)," he rensmed Saith's orgsn-
isa Histosones selesgridis. He deseribed the *pulsating
movements” of the perasites when observed under the micro-
soope i & wars chember at 41°:G. to 42%.C,, and geve con-
sidersble evidenee that the parasite migrates through the
tissue by aaoeboid moveaents. A rudimentary flagellum on
the surface of the orgenism wes also observed. o~ ...

In sddition he called attention to the existence of
various developmentel pheses in the tissue which he nemed
vinvesive phase,” the "vegetative phese” and the“"resistent
phase®” of the perasite. - oo

- Phe first fors i.e. lavasive: phane is found in
serly lesions of the disease and rarely in older lesions,
It is amoeboid in neture end messures 8 to 17 miorons,
slthough some orgenisms as long as 30 slorone have deen
poted. It is found between the sells and is pever intra-




eellular, The oytoplesm is basophilie end consists’ of”
oleer eytoplasm end e finely granular endoplesm.’ There is
e smell extre nuclear body present although its locstion is
variable, ‘lIngested particles mey be found in vaeuoles in
the oytoplaess, but Lacterles are never observed in"this”
first stage. -

The ‘second form is the vegetative Stage whish'is "'¢
found in slightly older 16s1ons ond measirss®ls to' 21"~
miorons in length snd sbsat 12 siorons ia widbh, ’ They ars’
present in great numbers’ énd ars msgoclsted with distension
abd Aisruption’of the tissuss. The ey€oplasm is'still "
basophilic, eclasr and transperent but without ingested
padtieles, 7 7 the ooes of chlelene, Dréshisv (1H3
Wtiliigne thied ford i the resistunt dtage and ‘is found
in the oldest ‘Losiohs of ‘the disoase!  These foras are
small; verying in size from°h to Ll alerons in'dismeter.
The eftoplass 1a scidophilfe and 1s £illsd with smell gren-
ules or globulss which give it o rather eourbe sppéurance,
THe organlsms are spheriés) in'shape or sompressed in’
#asses with their shepe modified by oonfect with other
flagellates. The number of orgenisms in such messes may
vary Prom two €0 several doazen, After being enclosed in
the tissue the parasife besdued survounded by a Sranspavent
thiek layer ‘whieh eppjests almost oystlike in neture,” ' "¢
slthough these forus are deseribed +5 resistant ‘stages,”
this 18 & @isnomer. ~Lven Ghough s eyetiike membrame ~ -




surrounds the paresite, it is still very susceptidle to
environmental conditions and can iive only a very short
tine outside the body. .
©.Ia sdditlion %o the tissue ateges, the parasite may -

develop flagellated stages in the lumen of the cecum or in
Sulowie medld; el Tyaser's obsorvatises op Hhe Debaviouwr:

Freo flagellated forms were first ssen by Iyazer and
Fabyan (1922). . These were taken from the cecs of experi-
aentally infected turkeys. They stated that in the ‘eece of
turkeys late in the disease e forw of Histomonss melesw -
gridis was found in considereble numsbers of which oge or
two short flagella were demonstrable,  In 1924 Tyzzer found
flegellste forms inm the ceca of chickens. Drbohlav (1924)
obtained the flagellated forms in cultures from the ceca of
disessed birds, PFlagellate type parasites showed = great
variety of emoebold movesents sid ingested bacteria, cell
fregaents and stareh grains. = ° :

Pyszer (1934) later shed more light on the nature
end behavior of listomonas. In cecal discharges under
optimum conditions, it is fairly rounded but with irreguler
surface extensions, n--mu(u:.«un amoaboid movemenis
and rhythaic rotary movements,

In ertiricial culture the organisms usually atteins
@ lsrgér size than in cecel discharges and exhibvite sctive
smoeboid movements, st other timés they are more rounded
end undergo "ehythmie flegellate motility." The flagel-
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isted pheses may messure from 4.5 to 25 miorons in dismeter
and flettensd amosbold forms measure considerably more:
¥hile normally uniflsgellate and aflagellate forms sre -
cosmon, those with two or-even four flegella sre not iafre-
quently encountered in oultures. Devolt and- Davis (1936)
largely oconfirmed Tyzzer's observations on the bshaviour: '
nnlrh:turo of the organism: froa tissues, in secal dis.
oberges, snd in oulture.

~ Wenrdeh (1943} made comparsiive studies of Histo-~
aoneds froam the ceca of phessaéntis and obickens. Measure-
ment of 400 organisme from pheasants gave a renge of 9:to
£3 microns ip diameter with an eversge of:13.9 mierons., In
chickens 2 renge from 5 to .18 aieross in disseter with an
gverage of 7.86 mierons. The cytoplasa 1s ususlly composed
of = clear, outer eotossrs snd o cosrsely greauler sndo- -
sare. It aey conbain bascterla, starch grains-and other
food particles, including en-Ocoesidnel red blood eell,
The nusleus is often vesicular, with e siagle dense
keryosome, or it may conteln ss many as eight scattered
ohromstin grenules. Near the aueleus is s basel granule
or blephsroplast frow whiok the flégolli arises. ‘' There 18
typloelly a single, short flegellum but as seny as four mey
be present. kovements may ba ezoebold, and there may be a
pulseting, rhythaioc iatracytoplesmic movement. The fls-
gelle produce e charecteristio, jerky, oseilleting movenent
regexbdling that of Tricbomonads but Histomonas ¢sn be
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perts of the United States of /merics. :Gilvert (1899) -
found it in Ottews, Canede. In- 1308, F. V, Fheobold.,:
pslled attention to its yresence in Bnglend, bdrighes in
1907 reported ite prevalence in Marylend,  In'the state of
Missouri the disespe was reporsed sometise in the yeer 1915
end brikeen (1945) indicated that the losses froe Blackhead
in Eissouril chicken flocks renged from one $o fifty per-
cent, » 4 vy § e en Literstare of gsme of t8e
irensaission experiments frow disessed to.heslthy
turkeys were done epperently for the first time by Veranus
Moore im L1896 et the B.s.l. Leboratory, Weshisgton, D.O. .
He obteined specimens from Cushman of the Rbode Islead
gxperiment Gtetion. Turkeys obtained from mneerby flocks
were inooulétad.“nﬁe aneceedsd thﬁriﬁéiit;fﬁé'tho disense
to one of two poults by feeding them with disessed liver: .
gnd cece. 'In the case of four oLher. young turkeys uLhat
were oonfined in e pen with twe sffected.oaes and fed delly
with their exoretas, the dissase was trensaltted $o three.
in 1900 Chester veported.the trensuission of the disease
%0 a fowl, but he refers to the csussiive orgeniss as e
*gooelidia,” o doubt the fipding of Oreybill snd Saith ia.
1520 showing that the cecal worms (Helerskis geilinse) .. -
piayed en importent role, iavelideted. oertein esriler: ..
ttbﬂrilun&l'ln_whicn;ausai;werm;nau»noaingn!idt:uﬁ,hlra;1
disease hes sipoe bess trasssitted by ‘many  lavestigators
by different routes of inooulstion, with different degrees
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of success. Histomonissis can be experimentally produced
by oral or by rontal inooculation of the liver snd cecsl
loilaunuxrun aocute catcg,_cccul dianhnrssl at caxrlq;j.
enltnro of Histomonas snd embryonsted Heterakis eggs or by
1atravtnous intrshepatic, intracecal, suboutencous, end
istratnaoulur 1n¢oﬁlstion o! aspoetlenllr 6btalnad iataeted
t&lauan. : -

~In the rollawing pagtl 1isorature or some of the
inportunt routes of transmission will be’ Gilcussad, with
their degree of success on sho atthoa snd nstor&el they
utilized for praancln;.txptttnantal Hintomon&aals. {Table

2.
, 3 !fi;anisiiunThy}érsl Iﬁooéliﬁﬁbnlu
At first, neither Smsith nor Tys=e§¥i£azheen able to

find dctlnitu 1n&1¢ation of tha presence et Blstagggg

eleagridis in the eeeal cantenta or dttcnlrgoa ‘of ' infected
biraa. smith (1915} atatad "Although the ccqn are the
ohief sest of the disease, and sre evldoaily the reglon
where the uisnutt sre rizah iavadad by we, ar aigaatlv.
tract, a study ot thn oontants nas ‘thue rnr yieldcd nothing
definite.” Tya:l! (1919) ltatad that "Tﬁ@ Gontants ar tna
eege are remarkebly Ires from p-resitn. It ‘hes_thus rar
been impossible to iﬁnntlry it in the aiiohurzan ixnnlneﬂ
during the life of the inraosed bird,” !houo uorkera.
iike most of the aﬁhnrs, were of the oplnlon that the,



15

TABLE LI uwly

_Exemples in the Literature of Ix orimnul ﬁrm-
. mission of numxuu (Emrog

opntttll, 31nn!han&l

~4in Turkeys.
nenso of | | _A g Apparent
t!nnnn&aaioa Jﬁtariel or Method  §n$hpr Success
Oral Infeoted liver and ﬁboéo
laoanlation csozl Sissue - tlaséi & 50%
oral S Moore
inooulation Sxereta = . oo (1896) 75%
orel Smbryonated agfs of ﬂ!iyhill
inooulation Heterokis ge loee s‘:gg
383 % 7(192ﬂ)1' High
0::%-:1 i Bisin:a:t;a‘ambiionata& ;:Ltgiifd
ation of Beterakis ay
geilinee Gasa0)
ZZer

(1928) High

Orsl | v _ Tyzzer
inoculation Liver end lung lesions Fabysn & ;
Eact (1921} O

Oned rectel  idver end liver cossl Owpiter &
fnoculstion Liver lesions Collier 53
!19251 38%
Orel ~ooi.  GCulturd of Histswones  Aklen
inoculetion  melesgridis {1951) 924
Orel . Culture of Histomonas  Devolt &
1nooulut&an msleagridis - Holaet
Orel E::::iftnd gecal :g:;:: A
{1949) 6.6%
Oral Zauleiflied liver 'rhrlar &
inoculation lesions Btephenson

(1949) ol




TABLE II (continued)
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Route of
Trensmiselion

Materiel or Method

ahas Apparant
e BUCOBSS. .

Subcutaneous
inoculation

Intreausculsr
incculation
{pectorsl
suscle)

Intrasusoular
iaoeulation

{pectorel
musecls)

Bloed inocula-
tion (wing
velin)

Blood 4inocule-
tion (wing
veln}

intracecal
1noeglatlnn

Intrscecal
imoculstion

Intracssal
inoculation

Intre~hepatioc
inoculeation

Liver lesiom, ' .

Liver lesions to
plgeons

Ceoel lesions and
Eqpegaxin oggs. .
Blood from posterior

megentric vein and
eescal velins

Blood from hesrt and

wing vein | |
Subeutendous and lung
lesions

Caqel_;éategfzréau
$ofeqved TeeReys

jrbifieislly hatched
disinfected larvase of
H. gallinase

(through body Bacteris free liver-

‘wall)

Tesion suspension ...

e

- Tromba

80%

X

Swales
(1948)

100%
Barrison,
v o

Bqtolﬁi.
Holet &' 304

roaba T
(19547 53%
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ABLE IXI-(oontinued) iz ccosi dlmuharsos

e v g3 M T
Route of : ‘ App:rsnt
Transnission  Hateriel or Method  ~  Author. ' Guecess
1nooulaticn : Banson
{by lepro~  Bacteris free liver ' - Devols,
topg) i lesion suspension ¥Holst &
S Rring She sowte stiecuTrolbia observalbio:
soalives | 2, (195k); 4 83$
Intravensus “oyzzer
indeuistion et,al.
(wing vein) Liver auapansion - (1921) LO%
Earthworms from Gurtiea e b
bhigt ke § ipfected soll SR & U1+ i PIET v -
Anthropods Blow files fru-shoy~  Xymaer e
per os. gurs, oric&o a, eto,  et.&l, .
{1920 & e
_ 1921} ]
inthropods L Snrkeys Devols & 00
per 08, .. _Files tﬁusca donentioa) Davis
P ' ( 1936) a. 6%
pirect ' = . Running Surkeys on ayhtll tc prods
&nraetion infected sreunﬁ {1951) | 12%
Di:;ot | \Rgggin%'zgrxsyn on chilathec b a——
eotion ae grounis w » sasns ofha
. yearling turkey hona 3?‘17) ' L84
Direct “‘Running turkeys on ¥ Devolg muciion was
infestion infected ground . Davis . et
i ‘U196 oL et heve”
Direct furkeye kept-with =~ Develt'& GO iupsa
infection . . ohleks _ Davis
. ! T “{1936) 63% v .
birect ‘Runaing turkeys on . Farmer &
infection &ntaotad ground “teahonuon
L idd 88l {1849} bR
bireet - - Running turkeys on Faraer &
infection infected grounda with Btaphnanon
e oo pOUASEY.. e ARTAT) 875
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najtraxrnutl-aa-rorﬂmh»iparaultt were the secal disoharges
and the bile, hence the feces. The parapite wes supposed:
t0 be scquired by the new host in contamineted ingested
sateriel. Tyszer (1924) encountered Histosmonas.in lerge
pumbers in the cece of ohickes eserly and lete in the infec-
tions, but not during the soute stteck, This obsarvation
confires the existence of o free stsge in the cecel con-
tents, = - ap of avan, B e Lotel ebliempt W
o Tyzeer (1919) end Yyzzer ebd Fabysn (1920) observed

thet the parasites (resistent forms) ere oceasionally found
in stsined sections 4o glent celis, It hes not yet been
proved that the forms found in the glsnt oells sre cepable:
of multiplying in norasl tarkeys. - They may have become'
demsged by the digestive enzymes of the glent cells. '~ .-

~Syzzer, Fabyen and Foot (1921) attempted to produce
Bleckhead by the intestinel route.  They were of she
opinion that the disesse could be produced by means other
than feeding infective tilssue,  Temporary obstructlon was
experimentelly produced by the injection of meited ' pareffin
into the lumen of the cecum, ' Pereffin elone or in conjunce
tion with Blackhesd virus, fails to csuse cecal imfeotion..
Tyzzer spd Pabyan (1922) later produced Elsckhesd with
typioal lesions in poulta by feediling considerable emounts
of sotive liver lesfond, ¢.n 7 sdilniekersd 'y ;

Pyzeer snd Oollier (1925) suggested: thet "the pase.
sage of the Blackheed protosoon 1ntd the turkey's csoum in




sufficlent numbers for it to become esteblished, appeers
t0 be the only ocondition necesssry for the invaslon of the
tissues in young turkeys, so that lowered raesistsnce and
ceval injury are without etlologic significance.” They
infeoted young turkeys by feeding them fresh liver lesion
of infected birds. The ingestion of such material by
turkeys et the age of five duys, produced lafeotion inm '
seven of a group of eleven., "In o later atteampt to produce
Blaokhesd by feeding fresh liver lesion %o seven poults
fifteen deys old Pelled. Thus in o totel of 18 turkeys
seven became infected. eelved Siatguaned

“Allen (1541) eultured the cherscteristlec Eistomonsds
liver lesions on a modified Boeok and Drbohlava wmedius to
which sterile rice starch wes sdded. The oulture containe
ing Histomoneds were ndministered per os, Twenty-four of
the twenty-six poults inoculated dled »f scute Histo-
soniasis. ' o8 K8

‘Devolt and Holst (1948} worked on the preventive
action of "viofora® against infectious Znterohepatitis
(Blackhead) of turkeya. Turkeys verylng in ege from one
t6 two months were injected with Bleckhesd oulture into the
erop. spproximately 97 percent of the birds died of
Hietomonissis, SEES 0FalLy ' o

Former and Stephenson (1949) sdministered emulsifieq
liver lesion orally te 16 turkey poults and found negative
sesults, When emulsified cecel lesion were given orally



to 15 poulta, one of them died of Blsckheed, . .. . . 9

- lund (1956) deseribed the effects of oral adminis-
tration of uaprotested B&utanonau to turkey -poults 6 to 19
weska of sge, OQut of 109 birds inosulated with Histo-
soneds in dilute suspension in saline, 66 gsgpgm healthy
while 43 became lnfeated, The 191.‘!%’-_5# Sqaurred, 4n Ahgut
40 peroent, morbidity sbout 20 peroent, and mortality less
than two gerceant. JFathological phanaqn,gorgfgpj;gughqgggj
scteristio of Histomonlesis ocourred in the asoa of 23 of
the 43 iafected birds. In another experiment a totel of
61 turkeys comprised of three groups, received Histomonads
in s dense suspansion of secal aqasagtq.;é seline or in egg
slbunen, Forty-seven fziled to bpapn;-gptoggtg,né_qorqJ:‘3
definitely infeotsd et necropsy .and elight were guestion- .
able, The orgenisms in the ilsst nemed lurkeys presented
ea atypicesl sppesrancs, If they were actuslly Histomoneds,
in his $hird experimest Lund did not observe aay definite
results Irom feeding macersted ilver l#%?%ﬁwmsmh
Histomonsds until doses of elmost five millilon organlsms .
were used. ¥hen @ greater conosatration of peresites were
given 20 percent of the birds soquired Histomonads, but
none of them dled snd nome were vislbly sick,  His feeding
experiment indiceted that orally soquired Elatomonads may
be of littie 1annrtapeo_t:aa_ﬁhe,;ta9ApotgkgqfaLn:gug;yisy
oompared to those orgepisme thet are expelled in the drop-
plogs of infected birds,  He slso lodlcated thet similer
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#s in sterved chiokeas not receiving an elkaell, He sug~ .
gested that resistant Heterakis ovum provides protestion
to the protozoon during ite pascage through the sedd ..
eavironment of the gilzzerd, JInfections are readily.
obtelined by the sdministration of smbryonsted ove of She. .
nesstode. The soidity of the gizzard of feeding chickens .
sppesrs to provide ‘a barrisr to the passage of the unpro~
teoted protozoon iato the dateatime, iveic b ol Loln guba,

This hypothesis might be trus in the case of turikeys
but there is no doubt that soms birds become iafected only
by the lagestion of infected tissue lesions, and bthab the
fesults might depend on-the dose of the infeotive materisl
sontaining Histomonedam. ! vhlcls Cowalopad Lyplowt Tledke

| II. "i‘ﬁnﬁs&ia;i«ép hyﬂeotullnaoulatian

% 4 55>

As - first shosn by Bpowne (1932) end leter by Hill.
and Sebillinger (1923) thst fluld iatroduced into the
closca of the chiecken is comxzonly passed into the cecs.
Adventage of this phyeliologicel résponse was mede by vari-
ous investigators to produce & type of Blesckhesd which 1s
pimiler to Lhet seen in heture,  They have shown thet ..
peotel inooculation furanishes an essy and rether rellable
method of transsitting infeotion vo both turkeye and « - .
ohlokens. issisns of Llisckheed wore ShDdcPVEd 48 SaFly o8

{4 high percentage of sugeessful results were rirst
demonstrated by Tysmer {1924} end Tyzzer end Uolller (1925).




‘A suspension of ground liver lesions wes employed for pro-
«dueing Blsckhead by rectel ‘imjsction. Out of 20 exposed
turkeys of different sges (five to fifty-sight deys old)
16 became infected. The death of ths infected birds
ocsurred bLetweon ten to twenty deys sfter she rirst injeo~
tlon. In several vases they made rectal iafoctions of ‘the
material on suceussive days. - Histomonss meledgridis was
found in the cecai contents with involvement of both ceca.
o Delepiene (1932) confirmed the transsission experi-
ments of Tyazer und Jollier. The infective material =
consisting of liver, cecs, and both liver end cecoa were -
injected (1 ml.} per rectum %o 54 turkeys and 21 ohioks, -
Forty-nine turkeys smnd:1l) ohicks developed typical Blaok~ -
tiead inm thely livers. ' Both ceos of the birds were '
invoived wmith one exception.,. Ia esnother experimeat, the
protozos was srtificieliy cultivated oh Bosck's Looke egg
nedia. ¥Feces of the bivds wers ussed to dmoculate the i '
medim,  The rectel injeetion of thia culture (l.5 ml. il
resultod in infeosion in one of five turkeys. ~The orgen~
isus were subsequently reoultiveted from the eecsl oon=
tents of this bird. He demonstrated that the lnoubation
period im young artificislly infeoted birds was &pparently
short. 3he eversge Leing ten deys after infestion. 'Typi-
éal cecal lesions of Blackheed were observed ss early as
she fourtk day followdng exposure., Boih cesel and liver
lesions wers observed seven dsys followlng exposure. ' He
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further suggested that ground disessed ceca of turkeys or -
ehickens are as capesblo of iafeoting turkey poults as . |
ground dissased iiver, when thy maveriel is injegted rece
tally. speeted sfter oo Latewvel of two hours
dyzaer (1933) infected veu nen ohioks by this method,
Ia 193k he inrected 15 of 16 poults and A8 of 25 henohicks
by rectal inooulstion., He suggested that the incoulua is
petter retained in birds that have fasted overaight than.in
thoss that ers fully fed. Furwherwore ne atates that the
sloacal injection of cultures causes Blsokhsed mors rogu-
larly ia young turdeys than in young kel chicss.- All the
eulstures contained cecsl bacteries. Howsever oloscsal injec-
tion of oultures frozes overaight «t-15%:C. failed %o cause
Slackhesd., Tyzzer stated that Histomomag is alone the
csuse of the disease. Rectal lsoguliation with young oul-
tures wes sgeia sttempted in 1936. Iafection wes obialned
fa 161 out of 162 chicks, but those subculiured for lengthy
periods becsse attenusted and 4id not produce Slackhead. .
Bishop (1938) infected hen chioks by rectal imooulation. .
with cultures of Histosones meleegridis and obteined good
results. s sn iatervel of two hours doluesn injedtions.
Farner -and Stephenson (1949} voapsred werious ..
gethods used for the experimental infection of turkeys with
Blaokhead. The effeot of inoculating diseased tlasue into
the turkeys per rectum was regsrded by far the most suc-
cessful metbod. Young turkeys four weeks old.were injected
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rectally with a cecel suspension in Ringers solution. Two
snd five tenths ml. of this suspension was given to each
bird after en eneme of 5 ml. of Hingers solutdon.' The. -
injection was repested after an interval of two hours.
ixperimental birds died 9 to lh days after exposure, Fosl-
tive resulta were obtained in 20 of 24 cases, ~Slxteen’
birds were given disessed cecs rsotelly without an ascoom~ -
penying enems. Thirteenm poults developed Blesokhead. ' When
e suspension of liver lesions were given rectally without
ab enema, 7 out of 16 birds were positive, Sight of" 16
poults developed Blackhead when exposure was preceded: by
In the next experiment 78 rour-week old poults were
exposed by the sase route as in the previous ‘experiment,-
They were divided imto three groups on the basis of the -
volume of inoculun used snd the time interval between "
injections. The first group received 2.5 ml, each on two
ococasions with an interval of five minutes between. injec~
tions. “Twenty-three of 26 poults died of Blaokhead. 'The
ssoond group received 2.5 ml. of suspension edch on two.. .
cooasions with an interval of two hours betwesn injections,
All poults dled from Blsckhead within 14 days following
ujoouon. 511 showed typioal 11vor -m uoal loa!.onl.._. ‘
The third group rooolvcd 5 ml. nOh es @ ungh manotﬁ;
and 24, 0f 26 poults-died froa Blackhbeed. . These experis -
sents confirsed the efficecy of rectsl exposure. Farmer
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end Stephenson recommended it se suitable for infecting
turkeys to be used for experimental work in connection with
the testing of drugs for prophylesotic or therspeutic pur-
poses.

Seautter and Fomeroy (1950) 4id work on the chemo-
therapy of experimentsl Histomoniesis in turkeys. They
gsed the rectal injection method for producing the disesse.
Young turkeys were given an inaauluﬁ consisting of livers
from poults recently desd or destroyed et the helght of the
disesse. A new group of poults was sterted every six to
eight deys. It was found that when s culture was obtained
from & bird of e flock suffering from low mortality, the
bird died in 15 to 18 days on the firet pessasge, 12 to 15
days on the second passage and & to 10 days oo third pes~
sage. In contrast when cultures were obtained from a flook
suffering from an acute outbreak with acocoupanying bigh
mortality. Inoculations frowm such a flock produced deaths
of recipients in 6 to 10 days on the first passage. Denth
pocurred muoch esriier with repeated pessages. -He suggested
thet three pesssges inoreassed the virnlience of the orgsnism
and that virulenoe also depends on the birds from which
the culture was prepsred.

111, Trensmission by coﬁhlniaAOril_ahﬂ_Redtal Inocoulations

Devolt and Davis (1936) for the first time combined
orsl and rectal inoculetion for transmitting Blackhead with




suspensions of mecerated liver and ocecel tissue. Une ml.-
of the inogulum was passed through the mouth inmto the erop
of the poult by the eid of a gless pipette sud wiih the-
ssme pipetts a dose verying from 1/16 to i/4 ml.:was edmin-
istered per rectum. A totel of 27 poults were used for.the
experiment. - They were divided into three groups: &, B, ©
end C. Bight poults were.used im group 'A', four received
four doses esch, two received three doses each, end two . -
received only one inoculation. Six poults developed Biack-
head and two dled of general weskness. -In group:'B'itea .
poults received three doses eadh end sll developed Blaokw:
hesd. In group 'G' two received s single dose, four .
received doubls doses ench and the remeining three received
three doses esch, 41l developed Blasokhesd. Of the 27 .
poults, Blsokhead was produced in 25 of thesm.

In snother experiment 12 poults were inocuiasted -
repestedly with ground liver showing typioal lesions. 'Some
of them regeived ss meny as twelve inooulstions per os. end
per vent, All of these poults died of Histomoniasis during
the course of two months. Thus the inoculstions were .
equally effective but muoh slower in-eotion than those of
the previous experimsnts. He suggested a wide variation
in the pathogenioity of strsins of Histomonas and sbowed
thet culturses lose pathogenieity after being cerried in
vitro for severasl months. It seems prodbsdble on the basis:
of this information that the difference in results are
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attributsble to s difference in pethogenieity of the pare-
sites im the suspensions, ~ [ Ln 0w O LoLeaar gneses

Later Desvolt snd Davis (19)6) conduoted & ‘similar -
trensaission experiment using Histomonad oultures in Lookes
sodified smg medium. ‘A suspension wes obtelined from e 43-
‘hour oulture, The oral dose was stout 1 ml, and from 1/16
0 1/4 ml. was given per vant, Thirty-three birde from '8
40 23 dsys ol4 were dnooulsted thres to four times et 4ifl-
fersnt intervals in 4ifferent sroups., Typloal Blecikheed
was produced in 29 of 33 birds inoculaeted, He' desorived it
as "although ths inosuletion of young poults with cultures
of listomonsds hss regularly reproduced the disesse, 1t
sust be borne in mind that numerous bacteria of undeter- -
mined specles (baoteris normelly found ia the lntestinmal
tract) were presont in the oultures ™ .= - food inter-

In another experiment while studying the perasito-
logicel and olinical periods of Infectious Enterohepstitis
produced from culture, e total of 12 poults, 23 days’ole,
were inoculated three times et lntervels of thres to feur
hours with e Locke's ege mediun cultere contalnlng large
number of Bistomonas melsagridds. - Tech poult wes given
both oral snd naul. mjectiem a8 in other o:parumu.
Resultse thmvod ths u,plaatauon or the argani.aa in the
seca of 10 poults, Nine aied from the disemse and one
developed the disease without showing symptoms of siokness,
The inoculstions induced an scute fora of the disesase,
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The cecal Aroppings were positive for Histomones froa 2 to
8 days post inosuletion. The high dsgree of potenay cemsed
with the fallure of theé dees to discharge their contents as
the silment progresssd to its edvanced stages. 'The find-
ings of occasional Histomonads in the sulphup-colored. :
droppings thereafter prevented a period of sub-potency from
veing shsrply outlined. 4s a rule no droppings were volded
on the day or two days preceilng death. -

" Devolt end Usvis (1936) elso used infectious cecal
droppings es an inoculum for trensmitting Histowoniesis.
Five poults were incculeted with sterile Looke’s solution
gnd positive droppings. THe droppings were secured from a -
duﬁor bird during its poﬁcui-pdvioﬁ.-ﬁtadafnua»givnn.k:nla
guspersion per os. into the orop and sboat 1/8 ml. per vent,
Three Such doses were given to esch poult at regular inter-
vele. The deca of four oOf thée Tive were positive fer s
parssite but only two of ‘the four infeeted turieys died of
Bleckhsad. Typloal lesions were observed in the affocted
orgdns @nd culture was resovered rrom the céces: He suge= -
iiaud ‘that it thus sppeersed that Histoscnsds are lafec-
tious at once uﬂw uihg ‘votded in the dvoppings.:

r

1?.,‘ ‘rramminion by Subeutaneeua Inceulation

Blsckheosd %as transmitted by subcuteneous. inocule-
tion by Tyzzer end Febysn ( 1920} Tyszer, Fabysh erd Foot

{1921} ehd Devolt ehd Devis (1936).0% 1ons Lo doad wiasnes,
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Tyzzer end Febyan (1920) suggested that & distinot
form of Bleekhesd mey be produced in turkeys by subcutane-
ous inooulstion of liver lesions irom acute ceses snd that
this disemse may be propegeted eppsrently indefinitely by
sub~inogulstion into healthy turkeys.- Fourteen turkeys
were inoculated subcutensously with bits of fresh liver
lesions in the left brasast, Kost of them sither succumbed
to the disease or were in e dying condition when killed.
In several of the inoculsted turkeys the subecutaneous
lesion falled to attein grest size, indiceting that the .
lesion bad so epprecisble effect on the growth and heelth
of the turkeys. %The progress of the disesnse depenis on the
involvewent of vitel orgens, Secondapy lesions were found
regulerly in the lungs, rerely in the liver apd kiduneys.
The-incuvation period wes il to 17 daye., . -

Tyzzer et. al. {1921) reported thet subcutaneous
injection of scrapeings of the cecal mucosa of seversl old
tirkoys d4id pot produce disease.  Heterskis freshly
obteined from cases of Blackhead were washed severesl times
in salt solution and were injeeted subgutsneously iato. .
turkeys. 4ll gave negative results., It was suggested that
scute inflammation resulting from the injection of cecal-
contents may interfere with the development. of Histomonas,
The results of the inoculation of neerotic portions of sub-
suteneous lesions, or materisl from healing lesions indi-
este that Eistomonas does not persist long in deed tissues,
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<o . din enother experiment, Tyzzer, Fabysn and Foob (1921)
produced Blaokhead by suboutansous inoculstion in- e nusber
of turkeys, which he designated as "Inoculated Bleckheed."
4 bigh percentege of success waes obtsined dby this methodl
Liver showing ohsrascteristic lesions of actite Bleokhesed -
sfter belng subjected to freezing, refrigeretion or room:
tenperature was inooculsted suboutaneously into turkeys from
3 %0 6 weeks 0ld. It was found that Histomones deterioretes
wore rapidly st rooa teapersture than at.lower temperature.
4t refrigerator temperature.5° 0. it mey remein slive for

st least four dsys, -dut waes quickly killed-by sctusl U '
freezing. These results were baesed on suboutanedus laoou-
lation experiments,  The silment was deseribed as consist-
ing of s suboutensous leslon at the goimt of inoculatlon
acoompanied hy uoondary 1nvolvmont. o: Sho luaga anﬁ
rarely the liver snd kidoeys. '

Devolt and Davis (1936) reported that suboutensous -
inoculation resulted in "Imoculeted Bleokhead™ id e high
peroentege of poults., The inoculua wes obtainad fxom = .
turkey livera showiag charascteristic leslons of Blaokhead.
Ia carrying out the experimens, an ineision three-fourths
to one inch long was made through the skin oa the unfeath-
sred areae over the shoulder joint. With the help of a
clean scalpel handle, the skia and fasola waa loossned and
a plece of liver tissue was then pushad through the inoi-
sion down to the end of the loosened tract beneath the
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skin. At the seme time a small emount of a suspension pre-
psred by erushing up s few pleces of diseazad liver tissus
in Loeke's solutlon or sterile sasline wes injected through
the skin around the implented liver plece with the expects-
tion that it would prevent destructive drylug of the pare-
gltes before they could penstrate the museles,  ¥ith this
wothod, Blackised wes produved in 16 of 20 poults betwesn
the eges of 27 end &0 dmys, The diseamse wes fatal in 1p .
poults. In these sixteen seses death oocourred et vu&oés :
times between the 13th end the 28th dey following inoou-
lation, In all éaéu éha fibruau‘cas arlonel ll;diona at the
point of inocculetion wss compliocated by lesions im one or
both lungs and in some ceses the liver wss aleo absgessed
showing oharscteristic Blaokhead lesions, = = ooonon of

V. __.'!‘rnéulsioa bj'_;ntruuaét;hr?:15563114{.10;1_  |

Tyzzer &nd Febyan (1920) produced “Incoulsted Blsck-
hesd® in pigeons by intremuscular injeetion of liver:
lesions, Out of 18 pigecms inooulsted; 3 showed an indu-
rated mess with microscoploally ective lesions., The
reaaining plgeons were negative showlsg e slight loecal . -
reaction or with an indefinite swelling et the polat of
injection. avicus smpante of whole Blood wera wish-

: - pygzer et, el (1921) tested the infectiousness of
various msterials fros Bleckhesd lesions elso including
Heterakls eggs. A Series of turkeys wers inoculated




dntresuscularly. The contents of diseased ceca was 0ol-
lected from e oase of Bleokhead end was injeoted on 2 .
separate ocoasions into the bresst musoles of a healthy
turkey. Such material falled to produce Blaekhesd, . Ripe
Heterakis egg, when fed to turkey produced: Blackheod,. .
bowever when 1lnjected into the breast muscles of s normel.
turkey negative resulis were obtained, ; He suggested thet
Elstomonss, even if present in the musoles is incapable of
developing,

© Ve
Be @

'?I; T?annmianion by Blooa xnoeulosion

. ... The "blood, phnse" of the litb a;cln or1§£“!g!gg!"
selesgridis wes postulated some time baeck but 1t was .

incompletely proven,  Ho positive prgo:quzﬁhlgprqgggp’hqt
protozoe in the blood atream hes been publisbed.. Thus fer
Ao other hypothesis has been advenced for its migretion
from the site of Lnf“ﬂ&?:ﬂ-z in the cegs $o the liver, .. ..
deGuire (1955) hes proved thet the wiero-organlss travels
fros the cecs to the liver via the hepatle portal,eirou-;..
180400 e ek che hepstie portsl apstom. The Ilver sppur-
%oGuire end Morehouse (1958) produced "Blooed induced
ﬂlaakhsad" 4n 7 of 28 inosuleted poults Aa_ 5 separate.
experiments,  Verious smounts of whole blood were with-
dfa-n into sterile citreted syringes frosm the posterior
mesentric veins, small cecal velns, and heart or wing

veins, HNo infection resulted from the transfuslon of
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heert or wing veln blood in any of the reoiplents.” A
fetal case of Blackhead devclopod hy lnooullting 0. 75 to
3.0 ml. of whole vaincas blood rran tha oooul volns ot
dil'lliﬂ donnr turxoy into thn uing vcin or susooptihxo
turqul. Leuionn ef sxackhanﬁ were roana in tno 11var-'
with atyploal {nvolvement or lungu, kiduoya, htart, npliﬁﬂ-
panoroan~enﬂ provontriaulun. bum ln.no 1nutnnco waa tha :
esca or any portion or tho louar 1nto't1nal truet :nvolved.
He auggostod thnt thio protazoa 13 oapablo or ontranoa tua
survival ln ths turkoy blood streeam. !urShorucro it oan
cstahltsh iﬁaolf ana cause pathology 1n naarly ans typo or
tissue to whiah 1% oan gcln aoaoaa. In ooatralc Durant
(1929) dnnonatrating thet the cecs ere the prilnrr site of
naturel Bleokhesd, when the cece were surgiocally ebligated
or rezoved, no infeotion resulted. ' TFarzer snd Stephenson
{(1949) indiocated 2 Iaf&nigs'tlns reletion between the
developsent of the infeotlon in the ceocn and appearence of
liver leslons. MoSuire end Norehouse slso gave indirect
evidence of the pessage of Histomonas from the ceca %o the
liver through the hepatis portsl system., The liver appar-
ently aots es an efficlent filter for these organisms,
usually preveating pathology in other sultable tissues '
when the larection proceeds by its naturel routeés,
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~ . ¥IXI. Trensaission by Varlous Other Methods v

: O n % A o £
e L PR "31:,‘3 Lo 31

. auny 1nv.-tlgators hav. trioﬁ.othnr potgnds of
tr-n-nttting Blaokhoad with vsrying aograe;'o; ;nooou;:xhyh
aono ot tho 1nportant nathoda will ba brigrly dinounuod. i

} Tharc 1- ahundanz avidanoe that Hiifg;onas 1n not':”
trunanlttod throngh tho turkay'a csg.t Gurtioa (1907) ‘
rlrst naﬂo th&n aanertion. Sntth (191?) onrriud along 23
lncubatora hatohnd and broodnr-rainad poults ror nora thnn
6 wooka wlthouh tbo nppanranoo or Blaoxhnaé anang thcn._h
81noo tho ogga rron whioh th- poulta wnro hatnhud were 1
rron an inroetad rlock tho oxpurimant auppliud eonsidoéa-

blc ovmdonec that eho protozoon uan not asg borno.‘_‘

‘Phis method was first tried by Tyzzer, Fabysn and:
Poot {1921). They suggested that Histomones under normel
pnyslnlogioul“aanﬁitlonn;»uight:bhldeutrayo(?inlpnaaing
through the slimentary traot before reaching the ceoca,.”
This was considered as & possible besis for the fellure to.
iafeot birds by feeding fresh: lesions. "They performed - -
laprotomies on three turkeys and ipjected & suspension of '~
ground subeutsnecus end ‘lung lésions directly through the
wall of the cecs into its lumen, The turkeys 444 not =
develop Histomonlasis. 'They further suggested that some
fors or Bintononau, not teund in soute lesions, might be

nnoou-nry ror thn ponntrntion ot bhn nceal mucosa before

'i-..\- 0 e 9




csusative esgent of Bleckhead; yet other orgenisms heve
been frequently found, essocieted with the Bleckheed liver
lesion.  (Devolt and Davis 1935; Niial: 19361»3113&11’352
Borxionpa A9S8 ol of tes furBeyz. ke Qlsnese A PO~

- Berrison et. al. (1954) reported intrs-hepatic -
inoculation with a bacterial free liver lesion suspension
of Histomoneds, 'Une to 2 ml. of this suspension was '~
injected into the liver depending upon the size of the
pouls. In his first experiment (1951) a totel of 17 .
bacterie-free livers were inoculated into the livers of &40
poults through the body wall., ' Twelve poults developed = -
lesions. In the second experiment (1952) 8 bacteria~free
donor livnrs were used for the preparation of a suspension.
It was injootad through tha hady uall lnto the livars or :
32 poults. Savantson dovolopad typioal 1onioaa.i In th. :

ify

third o:parin.nt (1952) titt haotor1a~r;qq dona:r;;ggrs

Ilro ulod tor inooulatlng Rk ponlta.J\Iﬁnisiona';;éo ;s&o
lnto th. body oavzﬁy and thn -unp-nsion wan 1n3¢etcd lnto
tho nldalo pariotal nurrleo or tho lart livnr loba.w wztn
th&a nsthod 1nrtot1on devolopod 1n 20 poultl. In u;othar
oxpcrlnant rour paultt uoro 1nonulatod u13h13-1ta (Ek)ﬂ .

rIIIratua a8 abovo. ano ar than- poulta devalopeﬁ nyap-

ta-a ar sicknoal ana nona eantaincd Histomonlsnxs lasionl

when km-a. '_

5 . g ;S e g & R T
""'"f Lk s SABSLY Wals: Sull8w

' ;!EI! WW le OF o LEVSAt gg Savis
(1926 tr:s-r*ut.etl.;tliﬁl)-llﬂﬁllﬁi'dilﬂlki!!@lnara-
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vemously to determine whether certain organs or tissue
were more fevorable for the development of Histomonas. The
liver suspensioen in doses of 0.5 to 2 ml, were injected
into the wing vein of ten turkeys. - The disesse was pro-
duced in only = relatively smell number of birde. dater-’
véneous imoculstion of birds produced iesions mainly in-
the lungs and smaller eecondsry lesions were distributed

in various orgens. ~Ia order of frequency they ere 8s. i ii:
follows: 1lung, liver, kidney, provemtriculus, panereas,:
sssll intestine, spleen, cedus and overy. -Although sikel o=
tal museles ere readily invaded, no metastatic lsslons were
found in thea,

The possibility of srtbropods 8s intermediate hoats
in the trensmission of Blackbead wee considered by Smith in
nis originel report but leter he disecarded the possibility.
gurtice (1907) mentions that many. poults whieh he had
raised free from Blackhesd ~apdaubtedly ste 8ll sorte of
insects.” 7Tyzzer and Fpbyen (1920) fed young turkeys .. ...
grasshoppers, orickets and-elso ebout 135 Blow flies ...
(Celliphore erythrocephela) which hed fed on finely minced

lung lesions from a case of inoenlated Blackheed.. The.
turkeys remained normal snd econtinued to grow.. Tyzzer et,
gl. (1921) aid the seme type ,of experiment with Blue- .. .
bottle flies and found neghtive results,  Devolt asad Pavis
(1936) suggested the possibility that flies (Kuscm




domestica) might cerry the disease sither as biologlcel -~
host or as mechsnlcel veotors.  oOn the besis: of 49 poults
exposed. to flies during the course of three experiments -
sxtending over 3 years, only three cases of Blackhead
ooourred. Apparently flies sct as mechanical vector of the
dlnonlo.an,oert;in'oooa'iona'whon-ths-paraaital cling to
their legs or other perss of the body.:

it is quite clesr now that aribropod pleys no direct
pert in the ddsseminstion of the diseese, end the absence
of the protozoon in the periphersl oirculation would indi-
¢ate that biting insects such ss certsin lice pley ho role
1n-traalu1$tln¢ the diseese.  (Devolt :ndabavil 1936).

5, Direct Ingoozion |

Transnission of Histomoniasls hy running turkoya on
inrootod ground Gr-ybill (1921) produooa 12 pcroonﬁ infec-
tion in e rlook or artxrielally-resrad turkcra.' Snith
(1917) obtainod 48 puroent 1nroction 1n gonng poults :'
exposed to 1nr¢otad groundc along with ynarling tnrkcy
h.na Rcttgor nnd Kirkpntrick anﬂ Hoalplne (1929) raportaa
un 1neidunoo of 17 to 21 poreont tor poulta kept 1n .g..
tionary pon: a8 again-t 7 to 8 pcroant ror poults ou [
rotation s:ntos.. Dovolt and Dnvie (1936) desoribed tho
trensaission or Hiltomoninais by oontnninatod aoil a8 &
potent feotor. rtrtyathroo of 84 poultu oontruotod Bluak—
beed trou oonsiminot.d so&l resovod rron thu ohiokon and 4

turkcy breeder 3erds.' Sovon aied rron othor causes ana 24
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remeined uninfected. In these experiments losses occurred
fros two to thres weeks after the young paultn were
exposed. Later he showed 2n 1noiaonco of &6 2 pcraont 1n
poults under similar conﬂitlonn and 15 percent 1n sdult '
tnrknyn. whln poultl vare tapt wluh chicks Blaokhand was
produced in 62.5 paraant or the poults.

Psrner and Sttphanaon (19#9} lugcaltta thst it has |
not yot been po-ulblo to obtuln mers than 87 paronnt intao-
tton by running tnrknyn on infected groundn nlon; u&th Ay
othtr poultry.l ankcyu 6 to 8 waeta old wers placed on |
1nr-ctod grounds upon whlch turkeya naﬂ dovelopcd Blnek-
hud. Slxty-nine tarkan nre dividcﬂ into thru eqaal
groups. The first group wan run on tho ground wlth 18 '
rauln, the second eroup was run on 1nrnoted gronnd with no
fowls and the third group uas run on "clnan" graund not
provlonnly oaoupied by inrcctaa turx-ya or otber foui.
After one month the roaultl uora as rollo'l=‘ In the first
group 18 turk-ya died froa Blaokhaad. or tho rlva -urvlv-
ors, two ahouud ovldonoo of Bluokhoad ond thrao woro
nogutivt._ In tha accond group 11 burkiya dieﬁ rrou the
Bluokhnaa while 011 12 lurvivara wnro nugttivc. In tho

third group only one turksy dicd of Blnskh.ud aﬁd cho
remaining 22 birds were negstive,

These experiments indicete that the psrasite in the
turkey end chicken 1s the same, and the turkey mey aoquire
both the cecel worm and the protozoon parasite from the




ohiocken,

Qther Possible Faet:

Bnith and ﬁraybill (1920) mede some vary 1npurtant
obttrvutiona in maneioning that Blaﬂkhaad ditnano -;n g
'Batcrakia appeursd smong yonng turkeya uhon kcpt 1n an
unuloa horse paddook ennlosod bg 5 high iron ranao and not
oocuplod by ponltry tor nany ysara. Yhe 9usturo was plowad
!Irly one aprlns end aowad to oats §n4 grlal. The e:pia-
antion orrurod for this typo of 1nreution 1: the attrnotion
or vild hlrda 1n largt nunbera to the raod aupgly 1n tho
turkay onnlouuras. Theao hirds wern aupposca So htvo
cuposited 1nt-ot1ve natorlaia uhieh wara takon uy by eho ¢
tnrkoys."" ' 1 o s f iy

“crem {1927! :uggostta that narthnorn uay net aa 8
loohnnioal vuotar for thn cggs or ot ggg 1 nae: 2' 
*aartunorn nuy Lngont the cggn and uurry thon 1n sho i s
1ntast1nu, snd bird- may hoeama 1nreatoa hy nating suoh
tarthwarn- tha aarthuaru nay alsa puns thasn osga “in thoir
etas: end thnl infect otharwino uninrocted ground ”'“y g
Surtice 11907) produocd 17 yaroant 1nreotion_or alaekh-ad

bx oral 1nocu1atiunu of aarthvorms from 1hruotld so;l

fewesn o i B0, TS A% TARKSs ULe
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mcwmcx or BIB'X‘GhOﬁIAﬁIS w vmmua aosm
‘ o'rnaa maa THE mxzr Rl o i

1. The Chicken:--Infections in chiokens have been .
widely reported by Chester and Robim (1900); Curtice
(1907) 3 Theobald (1907); Eilke (1%08); Cole, Hedley and
firkpatriok (1910)y Bigglas (1915); Tyzzer (1919 end 1924L);
Saith and Oraybill (1920); Zsupp (1322) and Eriksen {1925} .
The infestion in the common fowl ususlly runs @ auch milder
eourse than in the turkey bubt is otherwise very similar,
Smith snd Creybill found that in chieks experimentalily
{pfected with Heterakis eggs, the iaitiel lesions appseered
in the ocecs, ususlly followed by e mlaroscople focal eol-
lection of lymphoocytes or yellowish necrotic foei in the
liver. The 1nrlumati.on nne thiokoning of tha oeqal "11
and sabuquut tarmuon ot a "oore" rneublu lmwhat thu
tcnaiuon in th- snrko,r buﬁ nvar lui.mu boar no aoupnri-
m in thc two birda., Bnun nnd Graybnl stau thn& all
thﬁr ohiou uould probahly luwe aurvi.nd haa tm: nos bnn
uuoa, for tho processes or ropair hcd been initiated,
-harul upor!.mntauy S,ntutcd turkoya usually die.

Hilks, Keupp end Eriksen indicate, that at times the
diseese in chickens may run. a Ruch LOre severe course,
Kaupp observed the death of 42 out of the 43 silver ..
ip.m.anmburg chicks sbout five weeks of sge, Eriksen
neeropsied a total of 25 birds from 17 kissouri flocks.
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The losses renged rrom one bird in e flock of 350 to more
than 50 pereent in two other flocks,” During Recropsy ocevel
end liver lesions were observed., Occselonally the liver
wee enlarged to severel times 1ts normel sige and was Btud-
ded with grey amd greyish yelliow aress 3'to 8 amm, in " 7
diemeter which penetrated deeply into the liver tissue.
Histomohes was' observed in sections of both the cece and
in the llvar. ?ho age of uha uxpcriaontal ahtcxa was from
7 %0 10 weeku.‘ ?hua inreation in ahiokons any auaumo - g
serious nature'at times, althﬂugh undor ardiaar: oiraunuﬁ-ﬂ
ltanooa 1t appears so ho wall tolarated by tha nest.h‘_,p
T:zﬁor and ?nbynn {19?2) round thnt suboutanedﬁu;t
axpoauro or 1nrwotious natorial to ohioka hp; a 1?931 aaa‘
traantnnt ozraot o tha birﬁa. _ | FE e ¥ '

2. "The Plgeon:~-The cecs of ‘the plgeon is ‘¢ small ®
leterel diverticulue and is not known to herbor Histomones,
Tyzwer and Fabyen (1920) produced transient but well
defined 1ooalia¢d loslon 1n tha auboutanaous tisaun and

L

4poebora1 munolo.i Tho ;noculum wes 11vor tissu‘ ursaniaua

rron noalvs e-nos ot Blaokhqu 1a turx.rn.‘_

'3.'' whe Ruffed Grouse;--According to Tyzzer and
Pabyen £1920), and ﬁra;txxl (3925) thit hird ooanonlr

b

luooqnbl to bhs dasouss 1n oaptivlﬁy, hut naﬁurnl inroetion
;- unknown,

==

4. #he Oomtion’ Queil:--sccording o' Tyzzer wnd io !
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in this bird slswo. Tyeser stated that phesssnts show greet
punbers of Heterekis, but he hes sever been sble to groduce
dleekhesd in turkeys by feeding the Heterskis sggs froa the
pheasant, lNeither hes he been sble to produce cerriers ii
helf-grown phessunts by rectel inocculation of infected -
¢issue, Cecel materisl collected from phessuats end Lnoou-
1sted per rectum into young Surkeys hes slwsys falled to.
{nfect the latter. IPbeassnts are souewhet resistant to
Bleokhesd infection.

9. '*’m untml'--»ﬁrsyl}ill !1925} ntatua thﬂ thﬂ
dl.uaso ogours eeuaaionauy .’m this um. mounuem {1930)
Meropuua two goatwl whion naa premmably bscm mrutoﬁ
fron runanlng wun » nack at tnrmgs. ch unam eacul
snd lim 1nim t:;;toal of ratal E:laekhom!-

© 108, ' Msumelsi--A¢oording to Tyzser and PFabyen (1920)
rabbits, goines pigs, afece and Jepeness waltsing mice are
16t susesptible to inoeulation with the orgenisas. itils
unly that =il mameals spe resistant o Histomonissls.

ﬁo-@mn g 5 ;g;

 Bistosonss melengridis ie wnablée to survive more.
than & fow hours cutside the Avisn host.  This was rirst
deabnbtrated by Tyaser asd Colller (1925):° They etated’.:
that "the protozoon is d4lscharged in e form that &s imeapa-
Ble of surviving long outside the body but whieh may -~

stm*zvm, oF




produce the infection if imsediately ingested.”

yszer et. el. (1921) reported that jilstomonss ..
Geleagridis as found in turkey liver iesioas, survive for
8t least 4 days at 57 C., deteriorates wore repidly et. 22°
C.p end 1s lzmedlately destroyed by. freezing. . Iyazzer and
Golller (1925) reported the infectivity of Alstomonss was,
from ons to five days at room temperature, "Liver lesloms :
kept for 2, houre at room temperaturs were administersd to
&, SOrkeys, by, gouth end Dby, pposum, .. Ganplas of (Lpe( Seee)
saterlsl were given sfter an interval of j.to 5 days e,
roo@ temperature o 2 other Surkeys. Hone of the 6 turkeys
beosme infected.. The infeobivity of this. strainm, of Histo-
mones, when fresh wes not detersined, but amsterlisl wes .. ..
obtsined from acute cases of Bleckhead indionting that
strain wes potent when trgph..'!y.&‘.ysnt. ¢l9323 .-,pmﬁoth'rl s8d
later r-porna that_ very. xrrogular run;ba follow sttempis,
to tranuit m inrcetina by teedling droppings from infec-
ted birde. Oraybill end Zmith, (1920), Kiimi (1937) end..
others fasiled to produce Blackhead by .gpydig\‘aaqyagnﬂ;\_i,;,,
soateining free Bistomonsds,  This indlcates, ihat sus-, .
ceptible. htrda wnﬁnot Bleckhesd onl:Jutu by muutm
droppings conteining the parssites,  These investigations
ipdicste that the ¢ecal wors probably plays an importsat.
role in the. syznd and pmtnuon of Hlstomoniasis under
:uld oonduxous m that the imulon of Histomonads
unprotected by cecsl wora sggs mey be of little etlologleel




importence.

Graybill (1921) steted that "infectious soil that
hed remsined unoccupied for a period of five months begin-
ning ia the depth of claovcr- winter still harbored viable'
ove of Heterskis and proved highly dangerous to young
poults.” Four heslthy turkeys whieh he placed in the yard
contracted Blaokheed within 28 deys. Tyzzer (1934) reported
that Histomonas in Heteraekis eggs survive New Englend win-
ters in the soil., Acocording to Van Zs end Olney (1934)
birds placed in Nebraske poultry yerds that hed not been
used from November to June scquired Bleckhead, showing that
the parasites hed remained viable over the winter months,
Niimi (1937) stated thet Histomonas may survive in the worm
eggs longsr than one yesr,

Farr (1956) reported that Histomones meleagridis end
eggs of Heterekis gsllinerus (1. gellimee) contained im the

feces on the soil in four outdoor experimentsl plots at
Beltsville, Marylend, were ntill infeotlve after 66 weeks,
Yerr (1961) further determined the length of time of Histo-
sonss melesgridis and the eggs of other nemstodes which can
remain infective outdoors on soil. Histomonas melesgridis
wes recovered from experimentsl poults fed meteriel that
hed been on the soil for es long es 150.8 and 148.8 weeks
and that ggggggggg,gaiggggggg eggs produced infection
through 229.8 and 210.5 weeks. ' ‘

The results of these investigations iandiocated that




(1948) pointed out that the poults were. ot immediately
effected by exposure to Histomonss at 3, 10 and 17 days of
ege. - In the wmajority of cases the fatsl infeetion was ot
inltisted until the birds were alout 3 weeks old. - Desowitz
(1951) 4noculated chiciens of various sges per rectum with -
8 suspension of liver and ceosl material frow s turkey
sffected with Histomoniasis. It was found that suscepti~ .-
bility to infection was dependent upon the age of the
recipients,  The highest morsslity (71 percent) cocurred in
8 group of birds 21 days old. The loweat {30 percent) in e
group 34 days old, . This resistance aight take the form .
sither -of an sctual barrier to invesion by She orgeniam or.
$n-ineresded resistance to the clinloal 4issese, Kendell
(1957) indicetad that there 'is no significant difference in
susceptiblility referadls to ags whether chdllengzed experi-
mentally by rectal inoculation of = suspension of Histo-
sonads or the ingestion of ‘the embryonated eges of - - ..
It is generelly reécognized that turkeys surviving
Blasokhead are resistent to further attecks although Hinshaw
{1943) mentions the possibility of relapses during the.
breeding sesson. Swales and Frank-(1948) kept smell flooks
of recovered birds on contasinsted solil.  They.remsined: ..
healthy elthough the uninfeoted birds.from:the same lots.
that were isoleted on wire, retained high susceptibility:
for at least ten months, They fursher polnted out-that in
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spite of contact with lafeotive meteriel, the: poults . .
exposed at a non-susceptible ege did not ecguire a low
grede infeotlion cspable of immunizing them against fatal
Bleckheed in lster life, suggesting that. the lhost-perasite
balence wes not established, Kendall {(1957) slso confirmed
thet resistence to reinfection cen arise by previously.
infected birds and that resistant birds mey herbor a latent
infection. . A 24 veopebis Lnfeetisg Ry

‘ - Tyzzer (1934) was sble to elteraste the virulenge of
& strain of Histomonss. This was used successfully under .
experimental conditions to protect turkeys against virulent
strains., Thus it sppesrs that immunity can be developed as
the result of e non-fatal form of the disesse or of the.
invesion of e virulent strain of iHistomonss melesgridis.
Tyzzer's work suggested thet it was essentlal to inoculete.
birds when young and that there wes a need for constant
reinfection in order to malatein the state of premunition
which was appereatiy the ceriterion of resistence, ..

. The development of ek ecquired resistesnce wes
scoepted by some lester workers, Sautter, romeroy end
Roepke {1950) tested the effect of blood from immunized
turkeys in preventing ioss from Histomonlasis., By contrast
WUsletzky (1950) considered thet there was no certeinty thet
recovered birds, either with or witbout the help of drugs
become immune to infection., Swales (1950} suggested that
birds treated in the later stages of the disease or those .
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treated in such & way that disease’ processes in the ceca

ware not oompletely suppressed, ‘were'resistant when' = -
ehallenged., \

' Lund (1956) reported that the Lngestioh’of Unproé-
tected Elstomoneds established infootibns ih®absut” hale of
the poults so exposed. 'Up to6'20 peraent of ‘the birds so
infectoed showed pathologiesl chanpes charaoteristic of
Histomonissis. "/ bird heving Heterakis infestion”1f ziven
unprotected Histomonads is more 1lable’té odhe down with
Blackhesd than the unparesitized bird.  Ingestion of Histo-
aoneds slong with 8olids or materials requiring digestion
apparently reduced the intbetivity of the organisms.
Dilute suspensions or Histomonads in seline prohably are
reteined ‘in the glzzerd for a considersbly shorter time =
than are heavy suspensions, or other substehoes susceptible
to digestion, Lhe Large four- BLiabe ToF

Horton-S8aith and Long {1955) predented evidence
whioh indicetes that the low pH of the glsgard of ochiskens
is detriments) to unprotected Histozonads, The seme is
probably true for turkeys, 'Histomonads contained fn
extremely fluld cecel dischapges, probably céuld ressin-
infective for a time, espeeiaslly if wolded fa puﬁalhs i
water or in waterers. = 1 YRELE

Welter (1960) determined whether various atroan ‘oon~
ditions (atervat!on, axpa;ﬂro te teﬁporaturb thruuea,_ |

nnt-&-. eaaeiaia 1n£cetion, fowl pox vucoination, oortlsaae
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Anjection, splensctomy) would mlter the disesse or sortality
in ohlokens end turkeys, infeoted with Histosonss meles-
gridis. He found that starvation of chickens suffering
with Histomonissis did not inoreese the severity of the
disease, OStarved turkeys showed e higher imoidence of
liver lesions than 414 unsterved turkeys; however both
groupe of turkeys suffered similar nnrtnlisy'loatcl.
Anemie, exposure to temperature extremes, ccceldie infec-
tion, fowl pox vecoination, sortisone injeotion snd
splenectomy hes no significent effect upon NHistomonlesis -
in turkeys end ohickens. = “

L1rE oYCLE IN_HgbﬁfIQQ_é%:ﬁéfﬁBéLlféﬁﬁﬁﬁiS$I§ﬁl-rw
~ ‘Reproduction of Histomonss melesgridis is by Binary
fission. There 1s po evidence of a sexusl oydle,  Wenrleh
(1943) considered the large four-flagellate forms in the
¢sca to be edult., There are no cysts and the naked
trophozolites sre dsliocete. They do not survive more thsn
@ few hours when passed in the fsces. Ve Fiad i
‘Turkey osn be infeoted by ingesting trophozolités in
infsotive wmaterial but the most importsnt mode of trans-
sission 1s in the eggs of the cecel wordis--Heterakis gsl-
linge. Its discovery by Smith and Oraybill (1920) was s
milestone in the history of Ferasitology. In his first
sxperiment two turkeys wers fed Ceces of sdult tul¥eys and
cultures of embryonated Heterakis ova from chlckens, The
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Hoterukis ove were keps.in pesrl dlshes ia normel saiine ..
solution for 17 .deys. Both infected turksys bepsme sick .-
fifteen dsye after dosing with the ove snd bosh-died within
8 WeGK. .- In apother experiment an overdose of Haterakis
eges whioh were pleced-in 0.5 percsnt solution of bichlore
ide of sercury for 30 sseeonds, eslso produced Blaskhead . | .
icfectioa., . ge i the Tallure 4 SonIbrsse Lhe
This method of transsission wes. lster confirmed by.
@any worksrs, Tyszer and Fabyan (1922).proved thet the ..
ovus of Heterskis mey sotually hsrbor Histomonss, Hetere-
kls msterial treated for three deys with 1.5 pereent nitrie
goid whiok rendered the mediusm becteriologleslly aterile;
was proved cspeble of transmitting Slackhesd when fod to
incubsteor bhatehed turkeys.. -The discharges of Bleckhead
gerriers free from esbryonated eggs will not transmit the
diseese after treatment with 1,5 percent nitrie scid .. .
(Tyszer 1926}, y a¥ioloxies) edeves .
(enerslly the nematodes gre not predest in the.eece
during the scute stage of Blackhesd. Fallure to.find the ..
voras is enormous anusber in.the cec= after the eve:were.
fed, 4oes mot necesserily imdicete thet the worm: hed no: .
pole in tremsmission., Tyzzer and Fabyen (1922) found evi-
dence thet the worma sre destroyed in the disessed eeca,
. bund end Burtper (1957) found thet lees.then 0.5,
pereent of esbryonsted egzge froa experimentally. fafected
ohiekens ecnteined the protosoa. The Heterekis eapgs nust
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hetch and liberste larvae in order to trensmit the protozoa.
Fesding unembryonsted eggs &hd mele Heterakis will not pro-
duce the infection. The dlsease follows the feeding of the
eabryonated epggs more often when they are pooled from &
nusber of different birds,

The weak link in the chain of circumstences inorimi-
nating Heterakis egzs is the fellure to demonstrete the
~protozos inside their membrane, The proof of their exist-
ence in s stage of a parasite, would establish the nematode
as a true invertebrate intermediete host,

‘ Tyzzer (1925) found the protozos in a half grown:
Heterskis from birds with Histomonss and egein in 1934 in
the cells of the intestinal wall of ten, twelve and twenty-
one days old wors from experimentally infected birds,
Swales (1948) demonstrated the transaission of Histomonas
in Heterakis lervee mechsnieally separated from Heterakis
egze and showed that the etiologicel mlero-orgenism is .
present within infective larvee. Connell (1950} observed
refrectile swellings in the cuticle of hatohed second stege
lervee of Heterskis gellinse, which he attributed to the
presence of Histomonss, perhaps in the procesa of becoming
eapable of initisting Blackhesd in & sultable host. Deso-
witz (1050) exemined fomele Heterakis gellinee recovered
from the turkeys dying of Histomoniassis. "In ome, of 100
examined, he found smell intraceiluler parasites in the
epithelium of e gut, dut he 4ia not consider himself
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Justified in identifying these parusites es developwens . ..
forms of Histomguas meleegpidd®.: pldie nut sise provides .
1o Hendell (1959) found Histomones in a four-day old
§. gellinae larvee. The parssite wes smaller then Histo-
gones melesgridis seen in the tissue, but in other respects

were identicsl. He further suggested that dAlfficulty
sxperienced An finding the protozoon 4n its veotor may . 'v
possibly be explasined in the sssunption that the rete of
infeotion of the egga of Haterskis {(snd henee of the young
larvae) is vary low, JFerhaps infected eggs do not greatiy
exceed the ratio of I in 1,000 {Kendall 1957) as 1,000 eggs
wers normsally necessary in order to set up iafeastion with
Histomonas in turkey poulte. ¢ suioaliy beolward and
' Another fsotor in the transmission of Blackhead dn

asture is the length of time the Haterskis egss harbor the
viable protomoon.. Farr (1956 end 1961} recovered both. -
Heterakis larvae and Histomonas from experiumental turkeys
and chickena fed materisl that hed remeined on soll oute .o
doors {(in Merylesd) for 149 to 151 wesks 1.e. approximately
irsegears. of ;eriodtalile sovanels, Forsanse tiag a9l

.. %0 it can be daid that Blaokhead of surikeya le the
first disess¢ found to haeve a helminth intermedinte host,
%Yhen the embryonated ova hateh in the elimentary tract of
the turkeys, the young worm lervae /penetrate the apithelium
of the Gecal glands cerrying their liistomonade with them
where they ere deposited in a site fevorable for their
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establishment. The worm thus not only serves as the inter-

sediete host for Histomonas melesgridis but elso provides e
portal of entry by demeging tissue,

HISTOLOGY
— Zeitehmann (1911) end Looper and Looper (1929) mede
the most complete studies of the turkey ceca. The ceca
sppesr as & palr of long blind-ended tubes whioh open into
t@n large intestine immediastely behind the snnulsr thicken-
ing whioh seperates 1t from the small intestine. The cecs
erise well forwerd neer the lest dorsel vertebra and fol-
lowing the small intestine curve ventrally backward and
finally bend forward to end blisdly. The length varles
from 17 to 25 em. in & 5 months old turkey. The ceca of
the turkey are much thioker welled end more highly devel-
oped than those of common fowl and heve an important
physiological function. It is essumed thaet the filling es
well as the discharge 1a periodical snd is acocomplished by
the reversal of peristaltic movement. Fermentetion evi-
dently oocours normelly in these organs since conslderable
ges is ususlly pressnt,

‘Bittner (1924) and Otte (1928) divided the cesa into
three parts, e neck with many viill, @ middle portion with
few villi, and the vesciculer blind end which is thin
walled and free from villi,
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-The cecn contaln four layers neamely serous; muscular;
gubmucous; and auoous. The wucous membrane is lined with
¢olumner epithelium, contsining gleblet ocells, and vilil of
verying lengths depending on the region. The submugous
leyer containe white fibrous and yellow elsstic tissue con-
taining nerves, blood vessels, snd lymph plexusss. The
lemine muscularis varies in thicknoss and arrengement. The
gerous layer is rich in nerve elements,

In the proximsl portion there aere prominent villl,
The musouleris mucoss apd subsucosa sre in thin layers and
are orowded close to the base of the villl, The lesina
unnuularis is merked by e thin inner cirouler laysr anﬂ 8
thin outer lonaituﬂinal lgyer. Uo 1ymghoiﬁ tissue was
observed iz the section of a 36 hour chick by Galhoun
- (1954) but after 5 months she found a mass of lymphold tis-
‘sue with several nodules. T ah Y '

in tha mi&-portian the villi are shorter and broader.,
in the oousurlabma part of tha mi&-portion, tha villi are
longer, the muscles thieker, snd the whole circusference
smaller then in the dlelsted parulon of e oarraapoaﬁing
level, Flicse airoularaa are praaent st uhis lsval.
L@nphoid tissue baeaaa wore prominent with adranaod ago.j'
Near the bliind end ar the cede of thn 36 hour ohiok the
inner uu-eulur end outcr 1osgitndinsl nuuular 1uars are
nearly the ssme width. Trua villi end lyaphoiﬁ tissue are
not present in this sres. Goblm esl.lu are pruonﬁ !.n t.he
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epithelium,

In the distel portion of the ceca of @ 20 day chlck,
the inper ciroulsr muscle increassed to about three times
the width of the lonzitudinel ‘muscle, The surfece of the
pucous membrane approsches s villi-like errangesent between
the plicee olrcularss, Ooblet oells end lymphold tissue
are slso present. In older birds so called tonsils oom- '
posed ohiefly of lyaphold tigsue are present in esch cecum
peer its junction with the intestine. ' |

Tho nioroneoptc an-tuns or thn 11vtr of turk.y hna
been discussed by Calhoun (195#) The nm is @ two
1ohad org-n iying po:turior to the rudtmentury dlaphral.
Itn pontorior borders aro quiea nobioeably notohud. T@I“.
snll bledder is located on its viso-ral surtaoe, qnd from
it & duotus oysticns oarriol sho bile to zhe duoﬁanua,
Uhilt a second duct, the duotus hopatious. connn alrcetly-r
from thn left liver lobe end empties into the duodenum in
close proximity to the first.

¥he 1ivers of birds dlffer & little fros that of
manmels. The interlobuler gepte are probably less apperent
than those of the dowmesticated snimsals. The portel canal
contains the portal veln, lymph vessel, hepatioc ertery and
bile Aucts. The interiobuler veins ere notv promiaent.:

. The central veins ere aistinguished by the promi-
nent sinusoids which entered them end they sre lined with
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8 thin endothelial mewbrane. - The sinusoids are also lined
with endothelial celis, Kupffer ceils are distinmet., - '

. The liver epithelium is arrapged in a thbule of
four to seven eelis about sn intrelobular bile eapiilery.
This tubuler arrengement is well marked in # cross sectien
and lnP!&rﬁd.Plniﬂrlixtq;nalpngituniailvptqtlﬁg;-,Thnslivof
eoll with 1ts distinet nucleus is e pyrsmidel.cell-with its
apox bordering the lumen of the tubule,

flentic tissue is confinsd to the walls of the blood
via:ola, to the oonnoctlve tiaaue aupta snrrounding thau,
and to the capnulo of Glioaan aurraunding She livur.l White
ﬂbrous tium is diltribuud similarly. ¥ '

' Tho llvur aolls aro supyoruod by a aash.work or
reticular tiasua. Tho tat oolls aooroaso until tho twonty-
firlt day. The rat globulon ara oonrinnd to a tmnll uran
sbout the central veins and arter the twanty-rirth day,
‘ocoesional fat drOpleﬁs‘aro round seattc;gd thrpughpu§\the

liver.

8pleen . réubular ceolls ere slso presm
.« 'The spleen 1s .s somewhat elongated spheriesl organ
zg turkeys, JIte histology hes been recently described by
Kalewitz end Celhoun (1558}, .4 thin aspsule of comnsotive-
tissue, smooth musele and oogssinnal eleatioe fibers sur-
rounds the spleen. Tr.huulu ware not prominent,  The

eapsule was covered by a thim serdeas .oiiln. cuboifal
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- The parenchymas of the spleen consists ‘of a reticuler
network with numerous smell olrocumsorived white pulp eress
surrounded by ereas of red pulp. Severel (2-4) ocontral
arteries sre present within the white pulp whiech consists
chiefly of lymphooytes. The surrounding red pulp is coa~
posed of numerous sosinophiliec cells, mecrophages, and
intermingled lysphooytes. Sinusoid elso oonteins red blood
cells in the red pulp.

Eldney

Malewitz and Celhoun (1956) desoribed the histology
of the kidney and they stated that the lobed kidney is
covered by an extremely thin connesctive tissue cepsule,

end covered by serosa on the peritonssl side. The lobes,

in turn, are semilobulated, Zach kidney lobule gonsiasts of

en outer cortical snd inner medullary erea. tar radiate
and per convolute ere not apparsent.

The cortex conteined typical malphigian or renal
scorpuscles and the proximel and distel convoluted tubules.
Maculae densse and intertubular cells ere also present.
Collecting tubules (straight tubules) ere present in the
medulls end converged to form the duets of Beiline near
the ureter. The proximal convoluted tubules ere cheracter-
ized by eosinophilio cubolidal oells, & brush border, a
central nucleus and & smsll lumen., The dlstel convoluted
tubule has & wide lumen lined by pale ataining cubolidal
cells without a brush border. The collecting tubules are
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lined with cuboidal cells.

the duota of Bellini.
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CHAPTER III
MATERIALS AND MITHOBS. 1 o

ac cals
Haw hattary brood.r - 8 asqt

‘Balanoe for waighlng

S:ringoa, ‘ail glass, l-s ml. oupnciay
Festels end nortora §
Beskers '

In;ubéto§;37° c.

'Liorotoms, Aaarican cptical e

Pipcttol, trunnrcr

Stcining alsbna ’

ﬁicrosuoyc

Bottloa for tissuo

uioroaoopin slides 1 - 3 1nnhas vider

:covcr sllpu 23 x 22 mn.

Thernonator

Cheeasoloth
Chemicels for steining, weshing, ete.. . .
Culture mediss

Menagewent of Turkeye . s o »uisadis doaor fow
411 turkey poults used 4n this study were purchased

from one source, &l birds were of the same age {hatohed
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G Tuae SCA AGEX, WMy, TFeorosls ead cssecus cores
Theue birds were kept in a new battery brooder
heving five decks with wire floors, When 'the turiey poults
were six to elght weeks of sge they Were placsd ia wire
cages, whleh were ateam gleanad, sl GSNiELtE wvebe
Uommerdial poult féed wes fed at ‘all times. In'vhe
dally cere of such birds the fecders and watersrs were
fiiled twise s day cnd the pans were oleaned with hot waber
daily. Particular csre was taken to evold taking anything
from one pen to enother.  The same feeders and waterers
were used for a partisular group of experimental poults.
The dropping pans wére coversd with newspapers and: these
fewapapers neving droppings on them, were rémoved two times
a au {morning end evening).. niek [&omaza) liver:
'Allequipment” taken imtc this room were thoroughly
cleaned snd aisinfected. "Hands wers washed before taking
care of these birds aend a separate laboratory coat was.
kept in this room whioh wes worn while perforaing the -
lﬂ&.lialr’duﬁiti.—-!ﬂnwﬁilpiiltnzt-ot the automatic battery

brooder was kept constant,

Chloks five weeks of ‘ege showing typlcal symptoms

of Eistomoniesis were seleoted a8 a suitable donor for -
thése experiments. :These birds were killed. The liver
showed only a few early l1esions of Histomonlasie, The




oeoa were greatly enlarged. Necrosis and caseous cores
were presebti: oupsrizeats that were enudusted eoceernicg

(e L The livers, cece, and their eontents wepe réemoved "
asoptically from the ohleks,  Speoifie amounts were: welghed
on. @ belsnoe. The liver, cece end cecal contents were
placed seperately in sterile amorters eand was out up into
smsll pleces with the eid of sclesors,'  Thé meteriel wes -
then macerated with washed sterile white send, snd e sus~-
pension wes prepered with normal saline solution. The
suspensions were then 9:0.:06 through several layers of
gauze into baaké;;; y thin meana lnrge rragalntc of
tissue and dehria wara alininated. ?nn 1nraet1vo nate;
riels were .xatlned ror Hietoaonads buroro 1nocu1gt1ng
into the o:perimenttx poulto.] The oniok (aonorasciivora
wers also ocultured on nulltons ager for the presehce or
sbsence of baoteria.' Emeae 1ntor prevod negative. ek
For uhol. blood inoonlation exparlunnts, th; don;r
birds woro saleataa on tho aamo baaia aa above, Lapro-

e 1i 1
tomies were parrormeﬁ on sncuthntxaad aonor hirda. Thair

8.

iivers :hosca carly laaionu ot ﬂisbonoainnis. Vurioun

amounts of whole blaod wero wihhdrnwn rram the pautorior

&Aoo

mesentric, caoul und hopntie veina 1nto nterilo uyr&ngas

eontaining hspuxin.- Bloea lnnara were naéa bnrora thon-
blood samples were inoculated into thelexperimental poults

snd all appesrsd negasive, os .t & thelr contents - oaa

araEg.,




dethod: : ul

Various experiments that were conducted concerning
the transmission of Histomonissis were mainly divided into
six groups for the pﬁrpoho'or discussion, The affected
internal orgens were used in five groups end in the last
group whole bload'wan utilized for the transmission of
Histomoniasis., Ixposures were sccomplished using the fol-
lowing routest :

Group A: Oral Inoanintion

1. The inoculum by wey of amouth into the
oesophagus,

e, Cece with their contents -~ two grams,
b, Liver - two graums,

6. Liver and ceca with their contents -
two grams,

2. The inoeculum by way of mouth into the
i glezeard.

a. Cece with their contents - three grsums,

b. Liver - three grams.,
Group B: Rectal Inoculation
1. The inooulum by way of rectum into the cece.
a. Ceoa with their contents - two grams,
b, Liver - two zreums,

o, Liver and ceos with their contents -
two grams,

Group C: Combined oril‘ind rectal 1naou1atioﬁ.

1. Liver and ocecs -1th thelir aontonts - ona
gram to each areas. _




Lol group D Suboutsneous Inoeulation '’ »i o0 TarneLs

conlouy, Liver and ceod with their contents -~ two
gruua

- ] 3 3 ]
6‘ f "
¥ 3 'y -t gt

‘Oroup i.‘ Intrsnuloular Incoulation
' ‘;,' eoou - one gran.‘ '
3; lecr - one gras.
_ 3, Livcr and ceca ~ ons gram.‘.l
¥ Groqp r: Hholo Blooa Inaoulution I

R Blood 1njaotod 1nto the liver through body
_well ~ 0.2 ml,

él”faxooa injoctod 1nso uing voin - 0 2 al.

l

“In oral inoetlations, the inoculus was adainistered
once only, using sn ell glass syringe with an'attached long
sannula, 4 long rirm tube’of pera rubber’wes used for: -
inooulating into the gizserd. The sane type of glase’ o
syringe with e long caffiule was also utilized for reatal
and combined orel snd rectal inceulaetion.  In all types of
peotal incculation, the bird was suspended dy the feet with
the hoad down, to-permit the inoculum to enter the ceca.
The 1ips of tho tonﬁ of each bird wes preasad together
following oioh aunh innculation.' doat o: the poults
retoinsd all of the’ 1noon1ua. ' :

in insranantulnr 1no¢ulntlona tho sunpoauton wes

“_».' .

injeoted 1nte sht yoé!ornl nutulon nr tho blra nslng an
8ll glass nyringo ua a hypoaomio neodln. ’-;n lubchtanooun
inooulation, the tuip.nnian of the diseased argnnl ‘were
injected through the laeln unfeathered skin of tnt
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abdominal area. Gart wan exercised to afolﬂ*bloai»flﬁiﬁlﬁ
and musclos thut nra,:unc boneuth the skin. . xﬁz ,uﬂ

ia wholt b&oaﬂ innoulntion, the hlooahvan,lnsqated
into the wtns vo&n'pith ansiatptle proeautionng ?hs intra-
hopabio 1nooulation ot blcod waa dano throngh the body
wall. 17 264t ‘ .

All 1hoouiéiiéhstwoéo déhéiihiiéiiééiy a}%;rihs-

preperations of the suapanaiona. posnp & 54e "’Q-;rﬂ bk @,

Methods of Frepsr gg Tissue for Beotianing and Stnina
All czpoaaa birda, 1noluﬂ1ng aontroln Iqro noorép- :

sled snd the suspeoted tissue was flixed in 10 perueat
formelin solution, - After fixstion, the tissue wes washed
in running vator. It was. dthduesud in sssending grsde of
sloohol and was olearod ln ohlorotorn xylenn, embedded in
pareffin end acetioaa of the tis-Lo ware out ut a thickness
of 6 to 10 n&eron:. hountad uaotions ware all nteinud wi%h
aqa;toxyllncoain, and - anpliettg ssations were e

using Azure-sosdn. oo L

ﬁ; Bonato:ylinp and Bosin aathod
1. xylnno to remove pararrin " 3=-5 minutes

2...4ylepe (blot exceas) / .. 3-5 minutes
3. Alcohol 95$ 3-5 minutes
4. ~4loohol g cole5 pinutes
§. Aleohol 70% (blot ozcaal) 3-5 minutes
6. Running tap water ©. 4. ©3-5 minutes
7. Hematoxylin stain 3-5 minutes
8.  Ruanipg tap weter $ a2, 3-5 minutes
. Acid aloohol Hoooloriaer Dip
10, Runaing tap water o ac, 3-5 minutes
1l. BEosin stains 8-10 minutes

12, Running tap water Dip bdbriefly




13.
k.

16.
17.
18.
19.
20.
Foruula
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Aleohol B80% Dip briefly
Aloohol 95% R 1 Dlp briefly
Aloohol 95% 1-3 minutes
Alcohol asbsolute Dip briefiy
Alcohol absolute .. 3-5 miputes
iylene 3-5 minutes
Aylene 10=30 minutes
dounted in technlcon

of Hematoxylin and aosin Stain-

Bouatoxylin: Dintillad watar 300 ul.
© won. Hematoxylim oo o logmeo
AmmOninm aluu 1n 100 m1l. of
3! - - water - L4 @i.
Thymol oryatalt
‘Ripen for 30-45 days

Eosin: ~» ‘Glacisl scetio ecid 2% 7.4 ec.
ania Y in 1000 ec. of 955
52 3 aleohol - 10 gus.

B, Azuranzoain Lathod*

Ea
2,

.3.
be

5.

‘_ A:nra-uouin Stnin'

’Eountod 1n tﬁohnicon.""

farartin sections to water 13141 Ls saﬁa as
in H & fostalin.:

“Asure-kosin staln - one hour..
‘Dehydrated in scetone (23 changes ).
Clesr in e 50:50 scetone xylene mixture and

two ehnngol of xylenae.

azure & 0. zﬁ '." ' L oo. -
xoain B O. lﬁ | ': ik _ﬁ‘cé;‘ |

|

' citrio Aoid ﬂ/la i ce.
Diaodlun yhnsphute V/& l_“O 81 oo. ”
ﬁootono o. P. 3 uss oa. B A

Distilled water 25 oc.
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CHAPTER IV
EXPERIMENTAL PROCEDURZ AND RESULTS
I. ORAL INOCULATIONS

A totel of 17 poults 16 to 40 days of age were used
in this agrio_a_. of exposures, ~The inopﬁm was ‘1ntrcfdn§gd _
by way of mouth into the oamphagﬁu usingz en all giﬁnq
syringe to which was etteched & 15 g. eennuls 3 inokes in
length. Six poults 16 days old were dosed; one half with
2 grems of diseased liver each, the remslning three in &
like manner with cece.end their conteats. One bird of esoh
group was killed et 7, 14, and 21 days. Cross and aioro-
soopic examinstion felled to reveasl sywptoms or lesions of
the disease. Fitt.pohlti.zs dayes or‘ago ware expoasd by
dosing. Two grams esch of liver, ceca snd their contents
were sdministered to eamch bird. Ais before one beultiiha
killed 7 days post Amodulation and enother st.lh deys.
The remeining 3 poults died before the 18th day post inoou~
letion. All 5 birds were typlcsl of Histomoniesis. The
incubstion period was 7. o i days. (Tsble 1IL). -

8ix poults 40 days 0ld were dosed by way of mouth
into the gizzard (ventrioculus) by meens of a long pars
rubber cannule atteached to a gless syringe., Three poults
received 3 grams esoh of diseesed liver. The remsining 3

e like smount of ceca and thelr contents. One poult
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o0 TABLE 11X

“The effect of dosing poults (imto the oesophagus)
with two grems of tissues costaining Histomoneds.:,

o ARSWRSD . ... . Posbr. ..Bleok- ,
foult  exposed ' Ixposure hesd '
B0, . . Days . Inooulus Deys. . - Leslons . Hewsrks,
638 “18 " "Cetos'k Contents =~ 7 "° “Home " Killed
603° 16" ".cets B'Contents - 14 7 T Nome” = Killed
601 16" " ""Cesa & Contents 21 None Killed
615 U168 TR L ver 0 e & “None” “Kiiled
608 C1é Liver b 9 None Xilled
606 .16 |,  Liver 21 Hone Eilled
627 25 Liver, Ceos & - |

& o Contents - - v Ceoa- Fillead
648 25" Liver, Ceca & t FERSEPS Vet
Contents . 14 . Cega & =
3 R Lusreas “Liver Killba"
637 25 Liver, Ceca‘’s 15 ' ‘Ceca &' " -
Contents Liver Dled
629 25 07" Liver, 'Ceca's ' 16 Ceca &
- Contents,k . sdyer Died
6- ‘ 2 iiver, Cecs & 'y Cece &
3" sive 57 Oontents - SEREETEiver Dled
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receiving liver died of Histomoniesis on the 12th dey. The
remaining two were killed on the 7tk and 21st days post
inoculstion. Both were normal. Two of three poults that
received ceca end uau caasontn a-nlopoa ahtmon!.uh.
One aied on tu HML hy m um was. uuu ewtho 78& day.
The remsining poult killed on the 2lst day was normel, The
inoubation peflod in this group was 7-13 aeys, " (Table 1?)

Six" uninoculated poults served as controls. ‘They
were killed =t 7, 14, end 2k deys, 7Histomonieslie either
gross or microscopic was not present. i

The nioroscoyle and naorosoopio tindingn wara as
follows: | ' =

!m Ho, 627 (&m__z._ez- post 4a00uletignd.: |
This hl.rd was droopy. It sppeared weak amwhat

dro'uy and stood with lowered hesd and ruffled foathers,
Its appetite wes poor. An incressed desire for water was
observed, The droppings were watery., (Fig. 1 and ls).

Qeca: Both cece were enlarged and small pin point

sbsocesses were present. Nioroscopic examination revesled
extensive hypersemis, swelling end lnoreesed thiockness of
the muocous and submuoous leyer of the tissue., Detachment
of the mucous membrane at the villus tip was well marked,
The mucous membrane wes also loosened from the underlying
tissue snd this deteschment appeared to be essoclated with

a pink homogeneous transudate, There was polymorphonuclear
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inriltratioa snd in some ereas on;,1agg.qgu-_,§n,§ht_.;.z-pnoia
cells.. Ciroular musole fibers were stresiked with remstive
cells betwsen their bundles.  The capiliaries in the. .
lemipns propris were engorged. Assoclsted with the inflame-
ntory resotion in the submucous tisaue were awagation

of protosua uhi.eh aypoarod to be Hlatomonaﬂa.

&L&ts Bo ;ui@n;vn,nt'usntp@n. gross ﬂ;@ﬂi&-ﬂ% s as
Mierosgopicslly oloudy swelling and ceplllery congestion.
was preseat. There were s few foel of small round oell
and polymorphonuclesr infllitration close %o the bipod

veasels, 4 few cells were desquamated, .

Eidney: HNormel.

The bird was emseisted. Its eyes were clossd. The
wingu and tail aroop-d. 4 sulphur-colored diarrhoea was

- -

in svidence.

Goos: Both were enlarged. “aneir walls were thickened.
The contents were seni-g8s8ous. Histologically it was
evident that the process of 1nflmat-!.on uwolv-ﬂ all the
tissue la.n:u of the ocecn, Protozos were comuon hn'ri.ng
aeldophilio oytoplm an& with well defined aeeont.rle
nuolei. GSome of them were }.y.lng togathor 1a so called
*n;bts. - The nornal mmeuli’hrc \ns nluo:t lost, The

¥
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villi were @esguameted, There was capillery congestion
tiroughout with baemorrhage in sous areas, Folymorpho-

puclear leucooytes and lymphoaytas wers common neexr the
aeraun leyex.

Liver: The surface of the liver was covered with somewhat
spheriocel depressed aress of necrosis up to a centineter
in dismeter. Histologloally there were numerous areas of
round cell imrileretion, more common near the portsl veln,
capllleries, and bi].a ﬂuotn. Wi&esproad uecrosis ot the
hopttic parcnehyma with 111-&;1’1113& mnrgina vas pr-doni-
nant.' There was en nrogular diatribntion or palyuarpha-
nuclear leucocytes uith sllsht haamrrhago. ‘I’hs protozoa
wes plentitul and in a rw placas "nesta" 1ay 1.n oleur

areas,

Eidmey: No sross lesion wes present, ipperently normsal

on mioroscopie sxeminetion.
Spleen: No noticesble change,’

rd lo. 6 D ed 15 da | ost lnooulation).

Bird No, 634 (Dled 17 deys ‘post inooulstion).

All three birds dled of Histomoniasis. Freviously
they showed typlcel symptoms of the disedse. “THe histoa
3na. ot less the seme in all
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three poults. ' (Flg. @)gted and the L8 emmator;

m_.p_a‘ ' Both cocanregrutly enlarged 2-3 times normal.
The cecel contents were caseous.  There was an sxtending
peritonitis which involved the mesentery. - Histologically
seotion showed no new feature other then previously des~
eribved uo-pt thn "nests"” ot pratoaoa uz'o nore aonman.
(!’15 3). Tlu moul nubuno waa ruptured rolons.'..ng dead

tunuo and mrlmtory c-).ll 1ut.o thi 'ium'n.

Liver: Wumerous lerge sbscessss yellowish to yellowish-
green in color were preseut which closely resenbl 83 those
seen in the netursl diseass. lioroscopie exemination. ... .
revesled extensive aress of necrosis where "nests” of pro-
tozos were coumon. (Pig. 4 'mnd 5). Protozos llke bodies .
were also lpnmt in the hepatic veins, (Pig. 6).

"l

mgy_: No grons 1«5,01: was obasrvud. ﬁhtologiunlly o
few ndmy tuhuln nurc d!.ntm-tnd by nearoau. There was
heemorrhege with = few resctive cells present. ¥rotozoa - .
like bodies were observed in the blood vessels. (Fig. 7).

Spleen: o gross lesion wes observed. iioroscople exeai-
nation raviealle&‘écrtain sphericel bedles having many of
the charseteristics of Histomones. However they were not
nuserous. (Fig. 8). The macrophoges were diffusely die-
tributed throughout the spleen. Irotosoa llke bodles were
slso present in the blood vessels.  (Fig. 9.spd 10). A
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few cells were desguamated snd the inflemmatory reaction
wes purely granulometous.

snd nppmnd wesak, Mr.‘m .1@6'«90 » ul .

Q__p_: Upon gro-s uminntion both eooa uhmvad hypcramlu
m narkod dintoas}.on uith a sught thiuksning ut t.hn
mueosa. nicru-et:pically tho muocmu am! ﬂuhnuoous layara
of the tlssua were dhtorud nitb roacti\m nolln “p.'.
oially ooainopm.s. Thuﬂ uen alao an 1mreau 1n tho
1xnphold oalla. The nusoular 1ayars ahowd looal aggrcga—
tion of these cells. In some pleces the amucous membrane
steined poorly -snd wes detsched from the underlying tissus
due to oedematous fiuld.especially near the tips of villi,
(Pig: 1l). The protozos were present mostly in the mucous

end submucous leyer. The serous layer was normel.

Liver: KNo losion was prulnt on gron uaminntion. ﬁloro—-

looploally eerly ehangu of morosil un preunt. A f"
uall oroas of round onu inﬂltratlon nn seen aloao to '

the blood vuul.a.
xldgg gy: HNormel. :
Spleen: HNormal.

3 o, 60 Died 12 4 o8t inoculation).
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. .Tais bird previously showed typleal sigans and
Sharacteristic uulphnv&ooxortdfavspptnga.é‘ '
__Jgg: Both'eoaa were a:éeotod anﬂ wero enlargea rour timas
lumnnai} The toul lwolli;g oanton&s woaa ouseous. A study
of tis:no neotions showed thiokannd ualln ulth 9 icnlnatnd
struoture in their lumess whioh contained protozoa. (Fig,
12). There was well marked congestion., Widespread infil-
tration of 111 ti-cun laycrs by polyaorpnonuolear leuco=-
aytna und lyuphoeytts nort pros-nt. ;rotozos wers coaann
in all thn tmm lqera. The protozoa oontainad uall
defined ooecntrie nualoi with an aaidophilio sytoplenn..

(Fig. 13).

gé;gg: Largn noerotic yellawlah—grean abauosaal waét & oo
prosont on tho surraon or thﬂ livar ouoh a8 15 seen in‘the
n-turnl dluunac._ Hioroloopiaally tha arohitocturo or tho
liver was lost uzth 1rrogulnr distribution or 9olymorpho-
nnoloar ltuoooytoa and 1ympnoaytes. Thc nnnratlc artna
were rieh 1n protason and ”neats" of thu parasit' wero ot
unaolnon. G&unt callu alao eantainad 9rotoaoa 11&: bodiun.
So-a hs.uorrhaga waa pronont.

8. 'S ._.

Kidney: Ko gross lesion waes present., iioroscopically the
tissue was ressonably noramal.

8Spleen: Normel, = pily thars WOFrs nuAsrous area
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. The bird sppeered to be healthy. qu.‘a_l.ogipy,:ypn
not visible in the interasl orgens. Hloroscdpl_e exaning~
non of the ceoca rweslcd slight hsemorrhage and loesl
ucgrtgatlon of lyuphoid tlinuo in tho mueous laytr. v} gosnd

The bird wes heelthy, . Ho lesions were present.

| The bird wes showlng oheracteristic symptoms of the

disease at thp time ot d-aﬁh. There was emaciation with

sulphur colored droppings.

Geca: [The gsca were enlerged snd their eontants were
gcaseous, - On Mwmopio exanination. all tha tuauq layers
were affected and the lumen was packed with casseocus mate-
riel oontaining loao appannt.ly desd protozoa. iAn inflem-
matory change was seen in t.ha muaonlsr anﬁ serous layer of
the cecs. The mucous and submucous leyers were greatly .
georosed with s heavy. non‘u‘gtxnsion.p:,‘.;xr,qgozog., The epi-
shelial lining was tobslly losb snd .no villi were ,pg_@qg‘nt.
Fhe protozoa conveined granulur eytoplesm with eccentric
nuclel. i one expoted poali o eeod gvoup ‘#ad a

Lives: ‘Wumerous large lesions were observed on’ ihe&ﬁdoupic
exazination. niarouoplonll.y thoro Wwere puserous aress of
noerolh -uu tho pruonno of 1argo protozou ‘with eécentrio
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nucleus. Some protosoe were sngulfed by glent cells. The

necrosis wes irreguler ocourring sesr the hepwtio trisd,
Polymorphonucleer lsucoeytes were few in number.

Kidney: rhnro was an Lneruaso in the size of these argnna.
The microscople ntudy shaucd eongoation and naamorrhago.
The tisnun was :hawlng nsorouia with rew reactive ocells.
The glomeruli were paoknd uith pinkiah untnrlul. ‘Prb-
tozoa liko ho&ics were prusont nesr the nccro:od tiauuo.
(rig. lh). Htoroais was irresulﬁr in neture snd was more

cbnlon near tie blood vessels,
Spleen: HNormel.
Bird Wo, 616 (Killed 21 days post inoculstion).

The bird was healthy. On neoropsy no lesion was

pbserved.

IX. RECTAL INOCULATION

A totdl‘orllé.ponltallé-zs 4ays.§f .g. u@rc utiiisod
for this u.thod._ Three types of luopcnsion, thnt 1:, ceca
with tholr eontontl, livar. snd combinoa liver and ceca
with their contents were used es 1noauluna It waes pro-
posed to kill one exposed poult of esch group énd a ‘control
poult et weekly inmtervals,  All oontrol birds remsined’
healthy throughout the three week period, The infected
poults were observed esch dey for abnormal droppings or

other charaétoristlo signs,

i ns - FEETET
S e s e —— e

ot A i T S T




TABLE V

" phe #ffect of rectal indoulations of two graps of
tissue containing Bistomonads to turkey poults. ...,

Ag,e when Yoate ‘Black-
Poult wexposed - - - exposed head _
No. Days Inoculum Days lLesions Remsrks

611 16 ““oesa’s GoResats” 17 T gasa"™® ““giifed"

612 16" “geca"d contents - “14" " "gacae T

B il aan B 1usess were TUIR wifi ishs

622 16  Ceca & Contents 17  Ceca & ‘

: arial, Klepssospleaily ail of Blvedléauhied’

63z .16 Ceoa &:Contents 17 i Geoa& oo 0 i

‘ . Liver  Dled

§25 " "918"""“cace & Convents "2l “'cesa & W

S anad o Sousibbtes wesviiumarons: tarebiitbitt e Bi0isae.,

620 16  Liver NI Bone Killed

e A0 Live | 13 Cecs &
Liver Dled

TRERES Liver pracenipy & GhgpggtETIevis

610 16 Liver 17  Ceca &

jizsue., Thess Bole more 4F lexs vireulal RAVERE & DEedV

Liver Dled

809 % Is : ;ﬁf.'l!"‘ Pea LI Was 1“5;:-"‘- g ceea& «Hake N

& toe porael Lisans wal dedegen ¥ess 1 l:ivor ns Dieg &y

630 25 Liver, Cecs & ~ Ceoa &

57 aesresie, 2oi0onteuts in the LoyPile UiLiver (URIGled .

633 . .25 ¢

I vk .

613 38

Aiver, Ceoa & ;. .o Loon COcR & ..
Gnntents 9 Liver Died

836" velggTocliy P U080a® 00 1T ONC [gged'® TUUY BT
daca o s oo o, o Gentents.. .. . 8. abiTias s5itEee
639 25  Liver, Geca & xR Ceca &
PEre Dresi Contents 10 Liver Died

643 25 Liver, Ceca & Ceos &
Soutents it iiver  Dled
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Spleen: WNormel.

4 Ho ‘ Klllo 1 da s post 1noou1ntion1.

Tnie bird was praaontins drooping winga and tail
1owored heed, rurrxoa tonthora, and a sulphur colored
ddarrhoea. ~(Fig. 17}.

Cega: Both the cecn were enlarged. The lesions conaisted
of marked inflsmmatory ahangea with ulaoratlon involving

almost ell of the organ. The lumens were pnoke& with semi~
caseous material., Kieroscopicslly ell of the tissue layers
were involved with the paresite, Normal structures of the
villi and muscular layers were completely lost, Folymor-

phonuclesr leusocytes were humerous throughout the section.

vNests” of protozos were also present. (Fig. 18).

Liver: The affected liver presented & chéracterissic
sppeerence with many sress of necrotic and degenerated
tissue. These were more or less cirocular having a yellow-
ish to yellowish-green appearance. On aloroscopic exsmi-
nation widespread congestion was present and at least half
of the normal tissue was demsged showling different degrees
of necrosis, most common in the hepatie trieds. (Fig. 19j.
The size of the protozoa was lerzer then in the ceoce.

Round cell fool and reasotive cells were present near the
central caenal, Oeoasienu; glant cells oontnln!ag_pro;anoa

were present,




“.

Kidney: No groes lesion was present. Microscopic exeml-
setion revealed localized inflltration of polymorphonuclesr
leucoeytes and congestion. ‘Exeminstion of kidney tubdbules
showed degenerative ochanges,

Spleen: Wormal.
Bira o, 622 (Died 17 Saye post Pror - By

Bird Wo, 632 (Died 17 days post inoculation).

411 the three poults showed more' or less the same
chenges of Histomoniesis, The poults were emaciated. A
sulphur solored dlarrhoes tinted the festhers below their
vents. '(Fig. 20). " ' ‘

coéaz. Apart rron thc groal ahanges pravlously deuoribed.
the ceca were grcntly enlarged containing a8 cbaraoteriutie
foul anolllng, yolloulan»grson, oasuoun axudets and a rirm
ohsssy core. rerforating ulcers produced a peritonitis
whioh involved the mesentry, Mioroscoploslly the sectlons
showed no new features except that the.granuler-and non
granular leucoeytes were few in number, “Hests” of proto-
Zoa were more oomaon. The cecel core wes made up of celis,
debris, and pretosou.‘ 1 e

Liv or: oron ohmgn were a:au or 1-:; tho same a8 pre-
viously desoribed. NKioroseopicelly there were extensive
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arees of aotroqln—ulth.ArrnanLar @istribution of reactive
cells. FProtozoa were common, In some arcnu "nasts™ of
such protauo- tlrl'proaant 1u the elaaror a&énl or 17:04

tissuc.

giggg; Mo grosa lgsioa was obuorvod. -#icroseopionlly:
protogoa like bodies were present nesr the necrosed kidney
tubules.,

Mt ‘Heesonably normal.. - :

: In the. second group twe groms: of infected liver sus-
pension were given to:six. ib~dey old turkey poults.. One
poult ezposed for 7 deys showed ao lesions,  The remaining
five poults died of Histomoniasls efter 13.%0.17 deys
exposure. They showed cherseteristic symptoms end lesions,
(Raddosllser 1evar. Intedtinsl vilif wersd &lst

- The ipoubastion period in this group wes between 7
to 13 deys. The following chsnges were observed in sach
PO Cugre showing fibrinous sxud:

7 days post inoculmtion).

;_rg ‘Ho, 620 (gnod '

Th. bird’ waa aﬁptrently bealthy., Leslons were not

present.

Bird No, 04 "(Died 13 deys post exposure).
sion S0 the axlent of the lesione. Wheir sias Yeanged §
gaur

8ird Mo, 609 (I 1 1& days post ggéég"gééiégj;'

} GeLl ,’ " _“‘ ¥ TN s ‘_ - ,\ ghv on 8B Bt ,\\



_ : All tho 5 poulu ot t.hia group had proviounly x.
lho-od ohuraetarisuo amtom anﬁ aul;;hur oelorod diar.-
shoes, Broopinq uinga nnd maciation were present in nli
poulta;

£ {

ggg__' "'ho oaoa ahowed advmead 13510:13 nlchough thoxu was
sous nr&nzion 13 tm &igr” ot ehwgoe. The lumens were
pnel:ed with foul smllin,g caseous material snd there wes
svidshoe of peritonitis extending to the adjscent meseniry.,
Nieroscopieally the wall of 'the’ cecunwas thlckeried “and all
the tissue layers were sffeeted showing protozoa ia' "nests”
of ‘vorying sizes. ‘The-lergést parssites were présent néer
the museuler leyer, ~Intestisal villi-'were distorted and
norasl muscular tissue was very seam;y”.‘-'~-"Paiyw;:ﬁon'ueléa?
leucocytes a&nd lysphooytes were numerous, “The lumen of the
geca were showing fibrinous exudate, deed tissue, inflam-
metory eells and few protozos,’ (Fig. R21).° The 'blood '
vessels were éngorged. & TUUILul whumowRE pEEERLans

l_.g__g_: MW larga eharwt;arietlo loaions were obaorved
on the surface and Shroughout the organ, ' There was a vari-
stion in the sxtent of the'lésions.. Their size ranged from
pinshesd ool to those well defined.’ Histelogloal exami-"
nation of the section showsd extensive aress of neorosis

with few normsl hepatioc cells., The neorotic area was rich
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{n protozoa with well defined oytoplasa. (Fig. 22)s
*Hests" of protozoa of verylog size were common in the
cleerer sress of lysed liver tissue, (Fige 23, 2%, 80d 25).
The inflammatory process with resctive cells wea well estab-
lished, sostly near the hepatic triadas, Blood veanals were
sngorged, Wild hsemorrhage was observad.

Kidney: Lesions were not nbsorvad. uibrdéaoﬁie’diiainQQ
tion rctlnlod oloady awsllias. nlight haonorrhago with a

distortion of sone few kidpey tubules.

gggggg- Roasonnhly anrmal..
£ In the third group tia grems susponnion of aambinea
infected liver and ‘esoa with thalr oontcnts were civon to
tlvo 25-413 ald poaltl. Opne bBird was lelod arter 7 days
of exposure. It showed ehar;eterintlo lesiona or ﬁisto-
monissis. The remsining rour poulta died or the disease 9
to 10 days after being oxpoaod. They snaued typioal symp=
toms and lesions. (Table V).

The incubstion period of the disesse in this method
was 7 to 9 aaya,.a 1ittle shorter then the previous methods,
The following changes were observed in these poults:

The poult was off feed, dull, with its head down end
with ruffled festhers. Droppings wers watery snd yellowish-
white in color,
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Qece: Both ¢sca were affeoted and were enlargsd with seml-
gasecus materisl. (Pig. 26). Histologlosl ‘gxemination -of
tissue sections preseanted s thickened aucous snd subusuocus
leyer with hypersemis und detached villi. The pusoular
layer was partl;r arr-otsd bu.t tne saroun laycr waa noraal.
anillnry coagaauon naa yruent in tho mscalar leyer. |
Eutaoyhiln ure mat oomon 1n t.he muaoms and aubmuwua
}.ayer. An uuaau waa preaon& uith nmuermu protoma nav-

ing uoll derima eceentrio nuoloi. 35 e od

Liver: The liver showed véry Tew lesions, some of them:
were slightly raised sbove the surface .of the' organ. «(Fig.
26). Histolegloslly ereas of round .cell infiltration were
common ‘with neorosis of the hepstic paremchyms. Well "
lhinod protozou reeembling the "vegetauva phaae*‘ of

§U8

mtoﬁonas mleagr&dia vmro groaant. | Reurosia and poly-

norphonuoloar 1oucooytu wra irregularly diat.rlbuted. ‘
Spleen: Appesred mormsl. .

M.m No

D 10 days poat inooulatio

Bird No. 63 ed 10 4 ost inoculatio
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411 these four poults whioh dled of Histomoniasis
previously showed a charsoteristic sulphur-colored diar-

rhoea, The psthologlcsl changes were more or less the

Ceon: All of the cece showed advanced lesions with extend-
ing peritonitis whioh {nvolved the mesentry., Histologl-
oally all the layers of the cecal tissue were showing
{nflemmatory ohanges. The protozoé could be seen in all
parts or the sections and nnny of them were laying togothar
{n "nests.” The slze of the protozos wers variable. In
gost ceses the nuoleus was not visible. & few “divided
phese” of the protozos were present. There was widespread
peorosis with resctive cells. Blood vessels were engorged.
Liver: Numerous wideaspread lesions up to 1.5 om. were.
present as viewed through Glisson's caspsule. Microscopi-
cally necrosis was 111 defined end cell substances were
lyu.a'ltaiing'oniy the cell outline, Hemctive cells were
common in the hepatic tried snd around the central oanal.

"Fests” of protozoa of veriable size were oommon.
Kidney: Reasonably normal,

Spleen: Reasonably normsl,




IXI. OOMBINED ORAL AND REQTAL INOCULATION

Three turkey poults 39 days old were given two
grems each of a suspension of liver and cece with thelr
contents, Ono sran or auapenn&on of arroctod tinsua wal
passed through tho lauth lato thc nrop ar thn paﬁlt ana
another arun of auapennion.uaa administered per recotum in
the sasie way o8 desoribed for "Rectal Imooulatlon.” At
weekly intervels one poult was to be killed. One bird
sxposed to the tntooiianitor-7 deys wes killed, It showed
gross lesions in the cecs and liver. The two _remalsiag
poulte were heslthy nt 14 and 21 deys. (Table VI}. Three
controls wers killed & weekly intefvals. A1l were healthy.

Th-'inonhatlonvporiad*iﬂ this method wes not esti-
meted as typlosl 1nrootion waes not prauant. Tha following

e

obanges were observed in these poulss:" ’

Bird No. 698 (Killed 7 days post inoculation).
The poult showed drooped wings, poor appetite, head
down end its eyes were closed. The droppings were watery

end yellowish in color. Temperature 105.5° F.

Ceca: Both ceca were affected. They were enlarged with
semi-caseous meterial in their luwmen. Mloroscopleally all
layers of the cecs were showing s aoute inflammatory pro-
cess. The mucous and submucou: leyers were thickened.

Fibrinous exudate was present with mascive necrosis, The
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.. -The effect of combined orsl =nd rectal ipogulations .

“using two grems of tissue oontaining aiatonopadg to

Surkey poults.. -

s AR

._Age when . ..
Poult ‘exposed

2 3ia mankOB s sa
y o - exposure

Bleck-, .,
hesad

Lesions.

Liver, ‘Coos &
Contents

i | s

Liver, Ceca &
Contents

689 T 3T

682 39 ‘Liver, Ceca &

Contents

7

s

<21

T

Liver
None

lione

Killed

Rilled

Killed

= -] i e Bl s e MO Bl @il iy wen

]
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villi were distorted. Irotozos were present throughout the
tissue but "nests® of peresites were rere. There wes &
parked polymorphonucleer infiltration. gapillary conges-
tion with limited haemorrhage was seen.

m:' '.ﬁ‘hh oréan l'hauo.a: il.:t"“ 'p.tﬁ-pbint lni;ina'.' ' f« nitjudy
of tiauuc aont&onn ratealod row areas or well defined rounﬁ
cell 1nrl.1tratlon noatlr nur the eapnlariaa and amell
bile ducts. Raactirn o-lls were prcsnnt with nlight
hsemorrhage. The nnerosia wan 1rregular nitn 111~d¢f1naﬁ

urgm shmung the prnnnae of few proto:ou.

g_g_;: Reasonably noraal. .

o 2 (Kiil . t inoculsti
Symptoms of the disesse were not observed in these
ho poults, Leazona were not observed upon necropsy.
Mioroscopie examinetion of cece revesled hyperplaesies of
unphold erea onl.: in tho wueous lssu'. (Fig. 27). _

ﬂnui uounns of ls.'ur, iu.dnoy and 3plean wora nomal.



IV. SUBCUTANEOUS INOCULATION

Three poults 39 aaya ar age were each inoculated
subcutensously with two grann auupenalan of liver and oceca,
-1th tnalr aoheontl._ !tn ixpasqd poultu -ad conzrumc were
klllod at 7, 14 end 21 4ayn post axposuro. Honﬂ ot the
exposed birds developed typlesl Histomoniasis but s looal.
resction st the site of injections were well marked.

(Tabie VI1]. The coRtol‘Birds rehstnea ResItHY. T

The following changes were observed in these

poults:

The first loeal resetlon consisted; of .e slight, ..
swelling &a.thnutuhnus-nnann;tiasunﬂwiﬁh@aazisunwnnnnisa« 
The “poult wae dull, off feed and continued-to fell on the
effected side of the body. Tempersture wes L06° F.

 Qecs: Appeered normal.

Liver: Bormal.

Kidney: The organ wes swollen., Section revealed sliight
heemorrhage, elso degenerative changes of & few kidney

tubules and glomerull.
Spleen: Appeered reasonably normal,.

Loogsl reaction: The skin showed hyperkeratosis with




" qaBLE VI

~ The effest of subcutensous lnjeotion of two grans of
. tissue oonteining Histomoneds to turkey poults.

AGO.WDSR . . .., 1u1) 5l FOSEe

Poult exposed exposure

Wo,. ..Days, ... Imosulus. . .Dsj8 ..., Leslons  Rewsrks

Bipesprenggrueiifoq, ongagl Ao incouleted areas, The Bkis
san. i .. ...Comtep¥s . 7. . Locsl? & Killed

B33, ... 29. . bAysr, OMpB & ... .... cvon was desreseed
wiiaes, 2F0 “Ugongents 7T C147T7C Escel® ' UEilled

Bl sdeseygere LRI CORaRNR Mo e ol dnpertiag & pingalhs
have to.the cusBPOIERERea pere. PhravioEOEAE" - HREIRS

5Loou1 reaction at the aite of inoculation.

fd BIVIRIN A « E ST LA
td
s oy } 'Y =
3 1 o
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thickening of the deruis, There was o mass of peorosis.

iaa.tuging resotive cells, moponuclested cells end exudate.
They were sbowing an infleumetory reaction with heeaorr-

hsge.

64l (Eilled 21 deys posat ingeulatlonjs . .« .
.. Both poults were dull with a loss of appebite end.
both were shuwing the same typea of ehsnges.  There wes a
widespread swellling sround the inoeuleted .ereas, ;The skin
was white to derk in color s a result of ne¢rosis, heel-~
orrhage, and exudste, The meeroblic srea was depressed.
Its edges were indurated and reised iwsperting e ringlike. .
shepe to the outer affected pert, Grevitetion produced
lemeness,

mg: Appeared noml. ‘s ’.’.my of ;ieﬁéiodﬁ ﬁisdui _
revealed s slight thiokening of the submuoous layer from
SRR i53, FEd i, OB ais Sied

Liver: Ressonably normel,  dicroscopleally a few round.. .
oell fooi nesr the hepatic triad and sppurent hyperplesia
of blood vessels were the only .changes.

Kidney: Same type of changes were present as in the pre-
VIotd Bl ToeeGNite ThAs § Ware CREIETES AN Laese

Spleen: Normel.
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Loosl wesotion: Apart from the locsl changes previously
iolorihod. the naerat&o mass contelned eesooul natorlal.

noatnnrutavb ohalcsa uur» elso pr-ucnt on the related
pectoral mnlu. -~ | | '

. INTRAMUSCULAR INOCULATION

Th&éﬁoon poultn 16-39 days of age were inoculated
ihtr-nnseaiirly with three different typdu:cr suspension:
thet is, oeos, liver, end coablned cece and liver, It wes
jrﬁpoacd tq'kill one exposed bird in the three different
groups &t weeily iaterval, 4lso a control bird wes killed
at the seme interval, All the control birds remalined
heslthy. The exposed birds were closely observed each dsy
ror abnorasl dreppinsn or other shanges.

In the rirlt group cpe gram of aaeal suspension
from an infeoted bird wes injested intrasuscularly to esoh
of five 16-day old poults, One poult died two deys post
exposure from a nol-specific ceuse. Another poult dled
after 11 deys post exposure, It showed a liraofloocl
resction at the sise of imoeulation. Degenerative lopions
of the liver were prg-pa&‘y;phout ﬂistoaaaﬁl; The thriu
remaining poults roialn-e healthy other than one whieh
showsed a locsl resotion in the pecsoral suscle. (Table
VIII). The following chenges were observed in these
poults:




Bisd No, €47 Bied 2 SAMEREREFIIRGEuLS 284

The effeot of intremusculsr inouulationn~6r‘ona grom_
“ of sissue oontalning Histomonads %o turkey poults,”

age when g oS g 1SS e
Poult oxposed exposed  head
o, - Days. (1. Inooulua . - Days . .cLasions Remarks

647 Jhouit Gesasnsciated, 2 =0+ Peotorak: ot hs
| . Muscle Died
64k e | iamba 1 R okt 117" “Pectoral " -
‘ Musele
& Liver Disd

635 16 Cece 21 Loeal Killed
612 18 Cecs 28 None Killed
628 36 o OB, oioutne 4o tnerat? TR onacBilied o
623 16 ~ Liver T None Xilled
o 18  iiver = 12 Peetorsl

Muscle
& Liver 'Died

621 . . 16 . Liver . .13, Pegtorel,
[ i > > s ) 3 B8 4% . & A4 Huﬂdl‘ e
& Liver Diled

605 - 16 ioldver: srsuest A3 Pectoral
#uscle

- . Bee ga . niiied Mobdvens Slek
sie 1Y Liver “TUNTT137 T 'Pectoral
S hve s o L e meavossdtiiSIdLasiisre

' ‘ > - & Liver Died
691 ©39 " )0é6e & Liver ~ ~7°C " Pdotorel 193¢
. -y i __ Musele Killed
680 39 Cecs & Liver 14  Peetoral
7 Husele Killed

694 39 Cees & Liver 17  Pectoral

: Wusele Died
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.4 loeasl swelling at the site of inocculation was .. .
present, . (The pectoral muscls was showing slight necrosis

with a ribrinoul nxudata and ronobivo eellu.

Bird Ne, Sidy ;2;,1 11l days gggt inooulntlgn).
The ponlt unn onaciatod. A loosl awelling et the
site of lnooulatlon was present. The droppings were

l".l_}-\o
Ceca: Normel.
kiver- This organ was showing degenerative changes on both

gratl and uioroaooplo exsuination.

no Eb groaa laaion wau.greaont. soetions shuwod

liishi inrlennatory proncsn ln tha kidnoy tuhulou.
Spleen: Ih..tilsu-.uaa;nhnatlsna‘ aaad oz

gggggal lggel uzerouoopieelxy at tho polnt or 1njeotton
thc muscle oolls ﬂort distortod naorosod with tnriltratlon
ot paly-arphanuolonr 1ouuoaytot ospooxally nenr tho hlood

vosntla. CQAgcutian or voascls wes alno prauont.

Birgd. !g, [g; led 25 deys post 1nooglat;og}
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© A1l thvee poults eppeared heslthy. One bird showed
@ slight logsl resction at the site of fmoculation,  Temp~

eram-e 107° F,

Q*”g Narnal An 1nsraaso in lynphoid oolln 1n the mucous

1ayer waa saon microaoopically.

Liver: Appeared mormai. |
ildgg:i‘ Herual.' Hioroaoopio oxamination rnveulad beemor-
rhage wlth nooroels or s rov kidney tubulan wibh hyalina

oaat-.

Spleent Wormal.

wusole: There was necrosis with reactive cells
and ocongestion seen upon mloroscopio exemination.

. In the second group five lé-day old poults were -
each injected with one.gream of suspeasion of infected
livor intrlnunonlarly. Ono poult killod at 7 days post
-xpoanra ihound no lignn or Gho diasaac. Thn rtnainins _
raur poulta dlod on thn lzth anﬂ lath dnys post oxpoluro.”
They showed lesions 1n the pmtarnl auscles end in the -
livur. (Tahlc VIII) _ “vo othor gaultn wtrc inooulnted '
ulsh nerual lzv-r aa 1noculahud oontrolu.; Lenionl dld not

FF

dovaIOp rollowins thc 1aoan1-tion-. R
Thc tollewins ohans-a uaro cbstrvcd 1n rivo .:poaod

poultl:

e N
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The poult was healthy. All organs were poraal,

P_&Eg o, 618 -']-Bhd 13 days post !&oialgﬁ!on! §vos

411 the four poults were showihg more or less the
ssns types of changes. They were weak, emacistod, dull,
and hed previously Showa loose white dropplngs. Looal
gwelling was. yraacne et the #ite of inoculation.

Cega: Wo yona luion ns pnsont. Moroacop!.onuy t!m
mugous mbrun- wes lou. Tho vuli wora ahwing n.erosil
with the pruonno of reuun oella._ i*rot-ozon li.ko bodlen

were prcaent. Bload vauola were eagargad.

Liver: A 'few sreas of necrosis were present on the sur-
i"neo of the liver. Tissue seotion study revesled necrosis
with h'rasular uarglna and protama like bodles resexbling
& omonas m;tngggg 8. (Fig. 28 ané 29). Cedematous
fiuld was preseat with few mononuclesr cells. Folysorpho-
nuclear leucooytes were present especlelly eround the mer-
gins of the neorosed srees, The neerosia was not uniform,
Pew cells were distorted, (Fig. 30.

Kidney: “The kidneys wero swollen. iﬁiox;ouopioaua
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degenerative obenges of the tubules were preseat. o

ég&!ﬁg:z;aoriai;

vectoral musele “’!ni;nﬁiﬁiu”uis‘iiofliﬁiiﬁaéﬁccroacd on
the effeoted side. iioroscopic exénination revesled o Gass
of neérosis with prot.inaoloun fluid. Proééﬁ&a'oriéariéés
sizes Icro prouont -ost hav&ng ah oeoontrlc nuoleun with
granular oytoplasm. Tbero wore mononualour nalla, intil-
trutud around tho neoroaed margina. “The normal struoturo
ef the aunela tisste wes lost, Haemorrhesge and fibrinous
exudete were prasent, {(Fig. 3i).

The third gronp was oonpriasd of thres 39 day old
poults. Ono gran of ausponaion of inr.ctnd oeoa, und
liver were injactod intranuuoularlv. Two of the thrao .
poulta were tillod on tho 7th end the lith aaya poat :
oxpoauro. Both snoued o local resction in the pecteral
muscles. Tho thrd poult diod 17 dnys posh a:yosuro.
(!iblo viii), asaimettes . '

Thu ohangon 1n aaoh poult were a8 rallows:"

Bird ilo . led. 7 deys post inoculstio

{rd No. 680

Both poultu icro appnrcntly hnalthy with llight
looal awolllng at the potnb of 1njootion. Louionn were not
prolons in the ceoa, llvar, kiﬁnoy ‘and aploon. ‘The p-o-

soral nuuolca showed wideapread nabroniu vith lurgn nunbarn




102

of resctive cells and oedematous exudete. - (Fig. 32). 'Fro-

tozos were present in the neorosed tissue. (Fig. 33).

Bird Ho, 25 SDlgd 17 dgza pont 1 ggg;;tian].

_ The poult was tuaeluted. Upon necropsy tho.oecn,
liver, kidney aac eploon were reasonsbly normal., The peo-
torsl musele was swollen at the point of injection.
Histologioelly aspart froa the changes already deseribed
the musele tissue showed some hsemorrhsge end its noraael

structure wes iost,
VI, BLOOD: INOCULATION - o0t

A total of seven pﬁﬁlﬁ;IBS-Lzraaya.or eéo woLs. .
1§oonlat§d with 0.2 al, of infectsd whole blood withdrewn
from the posterior mesentriec, cecal and hepatio veina, Two
different routes of transmission were used. One poult of
each group of exposed birds ineluding the controls were
killoa at weekly intorval._ ALl control bird: romaineﬂ
hcalthy. The axposed poulﬁl were obusrvud eaoh day roru
.hnnrnal dropplngs or othcr signs of the disnaao..

in tno first group rivo youlbu 35 éayn old were
given 0.2 n;. ot infected uholo blaod intra-hapntioally
through the body wall. Ont poult killed after 14 days of
exposure had dcrllopcd ‘the dlaonsl and showed atyploel
lellonl in the livcr and 1ungn. Another poult died of
nistouonialln 20 dass rollowlng axposuro. The remaining
three birds were killed on the 7th, 21s% end 27th days of
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szposure, They showed no sign of the dissese at necropsy.
(Table IX).

The incubation porldﬁ'or'tho disease in this group
was between '1?&03_&@;15 The following chenges were & <

observed in thiiihébﬁlﬁa;

ihn penlt was notnal. Thpf;iuAs'ﬁaw;pgpx‘roqes1oq'
and no. lon&nn,-aa ohnnzvo&. « SO Gy 5 PR

B-r Ho 686

The poult was alightly wask. Droppings were normsl,
Temperature 105° ¥, "No olinical symptom of Histomoniesis

Bhe

was present.

g_gg_ G?Ol! lesion: ier nnt prosqnt. 5 atuﬁy of tiaau;
ncoaions r-v-alod 1nnre§aod lymphoia onlln in the muooua

ln:cr.

gg;___ ~Upon gross umnn&am;&-n the organ showel a- clnglo
ssssive neerotic ares 3 x 2} om. in dlemeter at the site of
{inooculation. Mioroscopic exsuinetion revealed massive
necrosis. (¥Pig. 34). Frotozos with eccentric nucleus end
granuler cytoplasm were common, (Fig. 35 end 36}, "Nests"
of protozos were also present., The tissue showed inflsumae-
tory progess with many resctive cells, heemorrhage and
exudate, dead tissue, end hyaline casis, {(Fig. 37).

Kidpey: Normal.
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PABLE IX

The effect of 0.2 nl. or wholo blood tron lnraoaed
donors to poults, . Xz

e s RS
Age when *oat-

Poult ‘exposed .  Site of . . 'sxposed Bleockhead:
Ho. Days Inooulationr Days Lcalonl Eaaarka

690 . -+ 35 .. 1 hdvert . o oo T oy MORe. .1, Ellled

686 ivosidSwers BAVORT pith seccdbious LAUMRGR, (Zie. a8l
Llung Killed

e e TR e ver Y Pled "
ﬁélAf- ‘ 35JL:ﬁ.'Lii§rtﬂ*lr1“” 21 L??'Nanoh iﬁKiIlod"
697 I 35 " Liver* Sl % ey 5y
6851 " 42 " Wing Veta = 7 e g o
Jrress sepy Sha Mopne veln o 1A% "Hade Killed

. . - e ¢ BN . .2 4 " § <

*ype inoculum was given througk the. body well ianto the
liver.
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Spleen: lio gross lesion wes prasent, Jidorosvopio exemine~
tion showed distortion of few cells .with protozoa like .. .
bodies 12 to 20 microns in.size in the blood vessal..

;’.IrL.

gggﬁ: All or ebla éréan wun“oongsate& It eonsisﬁod or
rirn,nlsu.s ot yullonlsh.caneoua aaterial of’varying nlzea.
smallur aodulaa or casaous material woro nnparatad ab

their boundnrlou by a thion red osdemaﬁnua aogenerstiag ;i
t&auun.‘ ﬁieroacoyic axaﬁinntion of soailoned ‘tissue -
revoalod gonsraliznﬂ areas of eoagnlation necrosis and
lhq-plvaolz\nmro,:;tloﬁ_v&th-aednmgtaunaexgaatql,,(r;aﬂggak
Bumerous polymorphonuclear snd moaonuclesr leucosytes were
present especislly eosinophiles and amyelooytes.. (Fig..39).
fhere was haemorrhage and degeneration of blood vessela.

Protozoe like bodies :caonhllng Hintaggne- molonggidil ware
pronont noar thc hlaod voanoln. {?1;. &Ol i

695 {(Died 20 days post addaal, nocans
(The poult had previously shown typloal symptozs of
the diuonul with the oxeoptlon of sulphur colored droppings.
ﬂnllnsaa. -naolneion, "and d»aopcd wings were trpieal of
ll-othsna nynpsouu.

ﬂ. ﬂ!l mm’.. {RAii8d 54 O6FF pOZS ADSRUSLESS S

g;;i:; The liftr aﬂrr&di"la aovortﬁ uatn lphnrlall neero-
tic food varying rrom pinppoint up to 8 oontluoter or more

= -

it d v tAL h ¥4 $ 2o < w - | e v4i

1n diantﬁar. Thn loliont uoro typioal aa th@no aonn in a
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patural outbreak of Histomoniesis, A study of tissue -
gections reveeled massive necrosis with sero-cellular exu-
dete, (Plg. 41). Lymphoeytes, multi nuocleated glent
oells, heterophiles, and other inflemmetory cells were
present near thé neorotic arees. The tissue was rioch in
protozoa and in s féw glant eells protozoe like bodies
were present, (!18. b2) Tha blood vessels were engorged,
contnined celluler dabria, crythrooxtos, other cells but

fow protozos. '

ggg_,;3 Gr6§§ 1§sién-u¢ro not observed, kileroseoploally
slight nnorouia with some hsemorrhege, distortion of few
cells and infiltretion of mononuclesr cells were the only
changes prcctﬁta'

gglggg 80 sroan leuiant. .aootion study showed lnoressed
eonnootiva tissue to be pros-nt and end arteries were very
ailtinot. (Fig. 43). ZEngulfed protozoa were present.
(llc- Lb).

,ggg: Eintopnthnlogioal ehanges were the seme &8 pre-
vloaily dlaorlhcd.

Bird Ho, 681 {£illed 21 days post inosulstion).

Ho filled 27 4 ost inogulation).
Both of the poults were apperently healthy st the
time of neeropsy. No lesion was observed. Mieroscople

examination revesled normsl structure of the tisaues,
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,,,,,

were given 0.2 ml, of lnfected whole blood by intravenous
injection into the wing veln. The poults were killed on
the 7th end l4th days post exposure. ¥None of the poults
developed typlosl Histomoniamsis. (Table IX). The follow-
ing chenges were seen in thess two birds:

Bird Ho, 6851 (Killed 7 days post inoculstion).

Bird No Kill ost inoculation).
The general condition of both poults was good.
Temperature 107° F,

gsca: No gross lesion was present. A4 study of the tissue
ssctions revesled o slight thiskening of the submuoocus and
sucous layer. Folymorphosuclear leucocytes were present
in oedemastous fluld, most prominent at the tip of villi,
(Fig. 45).

Liver: No lesion was observed. Histo-pathologleal study
showed few aress of round cell infiltration near the blood
vessels. Cloudy swelling wes common, Foeal areas of serum

conteining e very few protozos were present,

!@dnog: Normsal.

Spleen: Normal,

Lung: Capillary congeation with heemorrhage in the alr
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7-13 deye post inoculation. Two grams of & suspension of
d1seased 1iver and cece with their sontents produced Histo-
moniasis 7-9 deys pott inoeulstion in all five 25 any old
poults.” | T ‘ ‘ " . .
‘Golibined ‘ofal and rectal inootlation of two grems of
suspension of disessed liver and ceos with thefr cdnsents
producsd Histomoniasis in oné of three poults 39 dnys ‘ot
age. Typloel Histomonlasis was not present.

'fp 81l the thrse methods mentioned above the dls-

,j...l- -

- eased’ poult Bhowed oharacteristio syaptoms. Pathology of
the disease Pollowsd e falrly well sarked oourse. Infec-
tion aprtaﬂs ‘Prom the ceca to the liver and in later stages
of the dlsease the uplion uun kidnoy were involved 1n a few
cases, - = '

‘subsiitanesus LAssulAtion of two grams-suspension of
d1seased 1iver and hddﬁ'iiﬁh-chair'oéhﬁahtézyruduiid‘d'
loosl ‘reastion 1d 811 the thrds 39 day old’ poults. “yploal
Histomoniesis wes not preseat. el

" Intremusculss inooulation or“ano’éraﬁ'aﬁapéhiloﬁ’of
diseased ceca, liver, a4 ‘sosbined 1iver and cece produded
local resotions in the pectoral gusole whea given o thir-
teen 16-39 day old poults, ”?ipléal“ﬂfitduﬁnlaéiia%ai'nat
present but in a few obses protozos like bodies were
observed 1 the llver tissus after 7-12 days of post expo-
ey s ataamesd Figauss todcnted & Wore ¢

‘Whole blood fnoowladisn of 0.2 Hl. withirawn from’
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posterior meseatrie, hepatic end gecel veins of the dls~
gesed donor bird, when given intrehepsticslly through the
body well to five 35 dey old poults, two poults developed
the disesse in 14~20 days of exposure. Typioal lesions of
His tomoni ssis were present in the liver with styplosl
involvesent of the lungs end spleen. In no instance was
the ceos or eny portion of the intestinsl tract involved.
4 similer type of imfected venocus blood was injected into .
the wing vein to two 42 day old poults. HNeither poult
showed any lesion of the disense arior 7-14 days of expo--
gure. However a few protozoe like bodies were present dn
the liver tissue,

In view of the probsble presence of paresites in
tissue seotlons im the cecsl blood vessels snd later in
hepetio veasels and even in the spleen and kidney, indl-
cates clearly that protosoa pass in these organs by means
of the blood stresms. Whole blood inoculations indicate
that the infective form of the protosos is capable of
entrance snd survivel in the hepatic, mesentrie, and cescal
blood vessels during the epitical period of the dlsease.
It slso sppesrs that Histomones meleagridis may become
established and cause pathology in nesrly any type of
tissue to which it can gein access. |

In ell of the methods of transmission used the pro-
tozos observed in the dlseased tissues presented a more or
less unifors appesarance, resembling the "vegetative phase"
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of Histomonas meleegridis as desoribed by Tyzzer. “Neats"
and engulfed pcotoau were also couonsl.n the. later stages
of the Qlqut. “e Mtipunuon of the parasite thhin the
tissues 'proihny toox plece by binary fission as the
divided phno of. bho protozoa were observed.

The Moptu experiments illuatrate glearly that
it i not 8 Iittiault matter to produce Histomoniesis
u'uriohllr. 'ﬂuap o:pwlnanta have sgain shown that. the
"Reetal lnoiuhﬁlm' of &inund liver nua eeot uiw tholr
eontents Gl'.,' en inoidence of 100 parcm;b infection. J.Thh
method i3 the most sultable for infeoting turkeys to be
used for oxwhmn work in connsetion with the eoaeing
of lrugo for nropwlaetie o ahernp-utie purposu.

- gf A SUMMARY

'y 'loilci 'of' &:pariﬁonﬂ afs don';sfibod for pré&uaing
artiriclel mstmnzuin llt turko: poulu 16-).2 days of
age. Ihs-rhl rac the pﬂm mﬂtlm ‘wes chtnlnoa from
two mr«tol ahl.m. Expuluontul poul.'u nruu* Qovclophg
mauuu wm at tuu wa u a mubs ur uunuc
liver esd sa0s uith tho:lr oantonu and ‘-hole blooa. ;

mmo lnnpenuona; one Yo three grams, were given
once ounly by onl, neul, oombined ortl ‘aad roatnl HUd=
cutaneous and ut#qu-aullr znooulauou. ﬁhﬁ) blooa
(0.2 ml.) was gz'na zmwnmuu alnnch th bod; wall
snd !.ntruvmuqu uto tho wing veia, ahtogonzula was



TABLE X

~ - —-ne results of vsrious methods of exposing poults to Histomoneds. -

N Ta g

== T I S
contalining Route of reciplent of of Suecessful period
mwnﬂononann ﬂwoaunponuau Days Foults Inoculua qﬁ-uul»uu»ou Days

o

”mbﬂp.

2] BT o oou-

teantis

(2) Efves ™

(3) iiver, oceca

and contents

(4] Cecs end
s e ‘n‘vpﬂ.gﬂ.. &

(5) Liver

Oragl inocule-
tion into the

- oesophegus

Gral inoculs-
tion into the
oesophegus

Orel inocula-
tion into the
oesophagus

Orsl inocule-

Orsl inoculs=-
tion into the
gizzerd

16
wm
25
40

50

§

2 gan: dis-
unuumwa
2 gas. stus-
penaion

2 gms,sus-
pension

3 gms,.sus-
-peasion

w. mg ° fUuSe .

pension

0

e

7-14

7-12

7-12
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TABLE £ (ocontinued)

muannd nn »nodawn- _ sno of ¥umber munna« uaauvuwuan
containing Route of recipiont of Saocessful period :
Histomonads Pronsmission Days Poults muaoswsl Transmission Days
oroup B
(1) Cecs end Rectal inocu~ 16 5 2 gms.sus- 5 7=14
contents lation | pension (ool
(2) Liver Rectsl inoeu- 16 6 2 gns.sus- g 7-13
AR N ~dation R _ - pension
{3) Liver, ceda Rectel inocu- 25 5 2 ,.msn.aﬁ-l Yoo AR, 7=9
_ and contents letion pension
Group G A . | |
Liver, cece and Combined orsl 39 3 2 gms,sus- el e
qca»onvn and rectal pension
R igoculation : :
Liver, ceca snd 3uboutansous 39 3 2 gus,.sus-
- eontents inooulation pension mwoanw
s _ reection
only} -

711
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gpodunya wiih_varigqu Buocess hy_d;trqrant routes o:J
transaissions, ; . ar: : i

The axporinsntal poultn died of Bistononiaais within
7 to 14 days sfter exposure to disessed tissue suspensions.
When whole blood frosm infected pouit wes inooulated into
healthy recipients death occurred within 14 to 20 deys
after exposure.

Diseased poults showed characteristic aymptoaa_
Fathology of the disesse followed a well marked course
after oral, rectal and combined oral and reotal inoocula-
tions. Protozos were observed in the cees, liver, kidney,
end spleen. Sudoutanscous inoculation produced only a
locel resction, Intramuscular inoculstions produced
lesions in the pectoral muscles end liver, In blood
induced Histomoniesis the protozos wus observed ia the
liver, spleen, and lungs,

The perssite observed is spheriocel, without fla-
gells, mostly with ecceniric aucleus and having granular
to non-granuler oytoplesa, "Neata" of protozoa containing
2-8 parasites were observed in the later stages of the
disense. Their reproduction in tissue sppesred to be by
binsry flssion.

Two new methods of producing Histomoniassis (des-
eribed above) thet is oral inoculstion of dlseesed tissue
into the gizzard and whole blood inoculation intrahepa-
ticelly from the diseesed donor bird geve encouraging
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results. However further experiments are reguired to

establish these routes of transaission on strong footlngs.
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.‘i

Fig. 1. Poult Ho. -627
showing enlerged oecs.

Fig. 2. Foult No. 634 show-
ipg 2«3 times enlaerged ceca

and ‘abscesases in.t

pa iiver.

T pig, la. Fowlt No. 627 show g
some of the typicel syaptonms.
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Fig. 3. Ceom, K. & &,
X 59%, ‘Hests of pro-
| bedon.

Plg. 4. Liver., H. & B,

% S00, UNests of pro-
tozoa in the areas of
nesrosis.

" Plg. 5. Liver., H. & E.
- x 1200, Enlergewment
of a portion of Flgure
i showing nest contelin-
ing six protozoe in @
nsorotic areas,

Fig. 6. Liver. U, & L.
% 1200. HNotlge His-
tomonas in the blood
veagel.




i

?1‘- 7. mdm’. H. & &,
~. % 500, Zfrotozoe in

31‘0 3. spl..n. H & 1‘.‘-
"% 1200, Frotoves in.
the Llssus, Oalan

Pig. 9.- Sploon:'.g; ia
3 1200,  rotdioa
with resctive dells,

Pig. 10. &Splesi. H,

3, z 1200, He.;,-&?
otozoa 1o the .~
issue. :




139

ris' 1l, Ceca, H. & E,
X 500. Oedema of ..
A villius tip_. 38,

#ig. 12, Ceo0n. H. & K.
x 125. Lsminstion of
the contenta in the
lumen.

?13. 1-3- Cﬂlﬂ. H& & E,
x 1200, JFrotozos in
the muscle layer with
reactive cells,

’u' 1&. 5 EJ.&WF- LEQ h
B, x 1200, Rotice
protozoe {(eenter) in
ke necrotic sreas of
the kidney tubules,

T
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i Pig. 15. . Foult Ko,
: 511 showing drowe
siness, weskness,
and drooped wings.

Mg &A

vig. 16. Cece, H. & B.
x 560, HNotice swellw-
ing of ths villi and
fibrinous exudste.

612 showing
enlaprged ceca and
neerotic focl in
the liver.
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Fls' 18. : Gﬂtl. 8- & B,
x 500, Kusels layer
showing necrosis, .
nests of protozos, and
reactive cells.

Fige 19, Liver. H.'& Z.
x 125,  Hecrosis of
the hepatic triasd.

Fig. 20. Foult No. 625
showling greatly
enlerged oeca and
necrotic focl in the
liver.
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Pig. 21, Ceca. H, & &,
x 1200. Frotozos in
the lumen of the cecs
with dead tissue and
inflexmatory ocells.

Fig. 22. Liver., H. & &,
.. X 1200, Lerge proto-
zoa containing many

granules within a
oclear srea of lysed
tissue.

¥ig. 23. Liver. H, & &.
x 1200, Hests of
protozoa and necrosed
liver cells,

Yig., 24, Liver. H, & 2.
gx 1200, Sndothellal
cells with protozoa,
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Fig. 25. LAver., H. & E.
x 1200. "Vegetative
phase™ of protozoa.

Fig. 26, Poult Ko, 630
showing enlarged cecs
and a few neorotio
fool in the liver.

vig. 27. Ceca. H, & I,
X 1200. Hyperplesia
of lympbold cells in
the mucous layer.
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.?1‘. 2‘ Liver, H, & 8. '
x 1290. 3ot£co lnrgo
9»0‘0!&:. ' =

?is. 29. um. : "i[. ‘ 3. .
x 1200, PFrotozos 1n
a lysed area. !

ig. 30. Liver. H. & &,
x 1200, Showing
necorosis with protogoa
and reasotive cells,

Pig. 31. Pectoral muscle
B, & B. X 44. Showing
a mesa of necrosis
with protaxnuezons
fluid,
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Fig. 32. Feotursl muscla,
H, & 8, X 125, A mass
ef necrosis with glant
cells end oedamatous
exudate.

Pig. 33. Pectorsl muscle,
Eal&‘ﬂ. b 4 %zog. AR
ergexent of s part
of Fig. 32, showing
protozcea with reactive
cells.

7ig. 34. Liver. 'H, & 2,
z 125, WNeorosis.

Fig. 3’. s Li"r. K-. _-&;"Ku
x 1200, An enlarge-
ment of a part of Fig.
34, showing protozoa,
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Fig, 36. llver, 'u. & &
x 1200,  Protozos
with resctive vells.

o
Plg: 37 Y. moa v i
X% 1200, Protozoas in |
nesta, R i
L
I;*
Flg. 38, Lung. .H. & I, —
x 125, Heorosis and &
haemorrhage. .
|
2 b De Luus. H. & &. It
118: gzoo. An“enlarge= i
ment of g part of ¥Fig. 3
8 snawinf rotozoa [
{cénter) with reactive ki
Oﬂllsc E




‘ . B
'1 . w' L - ﬁ' &
% 1200, Peotoson M
the hlm veussel.

318. ‘ll. Li?.r. E' & J.
x 125, Showing neoro-
sis and haemorrhegd.

":i’ Flg. 42. iiver. U &3,
k- X 1200. An enlarge.
ment of & part of 7ig,
4l, showing protozo,
with reasctive cells,

FMg, 4,3. Spleen,
sg_l'i 1200. Sh"“ng&
rominent end gp o &



gpleen, .. &
“ 1 b , '“' 200. EQQQ‘
;: o 'mf;.:;}l& jrotomang
L STUDY O Ths

- ‘({,.nm) Wil reective
ree &2 #Ebi "'w wdl'l

- & E.
i 45, Ceca, E.
ml 500, Opdemem of

villus with resctive
| ©ells,
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%, x 1200, Notlce
engulfed protozoe '
(center) with reesective
colls.

M Fig. k5. Cece. K, & E.
o x 500, Oedema of

f villus with reactive
cells,
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