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INTRODUCTION

Turkey raising has become big business. During the period 1942 te
1946, the average annual return in Utah emounted to about nine and one-
half million dollare (4). This amount would have been increased consider-
ably if the death loss among poults had been lowér. As aﬁ example, ueing‘
the percentage of mortality given by Miner (9, p. 5), it is estimated , |
that the death-loss of turkeys in 1944 resulted in a loss of gross in-
come by the farmers of Utsh of more than four million dollars provided
that the price the farmer received hod remained ﬁhe same,

Anong the prevalent causes of this enormous loss are those caused
| by the protozoa. One of the most common, yet least understood, of the
protozoa infecting turkeys is Pentatrichomonas gellinarum (Martin and
Rovertson). It is found in many turkeys with no avperent harm to the
host, while in others it has been reported to cause an "acute tyvce of
infection, characterised by dtarrhea® (15, p. 1021). The lack of con=
sistency in producing apparent effects in turkeys has caused some in-
vestizators to believe tﬁat the protozoan may not be pathogenic.

Morgan and Hawkins (11, p. 94) summed uv the problem by statings

"Hedley and Amison (1911) and Jowett (1911) held that

infectious enterchepatitis was csused by trichomonads,
but this work wss Aiscredited for a number of yeesrs by
the work of Tyzzer (1919, etec.). =Recently this theory

has been revived, although not conclusively demonstrzted,
by Allen (1936, 1940). She considers there are two types

of the disemse, one produced by Histomonas meleagridis
and a second produced by Pentztrichomonas gallinarum."®

As yet, little, 1f any, information is known concerning the incid-
ence and effects of Pentatrichomonss gallinerum (Martin and Robertson)
in Utah flocke or its relstionship to Histomones meleagridis in causing

infectious enterohepatitis.
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(Msrtin and Robertson).

The classification of the protozoan is as follows:
Phylum=-~Protozoa
Sub-phylum=--Plasmodroma
Class-Mastigovhora ;
Order~~Trichomonadida

Genus~~Pentztrichomonas®
Species~=gallinarum

The body of Pentatrichomonas gellinsrum is somewhat similar in
shape to that of an egg or a pear, although the form may vary.

(Compare figures 1 and 2). The averace measutrements are about 7 microns
in width and sbout 11 microns in length., Allen (2, p. 67) found the
average of those she studied to be 5 microns wide and 6.6 microns long;
vherezs, DeVolt and Davis (6, p. 560) report that the organism is from
4 to B microns wide and 10 to 15 microns long. From the writers obser—
vation the main distinguishing charévteristics are an undulsting membrane,
five free antarior flagella, and one trailing flagellum, The trailing
flegellum srigses from the enterior blepharoplast complex and proceeds
cendad as the merginal border of the undulsting memdbr:ne. An axostyle
projecte from the nosterior mergin of the body. There zre two blepharo-
plasts and ameleus has the chromztin distributed on the nucle:r membdrene,
The cytonlasm appears vacuolated and may have dzrk granules located’&n
the central region of the cell body zlong the axostyle. As yet, no cysts
have been found. (for deteiled morvhology, see figure 1. w. 3.).

The movemente of the organimm are characterized by an 4irregular,
. Thie organism has been generslly called Trichomonss, Morgan end

Hawkins call it Pentatrichomopas and the organism also fits Xudo's
description of the genus Pentatrichomonas. Hence the generic neme

used here ig Peptatrichomonage
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Twisting motlon created by the undulating membrane ond flagella. Allem

(2, p. 67) states that the organism shows 1ittle forward progressien,
which readily distipguishes it.from the quick darting movements shown by
frichononzs eallinse, =y, I Solumbge. In apparently degenerating
individuls, there appears an an@béidvtype or peristaltic wave motion.
This motion appears o be created bi an extension of the cell wall and
the undulating membrane. It begins at the anterior end of the body and
mo‘va.a to the vosterior portion of the body in a wave-like motion. (ses

Anterior Flagellum

Blepharoplasts
Paradbasal bdody
Posterior flagellum
Hucleus . '
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Axostyle
Undulsting membrane

Axontyle
—Fosterior flagellum

- Mg Yo de Fg. 2. Pentalrichomongs
£allinarum (Martin and Robertsom gallinarum, Redrawn from

From prepared slides X550 Horgzan and Hawkins to show
. different shape organism
My ASSUm®,

Pistribution of Infection. Pentgtrichomopas mhas a wide
geographical distribution. Allen {2, p. 64#) reports that it has been
found in Maryland, the district of Columbla, Virginia, Temnesses, Chie,
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Golerado, and Pennsylvania. Other workers have found it infécting tur-

 kays in Galifornia, (7, p. 104), ae well as in Utah and Idahe.

Survey work done in Utah indicates that it is present in turkeys of
Cache, Box Elder, Weber, Davis, Utah, Sanpete, Sevier, Woyne, Piute, and
;ashingm Counties. (ﬁeo fiz. &4, p. 5) Infections wers found to be
present in all countiés where examinations were made. Because of the
unrestricted movement of furkeys throughout the United States, it is 1ike-

ly that Penteirichomonas s wide spread and probadly exists in all of the
major turkey raising areas.

‘t‘
N

L uu'\“"‘ e

Pig. 3. Dlagram showing the type of movement exhibited by an apparently
degenerating individusl, '

REVIEW OF LITERATURR

Infectious enterchepatitis in turkeys was first described by
Cushmen in 1804, .hnt the causative organism of this disease was not
noted st thet time. In 1895, Theobold Smith (1, p. 215), in glving the
otiology of infectiocus enterchepatitis, named a protozoan, Amgsba melsa-
£xidis as the causative organism; .

In 1911, Martin and Robertson described_Pentatrichomonas gallinarum
in a very brief way and named it Srichomonas gallinarum. They did not
attenpt to assay 1ts relationship to infectious enterchepatitis. Since

that time, further study indicates that the organism has five anterior
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flagella instesd of the four describved by Martin and Robertson. According

to Allen (2, p. 65) both she and Wenyon are of this opinion and believe
¢hat Mertin and Robertson merely overlooked the fifth flagsllum, which
is shorter than the other four.
According to Morgan and Hawkins (11, p. 9%), Pentatrichomonas
&llinayum was first incriminated as a csusative organism of infectlous
ent~rohspatitis by Hadley and Amison, and Jowett in 191l. Again in
1916, Badley identified Peniatrichomonas gallinarum as the causative
organism in enterohepatitis., This wes the generally accepted viewpoint
until Tyzszer'!s work came out in 1920, Tyzzer renamed the organism that
Smith, in 1895, had called Amgeba meleagriiis. Tyzzer called the organ-
ism Histomonas meleasyidis. Tyzzer also gave exverimental evidence that
Histomonas meleoagridis is the csuse of infectious enterchepatitis instesd
of Pentatrichomonag as had been thought previocusly (14).
For the next fifteen years following Tyzzer's report, 2. gallinarum
was considered to be of a non=pathogenic nature. In 1936, Devolt and
Davis (6, p, 562) and Allen (1, ». 315=322) revorted on exneriments in
connection with the pathogenicity of P, gallinsrum, Devolt and Davis
reported as follows:
"In comnection with this phase of the problem, the writer
wishes to present the data that have accumulz=ted t0 date.
These show that trichomonads are qulite frequently associated
with both liver and cecal lesions with histomonads and some
cases have been recorded wherein the trichomonais were pre-
sent In large numbers without the histomonads. ...The
circumatantial evidence agalnst trichomoneds as possible
pathogena seems to be Increasing rether than diminishing at
the present time."

Allen indiczted in her experiments covering a period of six yesrs

that P. gallineyum is pathogenic in turkeys., In Missouri, McDougle and
Durant (8), in August 1946 reported that P. gallingrum affects turkeys



?
and may cause & mortality of 50 to 70 percent in birds 10 to 12 weeks

old.

Since the advent of these reports on FPentairichomonss and its
association with enterohepatitis, the role of P. gallinarym in causing
mortality in turkeys has been questionable. '

OBJECTS OF STUDY

Since there seems to be liitle, if any, agreement among the
autho'rities concerning the relationship of P. gallinerum to turkey
mortality, it became evident that investigations should he conducted
on this problem. At the present_time. some turkey growers znd feed
company field represcntatives in Utah distinguish between Pentatrigho-
moniasis and Histomoniasis mortality, while others lump the mortality
811 under the heading of "blackhead®. These individuals reporting Pen~
tatrichomoniasis as the cause of loss have used Allen's (2, p. 214=217)
description %o differentiate between fistomonag lesions and Pantetri-
ghomonas lesions (see pege 21).

8o far as 18 known, no investizations have been conducted in the_
state of Utah concerning the incidence or pathogenicity of Pentairi- :
chomonas gallinarum, and no définite information is at hamd in reference
to the relationship of P. gallinamum to Histomonags M‘. Pre-
liminary work showed that the incldence of infection of P. gallinarum
in Utah turkeys was probably quite high, but no exact figures were
available before this study was undertaken.

This study was undertaken with four objectives: (1) To obtain an
eccurate index of infection within s given locality; (2) to determine

i ‘}'t,
the degree of infection in selected flocks at various timesy; (3) to

check the virulence of various streins of Peptatrichomonss gallinarum
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from different localities within the state of Uteh; and (&) if posaible,

to determine the relationship of Pentgirichomonas type lesions %o Histo-

monas type lesions,
| 'METHODS OF PROCEDURE: S$tudies of Ineidence

Diagnostic methods. Infections with Pentatrichomonas gailinarum are
diagnosed by demonstrztion of the protozoen under the microscope. The

organiems normally localize in the ceca and'bnrsa of Fabricius and can
be readily observed if they are present. Exsminations for protozoa in
the c¢sca were made either by m;t&psy. in which case samples were taken
direcg.ly from the cecal contents, or by taking freshly passed cécal
droppings. Materisl from the bursa of Fabricius was obtained for exam-
ination from live birds by using a small curett to scrzpe the bursal wall.
A small 4dror of materisl t;o be examined was placed on a clean glase
slide, anﬁ one drov of normal saline was added. The material and saline
selutiem were thoroughly mixed and a coverslip placed over the sample.

The sample was immediately examined microscopically under low and medimm

.

powers. A
Ordfnarftly. the protozoan will be moving at such a rapid pace that

little can be discerned abont it except the general outline, shape, and
characteristic movement. %o count the flagella and to identify the in~-
ternal structures, the following procedure, worked out by Allen (2, p.
65), was used at various times:

*Two parts of » saturated solution of eosin in physiologieal
saline and 1 part of & 5 per cent solution of potassium
jodide in vphysiological saline saturated with fodine, were
mixed Just before using. Small amounts of cecal material
or culture fluid containing living trichomonads were mixed
with 1 drop of the stain and to this mixture was added 1
drop of 2 saturated solutiom of thymol in distilled vater.
This treatment extended and emvhasized the flagella.®

To supplement the sbove. diagnosis, derk field illumination was used
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in the laberatory at the beginning of the study. For field identifi-
cation, however, the location of the organism in the cecal contents and
cecal dropnings, characteristic movements, and presence of undulating
membrane were the criteria used for field identification.

The materisls used to conduet a field examination were as follows:
Slides, coverslins, normal saline solution, curette, small nleces of
wood (toothnicks or apniiecators), lens paper, microscope, and a towel or
cloth to wipe the dust off the microscope.

Information from the field examinstion was recorded on a form thag
was originated with the idea thot, over = veriod of years, an accumm=
lation of informmtion may be obtained that may shed light on this or
other problems of the protozoan diseases of turkeys.

The type of form used is as follows:

SURVEY OF TURKEY PROTOZOA

Date
‘Name of owner Place
Type of coop
Type of location
Kind of heating Kind of litter

Cleaning (times, kind, disinfectant used, etc.)

Size of flock fondition of floek

Previous sickness and mortality (cause and number)

Brooding: How long Conditions
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Ranget How long on range at time of examination
Trpe

Location

Other animals found in the same locality

Practices and sanitation

Miecroscopical findingst

Type of examination: TFecal Internal Autopsy

T —

Fumdber of birds examined: -

Fumber of birds positive for P. gall :
numerous feovw very feow,

FKumber, of birds positive for H. melesgridis:
numerous fow vory fev,

Number of birds positive for Hexamita:
numerous fow very few

Other protogoa: Kind
numbey of birds positive
numerous fow _ very few

Fumber of birds negative for protosgoa

Quliura) methods. Attempts were mede to concentrate the organisms be—
ing studied by inocnlating them into a cultural medium suitadle for

thelr growth and reproduction., Egg slants were prevzred in the follow-

ing manner as suggestnd by Morgan (10, p. 19) for Tritrichomonas foetus:

"Pour eges were washed, cleaned with alcohol, and broken
inte a sterile flask containing glass beads. Pifty cc.
of Locke's solution (see below) were added and the flask
shaken to make s good mixture. Teat tubes filled with
sbout 2 cc. (enough to produce slants from 1 to 1% inch
long after cosgulation by heat) were then slanted and
heated at 15 pounds pressure for 30 minutes.
+os The Rocke solution 4in the above medium is made as
follows: .




NaCl 9,0 grams.
CaCla~- 0.2 grems
KC1 - 0.4 grams
NaHCO% 0.3 grems
Glucoge 2.5 grams
Distilled water 1000 oe.

The original reaction of this medium varies from a pH of
7.2 t0 7.8 and requires no adjustment.¥

In an attempt to acquire a suitable culture medium, egz slants
prepared as above, were layered with various kinds of medié. The so-
lutions used consisted of a ome to one mixture of Locke's solution with
each of the following: Defidrinated horse's blood, defibrinated rabbit's
blood, defibrinsted turkey's blood, and horse's serum. Ringer's solu-
tion wae alQo tried in place of the Locke's solution in the above exper-
iments. In all cases, the cultural medium showed myriesds of becteris
after twenty-four hours but no protozoa. Attempts to prevent the growth
of the bscteria were msde by adding 5000 and 10,000 units of penicillin
toiééch 8l=nt; however, the culture media still showed overgrowth of
bacterla,

Allen (1, p. 315) gives directions for culturing the organism,
which she claims is very successful. The knowledge of this method was
acquired too lste in the experiment to be successfully attempted. This
method is included here for future reference because the original refer—
ence was not‘¥ead11y available. The method with which ehe acquired the
best results consisted of making egg slants sccording to Béeck and
Drbohlaveend ueing Locke's solution containing quinanil in the propersion
qf 1:10,000 as the liquid medium. Shé uged this solution . for eight to
ten transplants to free the medium from bacteria. The reduction of
bacteria made it possible for her to make transplents once a week ine
stead of every three or fouf dayse.

Attempts to 1solzte a pure culture were conducted using the WY#
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%tube, the "U' tube, and the petri dish merked with concentrie rings for

radial migration as given by Morgan (10, p. 12-16). However in all
attempts. the inoculatioﬁ media cﬁntained motile bacteria that prevented
getting a pure culture. These findings corroborated the statements of
Morgan (10, p. 13) in vwhich he states that if motile bacteria are pre-
sent or the flegellates appear measer or sluggish, attempts at isolation
are usually fruitless.

Incidence of Infection., A definite area was selected in an effort to
determine how meny birds within this area were infected with P, gpll=
iparum, The ares selected was in the Bear River Valley, and centered

in Tremonton, Uteh. This survey was conducted by visiting the flocks

in the srea selected and checking individuel birds, Ten birds were
selected at random from each flock and examined for protozoa. The ex-
sminations were made by examining cecal droppings and the exudate
scraped from the bursa of Fabricius, A samvle of only-ten birds from
each flock was probably inadequate to give anything but an approximate
incidence, but this number was convenient and enabled a wilder coversge
than would have been possible if larger s:mples were taken from each
flocﬁ.

The number of organisms in each samvle was not estimated because
of the extreme Aifficulty of making an asccurate count in the fleld;
however, there was an attempt to classify the number of nrotozoa rre-
sent in erch sam»le 28 to whether the protozoa were numerous, few, or
very few. This classification wes based on the following: When there
were more than four or .five individusls found in a low power (100X)
fiold.or two or more individuals found in a medium power (440X) field,

the sample was classified as numerous; when there were only one or
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two individusle in several low power fields or medium power fields, the
sammle was noted as few: and when tha¥e ware leés than ten individuals
found in the entire sammle, it wes classified zs very few.

Of all the flocks listed as being in the area, abont two-thirds of
the flock were included in the survey. The lack of time and knowledge
of the location of the remaining flocks prevented a complete céverago.

By the time the flocks were about sixteen weeks old, and had bsen
on the rance for an average of about eight or nine weeks, 2ll flocks
oexamined showed a high level of incidence of infection with P. gallin-
arume The survey resulted in a negative finding in only four per cent
of 211 birds examined. The data from thisrsurvey are summarized in
Table 1.

It should be pointed cut thet this survey wes mainly concerned
with P, gallinarum and wag not made to determine-all types of protozoan
infections., ¥rom Table 1, it is evident that there is little difference
in the percentzage of Infection in flocks on wheat stubble or 1f§fgated
alfalfa, the two most common tyves of'range ground utilized. Bir&é on
vheat stubble shoved 98,6 per cent infection, while those on irrigated
alfalfa showed 92.5 per cent infection which 18 not a significant Aiff-
erenc; according to Snedecor (13, v. 5). The main result is the high
incidence of B. gallinarum infections regardless of the tyve of range
used. |
Flock Studies. In an attemot to determine the degree of infection at
various ages, three flocks were selected for careful study. Thess
flocks were located a% Plymouth, ¥®ielding, and Garlasnd, Utsh. The
three flocks tﬁétiw.re selected for the study were examined at 3, &4, 5,

7. 10, 13, 16, and-iQ waeks of age., The various examinztions consisted

VUTAH STATE AGRICULTURAL COLLEGE
159656 ~ LIBRARY |
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of fecal and bursal examin-~tions, and included autopsy exsminations if

sick birds were encountered. The information from esch examin-ticn was

recorded on the form "Survey of turkey protozoa® as given on page 9.

Table 1. Incidence of infection with 2. gallinerum in turkeys of Bear
Valley, Utah,

gt
et Rt 2 A~ bt

o * T e A e e 2=
Flock Size Age Weeks Type No. of No. of birds Percent eof

of of on of Birds infected with Infection
Flock Plock Range Range Exam= P, Gallincrum
(vks) ined
Yum,1_ Few V.¥. 2Tot
1 500 18 10 whoag 10 9 1 0 10 1009
ath.
2 6000 18 10 Vheat 10 10 0 0 10 1004
sth.
3 2000 13 5 Wwheat 10 7 2 0 9 100%
l atb,.
kb 350 13 6 Irr, 10 9 1 0 10 1004
alf b
5 230 17 9 ¥heat 10 9 1 0 10 100%
R sth,
€ 250 17 9 Vheat 10 8 2 0 10 1008
stb.
7 350 19 11 Yheat 10 9 1 0 10 1004
. ﬂtbo
8 2200 17 9 Irr, 10 0 7 2 9 904
&lfc .
9 2000 17 9 Irr. 10 L 4 0 8 8¢
alf.
10 2300 17 9 Irr. 10 7 2 1 10 1004
. aL_g.
Aver, 130 16,6 _ 8.7 10 752 2.1 0,3 9,6 9o
1 Numberous
2 Yery few

3 theat stubble
i Irrigated slfelfs

The brief case history of each selected flock is as follows:
Tlock A+ This flock was hatched on April 1lst and arrived at the brooder
on April 3rd. The birde appeared in good condition and apparently had
no rough treatment. The brooder house was constructed of wood and hed

a oconcrete floor. The house was located nesr Flelding, Utah, on elay-

loam ground in a dry-farming section with no other farmstead within a




15

mile radius. Brooder hest was furnished by bottled gas and eosl cind-
ors were used as litter. Water was supplied from a deep well located
on the premises,

Previocus to the arrival of the poults, attempts to clean the
brooder house were carried out. Thie consisted of sweeping the house
and scraving off previous devosite of dirt., No disinfectant wae used,

The general practice of sanitation consisted of disinfecting the
waterers once o week and using wire screen under the fesders and
watarers.‘ Yo disinfecting of clothes, shoes, or equipment other then
the waterers was attemvted.

The brooder house was not rat or mouss-proof and sparrows had
access to the bullding. Other animals found in the immediste vieinity
were ground squirrels, dogs, meadow larks, pheasants, cows, and horses.

The first microscopical examinztion was conducted when the poults
wéro three weeks o0ld. Previous losses gmountad to approximztely fifty
birds from unspecified causes. Succeeding examinations were made at
two or three weck intervals until the birds were 19 weeks old. All
exzminrtions made before the seventh week showed no protszoa. The ex~
amination at the seventh week showed one bird positive for Qhilomastix.
The examination at the tenth week showed eight birds positive for 2,
gn;;;gg;gm,-two:birds positive for Histomopas, and two birds negative
for protosea. This examination was made when the birds had been on the
range for two weeks,

The examinations made during the tenth and thirteenth weeks were
- from d4ifferent units of the flock. By the sixteenth week, both unite

were combined and the examination was made from the whole flock,
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The degree ¢f infection with P. gallinarum after the tenth week

showed an inecresse until by the gixteenth week all ten birds exzmined
each-time were infected, -

The data from this flock in compérison with flocks B and C are
summarized 1n Figure 5, page 19.

Flock B. This flock was hatched on April 3rd and arrived at the
’bgbpder on April 5th. There were some apparently weak ponlts included
in the shipment and approximately 200 birds died the first week. The
poults were brooded in four separate buildings. Two were constructed
of wvood with concrete floors, one was made>of brick with a concrete
floor, and gha fourth was a double~car garage with concrete floor. Heat
for the first three brooders was furnished by bottled gas. Fuel oil was
used for heat in the remodeled garage. Cozl cinders were used for the
litter in all brooders. %he brooding houses were iocateq on well drained
‘sandy soil within the limits of Plymouth, Utah. V¥eter was from 2 ma~
nicipal water suvply. ‘

S8anitation procedures carried out before the arrival of the poults
consisted of seraping and gweeping out the houses, No azttempt was meade
to ﬁisinfagt brooders or other equivment. During the brooding peried,
practices of sanlitatlion were gener-1lly poor. Yo screens vere used under
the feedere or waterers, nor were they disinfected. The brooders were
not cleaned during the broodiﬁg period., ¥o disinfecting of shoes,
clothes, or equipment was attempted., Of the four houses only oﬁe was
constructed to prevent the entrance of rats, mice, or small birds.

Other animals found in the immediste vicinity were Jogs, cgts. horsesg,
cows, piga, sheep, and chickens,

The first microscopical examinztion was conducted when the voults



17

wore zbout two esnd one-half weeks old. The results were negative for
protozoa. Cumulative losses at this time amounted to approximetely
three hundred birds, anverently caused by voor hatching. The second
examinstion showed negative results for protozos, as did the third
:examination at five weeks.

In the two week interval between the fifth and seventh week, one
of the o0il brooder stoves developed a lesk and a large amount of the
litter around the'stove became saturated with fuel oil. Several birds
died and the owner reported that an sutopsy, verformed by himself, dis-
cloged that the birds crons were heavily loaded with oil scalted cinders.
The garage was immediately cleaned and pea gravel installed as litters
however, the birds contimued to die. The cause of death of thosé birds
that died after the brooder was cleaned waé diegnosed by the feed ocom=
pany representative a2 "blackhead". This diagnosis was not confirmed
by the writer.

The examinztion at the aevengh week was conducted on the dirds
brooded in the garage beceuse the other birds had been moved to the
range. The éxamination ineluded twelve fecal samples and one autopsy
examinstion. Results showed two birds positive for Qhilomastix zall-
Jpgrum, four birds positive for Eimeria, and seven birds negative for
pfotozoa. Fo P. zalline was found at this time.

The tenth week examinstion wes made in the unit where the owner
hed been having troudble with birds dying of infectious enterohepatitis.
The birde had been on the range for four weeks., All ten fecal exame
inetions were poeitive for P. gallinarum, The examinztions on the
thirteenth and sixteenth weeks were made from the other two units wlth

which the owner had experienced little trouble. All units of the flock
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wvore combined by the seventeenth week and the final examination was

taken from the single combined unit. The infectlion with B. gallinapmm
from the tenth until the nineteenth week ranged between fifty and one
hundred ver cent.

The data from this flock are compared with flock A and C in Figure

rd

3» pPege 19.
Tlack S« This flock arrived from the dbrooder cn April 7th in very good
condition. Only five birde were lost in the first two weeks. fhn
brooder house, located at Garland, Utah, was a wood frame building with
concrete floors. The building was on clay-loam ground with poor draine-
age. Heat was furnished by steam pipes. Cedar shavings were used as
litter.

Sanitation practices before the arrival of the poults conslsted of
cleaning and scraping the brooder house and disinfecting the houss and
equipment with lye water. The entire building was snrayeé with DDT.
After the poults arrived, the sanitation procedures consisted of using
a mild disinfectant in the drinking water and cleaning the waterers in
hot wa%er.and disinfocting them every other day. There wzs no disin-
fecting of shoes, c¢lothing, supplies, or other squivment. The construct-
1on:of the building enabled small birds, such as spsrrows, to gain en=
trance, but there was good protection against rats and mice, Other
animals found in the vicinity inciuded dogs, cats, and pigeons,

The firet examination at three weeks was negative for protozoa.
The second exsmination at four weeks showed one ﬁird positive for
Chilomastix. A% five weeks, two of ten birds were positive for Chilo-
magtix and at seven weeks, three of ten birds exemined were positive

for this organiem. The examination made at ten weeks disclesed two
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bi;&s positive for P, gallinagum and one positive for Eimeris. After
the tenth week the percentage of P, gallinerum infection went up until
at the sixteenth and ninetsenth weeks all ten birds examined wers in-

fected, «
The dsta from this flock are compered with flock A and B in Fig. S.
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Figure 5. Infection of P. &Li_:m in three selected flocks at varioua
age lavels.

Ofher Tyves of Drotosea Encountered. As has been previously recorded in
the flock histories and incidence af infection, protozoa other thsn P,
mwm encountered. These included Chilomastixz (possibly two

typei). Histomonas n_a_lw and Eimerie (sp.). The mumber of times
< 2ach of the above tyves was encountered 18 tabulated in Table 2. Phis

includes the findings in the flock studles and in the survey of the in-
cidence of infection.
In ons floek, there was encountered a type of protozoan which had

not been eeen before by the writer. This organism appeared t¢ be &
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Chilomastix but with some weriztion; however, this organism vas included

in the incidence of Chilomastix infection in Tsble 2. This nrotozoan vas
ostimted! to be about twenty microns long and eight or nine microns wide.
When the organism w=s oriented with the open section of the spiral groove
up, the groove ran anteriorly and to the left sbout to the medlan line.
The number of flsgella was not ascertained. The g;rganisug moved at a falr-
ly steaﬁ: rate of forward aévment with only occa.siénal rolling or turning.
Other tynes ~en§vuntered followed the discription given in standard
vorks on turkey diseases.

¥able 2. Incldence of Varima ty=es of ovrotozoz found while investizat-
ing infections of P. gzallinarum,

T e e et e et e

Protozoa ' : Number of times Percentage of examined
encountered birds infected :
.
Histomonas meleagridis - 8 2.66
' »
Chilomastix gallinarum 18 5.8¢
- Hexamita meleagridis ' 0 . 0.0% -
Bimeria {sp.) 5 ‘ 1.66

| _Trichomonas gallinae 0 0.0%

STUDIES OF PATHOGENICITY
To study the pathogenicity of various strains of B, @m.aﬂd
its relationship to Histomonas melesgridls in causing infectiocus enter—
chepatitis, inoculstion tests were cerried out over = period of elght
months. %These tests were made using strains of both P. gellinayum and

Histomonas melesgzridis, as well as the mivzed type of infection including
both of the above mentioned protozoa.
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Differentiation of legions. The differentiation of the varicus typee of

lesion supposedly ceused by E, &Em end H. meleagridis wss based on
Allent's {3, p. 214=217) description. She deseribed tﬁe maoroscopic liver
- lestons caused by P. gallingrum es gramular, cream-colored, necrotic areas
of irregulsr cutline. .Mse necrotic areas are level with, or ele‘véted
above, the snrfabo of the liver. The size of the lesions vary from the
size of a2 vin-point to a diemeter of throe—fonrths o.f an inch. They
appear to Vba eomnosed of clasély packed rice-shaped granules., She dee~
eribed the lesions of the liver that are caused by infections of E. melea~
£xidds as elightly depressed, necrotic areas from sevem-sixteenths to ons
inch in dismeter. They are generally circular, oream-colored lesions with
guite narrov borders enclosing web-like foﬁations of necrotic tissue.
For a comparison of W and Histomonas lesions see figures
6 and 7. | -
According to Allgn. the mixed tyve »o:t infection produces lesions
‘that appesr as large, ciroular areas with slightly elevated, granular
borders. The center of the necrotic ares is markedly depressed and in
some instances cream colored granules .are present.
Strain 1. In Jamuary, 1948, an examination was made on s flock of turkeys
at Marysvale, Piute County, Utah that had been suffering losses from un~
known causes. One bird, showing numerous pentatrichomonads in the ececal
droppings ami bursa of Tebricius, was selected for further transmission
and patkegeniclty studies, and was brought te the lsboratory. This bird
appeax;ed emaclated and had a large contusi;n over the right ribs. Yorce~
feoding by hand was necessitated in order to keep the bird alive unﬁl '
transmission of the infection conuld be accomplished. The bird died on

February 9, 1948. On examination all internal organs were apparently
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noraal pxeapt for one lung which was neerotic and nonfunctionsl, snd for

the presence of some enteritis in the lower porticn of the emall intestins.
The nicrueopical eXamination was positive for Trichomonas ﬁ_l_;m in the
crop and uppsr esophagus. W gellinarum was loreatad in the .
' upper portien of the large tntestine, in the ceca, and in the bursa of
Fabricius. ‘
On Jenmary 30, 1948, inoculations were made from this bimd into tws
 nine months 614 turkeys. The inoculate was ebtained by soraping the bar-
'sajl wall and mixing the sérapings vith normel saline. %Two ce. of the mix-
ture were injected inte each bird's bursa with & medicine dropper. ¥e P
Ballinerum was located in either bird defore the inoculation, but four |
days later both birds had nnm'mn’pontatrichonomda in fhc bursa. Esither
bird showsd wrmptms of sbnormalities up to the time they were anto-
paled ni fourteen months of apA. Periodic omum wvore positive far
'P. galliparum from the time of infection until the birds were killed.
‘Postmorten findings were negative for any msgroscopical pathologiesl ab-
nornallities, , | ‘ ) -- |
on J'nly 1, 1948, four eleven-week old poults wers each inoculated

rectally with ﬂ.ﬂ ce. of a ﬁix‘buﬂ mede by diluting one pert of cecal
droppings vith foar parts of normsl saline solution. These droppings

vere from the two birds that were inoculated i Jemmary. The imoculstions
were made by 'introdnei.ng the suspension into the rectum vitix_\a asedicine
dropper, Ne P, gallinarum was found in any of the four birds before the
{nosulations were made. After five dzys all four of ths birds were posi-
tive for P. Vellinam. Until these birds were nineteen-weeks old, me.
" symptoms of sbnormalities were observed., Oms bird developed perosis and
was ﬁillod. This peroeis was stiributed to keeping the birds for abous -
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twe weeks in & cage with insufficient vertical space. The autopsy on

’ thig bird failed to show any internsl lesions or abnormalities.
Stzalp 2. On June 13, 1948, an examinstion of a.flock of turkeys in the
vicinity of Tremonton, Utak, diselesed that many of the birds had Vdisd
from infectious enterchepatitis. At mm all of five birds had livers
vith typieal mixzed Bentatrighononss-Histomonas type of lesions sccording
to gi.n!n description. In an effort to stuly this condition further, s
sick bird tm this flock was brought to the laboratory. %This bird died
during the first day at the laboratory, A% sutopsy the liver had the
mixed type of lesion. The cecsl examinstion shoved many P. gallineyum,
but no histomonads were found.

To contimue this study eight nine-weeks old poults were inoculated
with infective material from this bird. Xour of the birds were each im-
oculated rectally with five cc. of a saline suspension of cecal econtents. -
The other four birds were each inmoculated rget#ily \rith. five cec. ef a‘ -
saline suspension of ground tissue from lim. lesiona. This suspension
 was made by Ming the liver lesions in a mortar and edding normsl ualin
solution. All rectal inoculstions were made v.:!.th & medicine drepper.
These inoculations were made on June 14, 1988, about thirty minutes after
the bird from which the infective material was takon.had died.

Of the eight birds, ths four inoculated with the suspension from
the !.l!.nr lesions showed no PB. galiingrum or H. melepgridis in cecal drop-
pings from the time of inoculatiom wntil they were nineteen wecks old when
examinations were discontinued, These negative results are probsbly the
result of placing the infcctin material from liver lesions into onlyA thn.
rectum. Santter, !1 gl, (13) were able to transmit enterchepatitis when
the infected liver suspensicn was inoculsted into the vieinity of the eecal
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epenings. Experiments conducted at Utsh State Agricultural College by

Henmond and Niner in 1950 (unpublished dsta) cerroberate gh:é.
‘ The four birds inoculated with the cecal suspension developed in-
fectlious enterohepatitis and died, One bird died on June 27, two on Jume

' 30, and the fourth on July 7, 1948, The bird that died on June 27 had
typical Histomonsg lesions in the 1iver. %There were many P gallinarum
and & few §, meleagridis in the ceca. Of the two birds that died on Jums
30, one had typieal Pentatrichomonas lesions in the liver; mleroscopiecal
examination displom many P, gallingrom in the ceca but no H. npeleagridis
wors found. Ths other bird hed typical Hisfomonas lesions in the liver;

. mﬁyﬁ.ﬁ%mt&ﬂh&ocmhﬁnoﬁ. pelegpgridis were lo-
cated. In doth omses microscopic examinations of the livers were negative
for any kind of protoszea. It is very dtffiéalt to demonstrate Histomongs
in the cecum and even more 8o in the liver and such negative results ave
not conslusive evidence of the =bsence .of Hiptomonas. mibird that dled
" on July 7 had lesions of the mixed infection tyve. Many P gallinarum
vere found in the esca, but no histomonads vere found,

Inoculation of four birds with cecal suspension taken from & dird
that had mixe&-t.ype of lesions in the liver neulied' in tvo birds having
&wtyp lesions, one bird having Psntatrichomonas-type lesions,
and one bird with the mixed-type of lesions,

The two birds which died on June 30 were selected for further study
because of the marked difference in the lesions. Twelve eleven-weeks old
birds vers selected to be inooulated. All inoculations vere made within
30 minutes after the bird from which the infective material was taken had
died. Rach of the twelve birds received a five cc. inoculation orally
and a five cc. inoculation rectally of a saline suspension of thes infect-

ive materiale
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From the dead bir& that had typical Pentatrichomonas lesions, thres
birds were inoculated with a saline suspension of cecal contents and thmo'
other birds were inmoculated with a saline suspension ‘of liver lesions Pre—
pared 28 in the previous inoculations. ‘ﬁn same procedure as in the pre—
ceding paragraph was used in inoculating six birds with infective material

~taken from the bird that had typical Histomopas lesions. | |

None of the six birds inoculated with material from the bird that
hod Histomonas lesions developed any clinical symptomse, although ths three
infected with the cecal suspension wers positive for E. m after
four days, whereas those inoculated with liver suspension were negative
for all protozoa. In the case of the six birds inoculated with material
from the bird having typleal Peniatrichomonss lesions, twe of the three
birde inoeculated with the cecal suspension died. One bird dled on July
19, 1948, and the post-mortem examination showed typical Pentatrichomonas
lesions, but no protosoa were found i.g tho. ceca. The second bird was &in
a morbid condition and was killed on July 21. This bird had typical
Pentatrichomchag lesions and many P. gallinarum were found 4in the ceeca
immediately after death. In a subsequent examination three hours after
the bird was killed no protozoa could be 1ocaté&. This may explain why
‘no protozoz were found during the examination of the previous bird that
died on July 19, which was axaninefl approximately four hours after i¢ .
dled, The third dird of this group developegl no clinical symptoms but
was found to be infected with Pentairichomonag five days after being in-
oculated. The thres birds that were inoculated using liver lesion sus~
pension from the bdbird having Pentatrichomonns lesions vwers negative rdr'

all protogoa and no symptoms of disease were noted.



The depth of the rectal inoculation was probably a factor in mzs
negative results in these experiments as in those conducted previcusly.
$traip 3. In an effort to éetemine more fully the relationship of Peg-
iatrichomonas lesioris and Histomonas lesions, another turkey from a
flock in the vicinity of Tremonten, Utah, vas acquired for mmfiatiaa'
stulles. This bird had typieal Fistomonas lesions st the time of autopay
on June 17, 1948. Inocculations vers made i;ttp eight nine-weeks 0ld poults.
Four were inoculated each with five cc. of saline cecal mspeﬁsion and
four each with five cc. of saline l;ver suspension. Of the four birds
inoculated with the saline cecal suspension, one dled on July 10, 1948,
Thie bird had Eistomonas lesions in the liver and many P. gallimarus vers
found in the ceca. "he other three birds had many P. lligsrum in thelr
cecel dvopping but showed no symptoms of disease., Examinations of the
cecal dreppings from the four birds inoculated wﬁh the saline liver sus~
penaion were negative for all types of protozos and showed no symptoms of
dlsease, | o
Strain 4. On July 8, 1948, an mvesiigafion was made of a fle;sk st Garland,
' Usah, which wae experiencing losses due o infectious enterchepatitis, Of
the four birds examined all hed Histomomas lesions in the liver. One sick
bird in which no profosoa were located in the droppings or in the cecal
contente at autopsy was used for further study. Four twelve—weeks old
poults wers each inoculated rectally with five cc. and orally with twe ec.
of a ﬁspemim made from ti:c cecal contente of the bird having Histomonas
liver lesioms, !hem‘ inoculations were made on July 8, léha, immedintely
after the bird from which the 1ne-cu.lat1ng material was taken had bean
Killed. On July 23, two of the birds died. Both birds had typical Pep-

. $atrichomonas lestons in the liver. Ome bird vhich had died twe or three
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hours before it was examined head a few, apparently desd, P. gallingrpg in

the seecsl contents. !hfretinr bird which was examinedl immediately after
death had numerous P. galligarum in the csca and intestine. No K. me)-
eauridis ves found iz either bird, %he other two birds developed ne
clinical symptoms but were positive fer F. gallinarus in their cecal drop—
pings four days aftsr deing inoculated.
In the foregoing tnoculation stuliss concerning strains 1, 2, 3, and
b, live proteses were found in the ceca for apprexinahlr thirty mimtes
after death emru& lmger periode resulted ia negative mierescople:
findings. In the exanination of liver lesions for protozes, one of the

*

contribating facters to the negative findinge may have been the methed -

- used in exsmining the lesicns. The exsmination oonsisted of meking a mer-
mal saline suspension of the Iiver lesion in a mortar and examining this
material under e microscops. If & warm stage had deen used it may have
resulted in pesitive findings.

| The mumber of days thet elapsed from the Sime & bird vas inoculated
until 1t ded varied in these experiments from thirtesn days to twenty-
three days with a mean of eighteen days. There was no apparent differencs
in the time elapsing from {noculetion until death when the infecting mater-

Histomenas, or mized-

hius taken frem a bird having F
type of liver lesiens. T

Tadle ). Cemparison of infections with P, zallinargm resulting from in-
oculetion of materisl taken frem liver leslions and from cvecal
contents. ; » C _

~
Al

Type of inoculab: Fumber of birds Namber of result- Peroent of in-
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mx. 4, T¥inds of lesions resulting from inseculations with material
frem turkeys with different type of liver lesions,

Original type - Fumber of birds FNumbsr of birds Type of lesions re-

of lesions furnishing in~ inoculated sulting
fective mpterial ,
Eist. Pents, Wixed
Histomonas 3 18 1l 2 0
Pantatrichamonss 1 12 o 2 b X
Mixed b § 8 2 by 3

Other Antopsy Findings, During the period of invasu@tion numsrous tur-
keys wore sent to the Yeterinary Scienm Dapartmnt. Utah State Agrieul-
taral College, for analysis of infectious enterchepatitis. In addition
to the regular analysis they were s2lso examined to determine the type of
“lesiens present in the liver, if any, and the kinds of protozos found in
the digestive tract. The results of these examinations are tabulated in
Table 5. |

Tadle 5. %Type of liver lesions in relation to vrotozoa found in the
cecum of turkeys dying of infeetioua enterohepatitis,

Rumber of birde Xind of protozos found Type of lesions found in

examined Ap _the cecum —the liver
8 Histomonas Histomonas
12 Pentatrichomonas Pentatrichamonas
4 Hist. and Pentatrich. Rixed
2 Rist. and Pentatrich. Histomonas
b Pentatrichomonas Histomonag
DISCUSSION

Turkey raising is big business, but the anminl death toll results
in a great economic loss. This loss amounts to about four million dollars
#ach year in the state of Utah. Protozoan diseases are one of the import~

ant agents of this lloss: hence, any work on the vrotozoan diseases that



vestigcations vere conducted (fig. 4.). Investigaters are not in agree-

may help in preventing these losses is important from an economis stg-
point, )

Pentatrichomonas sallinsrum wae reported from widely separated areas
of the United States (3, p. 64), and from every county in Utah where in-
"
ment as to the pathogenicity of P. galliparum. Some workere belleve that
the protozoan 1s entirely non—p~thogenie; 'others believe it causes in-

foectious enterchepatitis independently of, or in combimation with, Hip-
Somonss melessridls. |

The dlagnoeis of the infection was made by finding the protozean
1.n materiél taken from the turkey's digestive tract. Unsucessful attempts
involving seversl methods were m=de %o 1solate the profozoan and grow it
on egg slantsa, '

The ineldence of infection with P. galllperum in ten flocks from
thirteen to ninetesn weeks of age was ninety-six percent (96f). These
flocks wvere All located in the iear River Valley of Northsrn Dtah. There
was very little dlffeméo»in tla pércente.ga of infection in birds rang-
ing on alfalfa as compared $o that for birds on wheat stubble.' In thres
selected flocks examined at regular intervals,' the incidence of infect~
ion wves very low for the first gix veeks; howewer, after the sixth wesk
the percentage cf_ infection went up rapidly. expecially after the ﬂn&l
had been placed on the range. One discernible factor, as might be ex~
pected, was the type of procedure used in brooding. The flock with the
lmr standards of sanitation beceme infected with protozoa before the
other two flocks, ‘

Several other protozoa were encountered. They were: K. meles-

gridis, C. gallinerum, and Eimeria (sp).



In the inoenlation studies that were conducted several points suji—
od significant. ‘When cecal materials were used for inoc\;lating. ninety-
six persent (966) of the birds ineculsted beeame infected with P. gall-
inavum. Of the birds infected, hirty-nine percent (39%) developed
¢linical symtoms and died or were killed in a morbid condition. Howsver
no evidence. was found thet desth was the result of being infected with
P. gallinarum 1ns'tead of possible Higtoponas infections, Futher studies
are necessary before any definite conclusions can be drawn as te the -
nature of the difference in Pentsirichomonge lesions and Eigtomoges
inions. Zhere was no discernible difference ss to the virulence of the
diseass resulting with inocula from dirds with Pentatriehomones, Histo-
monesy or ni#d—type of liver lesion. Neither was there any consistant
production of the same type of liver lesions from a bird having a de—
finite type of liver.lesions when material from this bird was inoculated
into other birds. Ome preoblem that dmlo@d vas the inebility to get
positive infeetions with either oral or rectal inoculations when the im-

fective material was taken from liver lesions. However, as was poinﬁd.

. out other workers were sucessful in sequiring positive infections when

the liver material was inoculated rectally into the vieinity of the cecal

. eponlhgs instead of just inte the rectum as was the case in these experi-

ments. Yhe interval from the time of inocnlation until death resulted
from infectious enterohepatitis showed no consistant difference with -
reforanm to the typt of liver lesion used as the seures of the inoculate.
There was no svidence that P. gallinarum, per se, causes enterohepatitis.
Thess experiments, however, were very limited in scope and a wider
and more comprshensive study would have to be made before any daf.ix;itc

conclusions could or should bs made.
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SUMMARY '

1. Becsmse of the wide spread incldence of Wﬂl—
ipayum in turkeys and the lack of agreenent among investigztors coneern=
ing its effects on turkeys, studies were ceﬁductcd in 1948 at Logan, Utah,
on this protesean, )

2, In every county of Utah vhers examinations were conducted tur—

Keys were found infected with . galligarum.
| 3. The incidence of infection with P. gallinsrum among ten flocks
of turkeys from thirteen to #ipetm wesks in age was nlnetr-six per—
cent (96§). k _ |

4, ‘e percentage of infection with P. gallinarum went up ior;r‘
rapidly after the turkeys were placed on the range.

’ 5. There was no significant difference in the percentage of infect-
ion among flocks ranging on alfalfs as compared %o those flocks ranging
on wheat stubble. '-

6. One :ﬂock with a lower standard of sanitation was affected by
protézoa at an earlier age than two flocks in which there were better
sanitafion practices.

7. ¥hen cecal material from birds infected with infectious enter-
chepatitis was uud as the Mlating material, ninety-six percent {96f)
of twenty-four birde inoculated beceme infected with P. galliperum snd
thirty-nine percent (39%) of the infected birds developed infectiocus
enterchepatitis,

B.. ¥e infection with enierchepatitis was observed when a saline
suspension of liver hs’ioné frm birds inféctsd with this disense was
inoculated 1nto‘ the rectum or given orally. ﬁ'o’i- ‘were any infections

with P, gellinarum observed: when this material was used es the inmoculating
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medium,

9. There was no apparent evidence that a bird having Pengstrigho—-
ponag lesions in the liver had a more or less virulent infection then
birds having the Histomonas or aixed~type of lesions.

'10. There was no apparent svidence thzt liver lesions of a glven
type (Pentatrichomonas, Histomonss, or mixed) resulted consistently from
inoculations with material from turkeys having liver lesions of the same
tyve.
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