wnmmi>g

T

~\\

e

A COMPARATIVE STUDY OF COLTURAL MORPHOLOGICAL |
. AND SEROLOGICAL ASPECTS OF THREE
TRICHOMONAP SPECIES -

T~

( \E‘ﬁILIP B. KHOURY )

A THESIS
Submitted to the
AMERI CAN BNIVEBSITY OF BEIRUT

In partial fulfiliment of
the requirements for the
degree of

MASTER OF SCIENCE IN
TROPICAL HEALTH

September 1968

&
(=2
-—
=
=
o
o~




A COMPARATIVE STUDY OF CULTURAL NRPHOLOGICAL
AND SERQLOGICAL ASPECTS OF THREE
TRICHOMONAD SPECIES

By
PHILIP B. KHOURY

Approved: a/m p /M

Lorne E. Stephen: Professor of Trepical Health and
Protzeology. Adviser.

b M»g

William K. anleru Y t/ing Lecturer in’T ropical
Health. Co-Advisor.

C A

&.’Iy{n F. Schacher Associate Professor of Parasitolegy
and Tropical Health. Member of Committee.

M7 2%7/44\

George J. Frayha: Instructor in Tropical Health.
Mgmber of Committee.

~ )
¢ 2 4 «\@—-—Q—m

iilliam M. Bickers: Professor of Obstetrics and
' Gynecology. Member of Committee.

Date thesis is presented: September 30, 1968.




THREE TRICHOMONAD SPECIES

KHOURY




ACKNONLEDGEMENTS

This work was accomplished under the supervision and
guidance of Drs, L.E. Stephen and W.K. Lawlbr. to whom the writer is
deeply grateful, The continuems advice and encouragement of
Dr, J.F. Schacher are greatly appreciated.

Thanks are due to Drs. W.M. Bickers and E.A. Abuchdid, of
the Department of Obstetrics and Gymecology, for previding the
cultures of Trichomonas vaginalis which were used in the preliminary
work.

Thanks are also>dne to Dr. G.J. Frayha for his constructive
criticism and to Messrs, Mtanios Koussa and Jean Himo for their |
teehnical assistance,

The help of Mr. Shafik Balluz, Miss Siranoush Oknayan and

Miss Nairy Hamparian in the organization of the thesis is greatly

appreciated.




AN ABSTRACT OF THE THESIS OF

Philip B, Khoury for Master of Science in Trepical Health
Major: Parasitologz

Title: A comparative study of cultural merpholegical and
serological aspects of three trichomonad species.

Tritrichomonas feetus, Trichemenas gallinae and Trichomenas
vaginalis were used as parasite strains. They were empleyed in
evaluating four culture media: Feinberg's medium, Diamond's mediwm,
C.P.L.M. medium and fluid thioglycollate medium. Feinberg's medium
proved to be the best as evidenced by growth rate studies perfermed
en the trichomonads; T. gallinae exhibited highest multiplieatien
and T. vaginalis lowest.

Six staining methods, Chlorazol Black E, Heidenhain's iron
heuatexylin. Giemsa's stain, Wright's stain, Papanicolaeu's stain and
Best's Carmine, were evaluated for their ability to stain the
organelles of the trichomonads. Chlerazel Black E denanstrated hest
the nucleus and the cell membrane whereas Heidenhain®s iren
hematexylin and Wright's stain were the best to demenstrate the
organism as a whole,

Micro-agar-gel immunodiffusioen, direct precipitin and
agglutinin tests demonstrated the following:

1. Lyophilized trichemenad amntigens stimulated a higher antibedy
response than live ones,

2. Tr. foetus was a stronger antigen than T. gallinse which in its
turn was strenger than T. vaginalis.

3. Anti-T, gallinae sera contained more shared antibedies te T.
vaginalis than to Tr. foetus.

4. Anti-Tr. feetus sera contained more shared antibedies te T.
vaginalis than to T gallinae.

5. Anti-I. vaginalis sera centained more shared antibodies to Ir.
foetus than to T. gallinmse,

6. Natural smtibodies, agglutinins or precipitins te trichomonad
antigens were absent in normal rabbit-sera and in the sera of
three infected human patients and three infected pigeons tested.




7.  Seluble- or exo-antigens frem the three trichemonads were present
in culture media after separation of the cellular organisms by
centrifugation.

The three trichemonads are amtigenically related and they
have a "common entigenic peol™ which is probably gemeric in nature.
Only T. gallinae, by the use of absorption tests, was shown to have
a specific antigen which it does not share with Tr. feetus er I.

vaginalis.

Tr. feetus and T, vaginalis are almest serelogically
indistinguishahle.
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I. INTROBUCTION

Trichemonas Domné, 1837 and Tritrichemonas Kofoid, 1920 are

two protozean genera belonging to the family Trichomonadidae within
the order Trichemonadorida (Levine, 1961), MNembers of these genera
are mainly differentiated on the basis of the number of amterier
flagella present; members of Trichomenas pessess four anterior

flagella whereas members of the Tritrichomenas pessess three anterior

flagella,

For the last five decades, many workers havé been engaged
in studying the various species belonging to the above genera;
these workers were cencerned with the cultivation, morpholoegy,
physiolegy, histochemistry, pathegemicity, chemotherapy and
immunology of these erganisms. The main bulk of the work dene was
on the maintenance and cultivation of the parasites. Trichomeonas
vaginalis, has been cultivated in many differemt types of liquid
media, At first simple bacteriological media were used (Lynch, 1915,
fer exsmple)., Next more specific culture media were put ferward,
C.P.L.M, (dohnson and Trussell, 1943), simplified trypticase medium
(Kupferberg et al,, 1948), a casein hydrelysate-serum medium
(Lash, 1950) and Diamond's medium (Diamond, 1957). In addition te
culturing T. vaginalis, Diamend (Biamond; 1.¢.) established axenic

cultures of T. gallinarum, T. eberthi, T. gallinae, T. batrachorum,

T. foetus and T. hominis; all these grew at 35.5°C, except




T. gallinarum which grew better at 38.5°C. Feinberg and
Whittington (1957) devised a culture medium for T. vaginalis and
Candida, which was reperted as being "cheap, easy to prepare and
use, and keeps well™. McEntegart (1954) maintained in his

laboratery, I. vagimalis, T. feetus (Belfast), T. gallinae and

T, hominis. The first three species reached their peak of growth
about 18 te 20 heurs after ineeulatien; I, gallinae gave the highest
counts while T. vaginalis and T. hominis the lowest. Heonigberg
(1961) used BBL fluid thioglycollate medium for the maintenance of
three strains of T. gallinae and three strains ef T. vaginalis;
growth curves of these strains demonstrated that, unlike those of
T. gallinae, the strains of T. vaginalis exhibited growth rates
in vitre that were inversely proportional to their virulence in the
experimental hosts (mice). Recently, Samuels (1965) developed a serum-
free medium for the growth of axenic trichomonads: this medium
meets the requirements of: (1) absence of foreign protein for
immunelogic werk, (2) saving of serum cost and one operation, and
(3) less danger of contaminatien in handling™.

There have been few reperts of growth of T. vaginalis on
solid media. Wirtschafter (1954) described a culture overlay
method of maintaining T. vaginalis on slants for 20 or mere days.
Asmi' et al, (1955) described methods of growing the organism on media
inkPetri plates and also in stab cultures, Filadera and ©rsi (1958)
described methods of grewing the organism on the surface of media or
by a pour plate techmique. Ivey (1961) described a cenvenient pour

plate technique for ebtaining iselated clones of I. vaginalis; he




found that under anaerehic conditions clémes of the étganisns
develeped into celenies ranging frem.O.Z to 2.0 mm in size in abeut
five days; he found also that prolonged exposure of organisms to
oxygen and]er 25%C proved detrimental to clome develepment. Samuels
and Stouder (1960) grew I. yvaginalis, T. gallinae and T. gallinarum,

Pentatrichomonas hominis, and Tritrichemenas augusta, T. feetus,

and T, suis, in agar pour plates of C.P.L.M. and Diamond®s media;
they obtained visible colenies in twe te five days of partially
anaerobic incubation with added C8p, depending on the species used.
- Apart from using liquid and/or solid media, freezing was
used by many workers to maintain trichomenads. Weinman and
McAllister (1947) demonstrated that a number of pathogenic pretezea
would survive freezing agd thawing and could be stored‘in the
frozen siate without deterierating. Aﬁsngét these successfully
preserved were trypanosomes, leishmania and plasmedia. The
ebservations of these workers on trichemonads were limited to twe
species, T, vaginalis and T. hominis, both cultivated with bacteria
as»a nutrient. Of these T. vaginalis failed to survive at all and
T. hominis was preserved in a prepertion of the experiments only,
During an investigation into the survival of trichomemads at ~79°C
in the presence of glycerol (McEntegart, 1954) it was noticed that,
of four speeies tested (I, vagimalis, T. feetus, T, gallinae and

T. hominis), T. foetus was the only ene which failed te survive

freezing, The same observation was made independently by Joyner and

Bennett (1936) who observed that freezing to -79°C in the presence of

glycerel was a methed of destreying contaminating T, feetus in bull




semen, ©On the other hand Levine and Marquardt (1954) recerd that
the addition of five to ten percent glycerel enabled T. feoetus to
survive when frozem and stored at —7906.

Finally, Honigherg et al. (1965) were able to preserve
T. vaginalis and T. gallinse in liquid nitrogem in the presence of
dimethyl sulfoxide. They noted that the average survival rates of
the five strains oef T. vaginalis and of a single one of T, gallinae
were abeut 80 to 100 percent, after five to eight months of sterage
at -196°C.

Many studies have been made on the morphelogy of trichomonads
employing conventional protozoal staining techniques. Very few werkers,
however, have studied the value of various stains for selectively
demonstrating the varieus orgamelles. The merphology ef
T. vaginalis has been described in great detail, both from
stained specimens and frem living cells examined by phase contrast
microscopy. Bauer et al, (1959) studied the cytelogy of vaginal
smears using Papanicolaou®s staining technique (Papanicelaou, 1954).
They found that "a typical cell features, leﬁseﬁytio clusters, ground-
glass appearance, and the presence of long bacillary forms in
chains" were indicative of trichomoniasis infectien, but they did not
demonstrate the parasite with this technique. Hayes and Kotcher
(1960) examined specimens of vaginal secretions for I. vaginalis by
(1) wet preparation, (2) Papanicelaou's staining technique, (3)
culture in sedium thieglycollate, and (4) fluorescemt antibody
techniques. Of the 225 women examined.sé.ax. 40%, 13%. and 39.6%

were positive for I. vaqinalis by wet preparatien, culture in

w
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artificial medium, Papanicolaon’s stain and flmerescent antibedy,
techniques, respectively. Ciuc3 and Mihalache (1961) demonstrated
that dead parasites stained with 1:1,000 solution of methylene

blue but none of the living trichomonads toek up the stain. Thin
air-dried Irichomenas smears were satisfactorily stained for four

to five minutes with Gentian violet, basic fuchsin, methylene blue,
alcohol and physiological saline by Zhuravskii (1962). MNandal et al.
(1963) stained I. foetus smears, after fixation by osmic acid vapour
bringing out all the morphelogical details, Jemsen and Hammond
(1964) used Bodian's technique (Honigberg and Davenport, 1934),
Heidenhain's iron hematoxylin (Kude, 1954) and a Giemsa stainming
method for bleod smears (Kudo, 1.c.), te study the morpholegy of
trichomenads and related flagellates from the bovine digestive tract.
Recently, the structure of I. vaginalis was described mere fully by
Honigberg and King (1965) by studying 12 strains of the species

on the basis of observations of living material with the aid of phase
contrast amd fixed preparations stained with iron hematexylin (or
hematein), and pretargel. Amies and Garabedian (1965) used fixative
slides- slides dipped in a solution of mercuric chloride and sucrese
in 30% aleohol and allowed to dry - for the diagnesis of T. yaginalis.
Their stained smears demonsirated the nucleus, flagella and
cytoplasm of the trichomonads which was satisfactory for diagnestic
purposes, but other morpholegical details were net clearly shown.
Leishman®s stain was used by Lowe (1963), for the detection of

T. vaginalis; this stain satisfactorily demenstrated the flagella

and axestyle.
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The fine structure of T. vaginalis was studied by Inoki
et al. (1960) who desoribed electron micrographs of cytoplasmic
inclusions, including axostyle, Gelgi apparatus, endeplasnid
reticulum and granules. They pointed out that there were
ne mitochondria amd related this fact to the anaerobic environment
of these organisms. Other workers have described mitochondria
in related organisms such as Iritrichomonas (Anderson and
Beames, 1959), and T. criceti (Chakraborty et al., 1961) albeit
none was found in g;Jiégggg (Simpsen and White, 1964). Smith and
Stewart (1966) by taking electron micrographs of thin sections of
osmium-and glutaraldehyde-fixed TI. vaginalis cells, showed details
of the blepharoplast region, axestyle, costa, parabasal bedy,
endoplasmic reticulum, and chrematic granules; paracostal amd
paraaxestylar granules had identical fine structure devoid of
internal membranes.

Immunological and serological aspects of trichomenads have
not been thoroughly investigated due to the fact that mamy early
workers found these organisms to be peor amtigens., Micreagglutination
experiments, however, performed by Trussell (1946) indicated that
T. vaginalis stimulated the production of antibedies in ineculated
rabbits. Sanborn (1955) using microagglutination tests also found |
that T. feetus differed serologically from the large pig caecal
trichomenad, I;‘ggig. and trichomonads isolated from pig nasal
passages. Macdonald and Tatum (1948) investigated the serelogical

relationships of three species of trichomenads, TI. foetus, T.

vaginalis, and T, hominis. In their investigatien, the immune rabbit




serum produced by the intravenous injection of formolized suspemsions
of protozoa was tested in two ways; (a) by ebserving the agglutination
of similar killed suspensions, and (b) by the "agglomeration™ of
living suspensiens of the test strains. As a result of their
experiments, these workers cencluded that T. foetus was antigenically
related to but distinctly different from T. vaginalis and T. heminis;
they considered the latter two to be antigenically identical.
Menolasine and Hartman (1954) compared T. foetus and T. vaginalis,
enly. They used twe different types of antigen te prepare immune
rabbit sera; the first was a lysate of trichomonads frem which all
cellular debris had been removed and the second the cell residue
recovered after lysis. Tests for antibody were carried out by
observing microscopically the action of serial dilutiens of serum
on suspensions of living protozea. These workers concluded that T.
foetus and T. vaginalis were antigenically indistinguishable.
McEntegart (1956) found that T. foetus var. Belfast and T. foetus
var. Manley were serologically distinct.

It was not until 1960, that Robertson (1960) empleyed
precipitin and gel-diffusion tests in Quchterlony plates when
she studied the antigens of T, foetus isolated frem bovine
and swine sources; she found that T. foetus var. Belfast and T.
foetus var. Manley were serologically distinct, but cencluded that
"seralogical distinctions de not justify the separation of the
bovine and the swine strains into two species". Recently, Johnson

(1967) using micro-gel-diffusion methods (Crewle, 1961) compared six

strains of T. foetus and found that they had at least four antigens
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in commen.

In the light of the above review of the literature, it was

decided to investigate the follewing aspects:

1.

To use Trichomonas vaginalis, Irichomonas gallinae, and
Tritrichemonas feetus as the parasite strains.

To evaluate four culture media, Feinberg's (Feinberg
and Whittingten, 1957), C.P.L.M. (Johnsen and Trussell,
1943), Diamond's (Biamond, 1957), and fluid
thieglycellate, by using them in the growth rate
studies performed on the three species.

To evaluate six staining methods, Chlorazel Black E
(Gleason and Healy, 1965), Heidenhain's iron hematoxylin
(Kudo, 1954), Giemsa's stain (Shute, 1966), Wright's
stain, Papanicolaou®s stain (Papanicelaou, 1954), and
Best's Carmine (Asami and Nakamura, 1955) for their
ability to stain the differemt organelles of the
trichomonads.

To cempare serologically the three trichomonads using a
micre-agar-gel immunediffusien technique (Crowle, 1958,
1961), precipitin and agglutination tests (Martin and

Durham, 1943), and absorption tests.




II. MATERTALS AND METHODS

Parasite Strains

Three trichomonad species were employed: Trichomenas

gallinge (Rivolta, 1878) Stabler, 1938, was cultured frem crop
washings of locally obtained pigeons; the strain of Tritrichemenas
foetns (Riedmilller, 1928) Wenrich and Bmmerson, 1933, used was
received from A.W. Rule, John Wyeth and Brothers Ltd., Havant:
Hants., England. Trichomonas vaginalis Donné, 1836, was collected
and cultuied from three patients, suffering from trichomonad
vaginitis and leukerrhea, seem in the Outpatient Department of the
American Hnivérsity Hospital, Beirut.

| Samples of blood were cellected from the infected patients
and the infected pigeons to test for the existence of natural
antibodies. For control experiments bleood was collected from non-
infected hosts. The blood was allowed te clot and the serum was
separated by centrifugation. All sera were refrigerated at 4°C,

until used.
Culture Media

Four different media were used to culture the parasites.

f5 ]
Cultures were incubated at 34%- to 38 -C.

1. Diamond's Medium (Dismond, 1957). The agar was omitted
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from the medium and the pH was adjusted to 5.8 to 6.3
for T. vaginalis and to 6.8 to 7.2 for I, gallinae and
Ir. :feeyt:yz:s. After auteclaving for 15 minutes at 15
pounds pressure, the medium was ceoled to 5600. and 10%
inactivated horse or calf serum, potassium G, 1 X lOé
units per litre, and 5 X 165 units of streptemyecin
sulfate per litre, were added.

C.P.L.M. (cysteine - peptone - liver - maltose) Medium
(Trussell, 1946). After filtratien 0.7 ml of 5%
methylene blue solution was added per litre; the pH

was adjusted to 6.0 for T, vaginalis, and te 7.0 for
T. gallirae and Tr. foetus.

Feinberg's Medium (Feinberg and Whittingten, 19537).
Proteolyzed livrer1 25.0 g, sodium chloride 6.5 g, and
dextrose 5.0 g, were dissoelved in 1,000.0 ml of distilled
water. Instead of adding 80.0 ml of inactivated horse
serum and then sterilizing the mixture by Seitz
filtration, the mixture was sterilized in the auteclave
for 10 minutes at 15 pounds pressure, cooled to 48°C and
then 80.0 ml of sterile inactivated calf serum were
added. The pH of this medium was adjusted to 6.4 for
growth of T. vaginalis, and pH 7.0 for T. gallinae and
Tr. foetms. Initially, 1 X 10% units of penicillin and

5 X 109 units of streptomyein were added per litre; after

1.

Liver Digest. ©Oxoid Limited. London, S.E.1.
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several subeultures had been achieved, antibietics were
discontinued.

4. Fluid Thjeglycollate«lediuu;. The pH of this medium
was adjusted to 6.0 for T, vaginalis, amd 6.8 for T.
gallinae and Tr._ foetus. Five percent (vol/vel)
inactivated calf serum, pemicillin (1 X 106 units), and
streptomyecin (5 X 195 units) were added after the

auteclaved medium had been allowed to cool.

Grewth Rate Studies

The three trichomonad species were cultured in each of the
above-mentioned media, and their growth rates,were.determined.hy
making 4~hourly counts over a period of 36 hours empleying a

Neubauer-Levy hemocytometer counting chamber.

Maintenance and Bulk Growth of the Strains

1. Tube Growth: Ten ml of medium was inoculated with 0.5 ml
of an actively growing culture, incubated at 35°- to 37°-C
and subcultured daily.

2. Bualk Growth: Ehrlemmeyer flasks containing 30 ml, 100 ml,
400 ml or three litres of medium were used. The
necessary inoculum was obtained by sucocessive 24-hours
subcultures in 10 ml, 30 ml, and 100 ml of medium, The
medivm in each case was warmed in the incubater for

three to five hours prior to ineculation.

1, Bactoe. BDifco Laberateries.




12

Staining

To ensure that the cultures of each of the three trichomonad
species were accurately identified, thelr merphelogy was exsmined
in stained preparations under the microscope. For this purpese,
the following staining methods were employed te find the most
satisfactory technique.

1. Chlorazel Black E prepared by the methed of Gleason

and Healy (1965).

2. Heidenhain's Iren Hematexylin (Kude, 1954).

3. a. Giemsa's Stain. Smear's were stained as described
by Shute (1966) fer blood smears, except that
sterile inactivated serum (1:9; serum:sample) was
added to the culture aliquot prior te making smears.

b. Wright's Stain. The same technique as used in
3. a. abeve, except that Wright's Stain was
substituted for Giemsa's stain.

4. Papanicolaou’s Staining Method (Papanicolaeu, 1954).

Wet films were fixed in a 1:1 selution of 95% ethanol:
ethyl ether.

5. Best's Carmine (Asami and Nakamura, 1955). Dried smears

were fixed in 95% ethanol befere staining.

Antigen Preparation

Live Antigen
Trichomonads were collected frem bulk cultures by

centrifugation at 0°¢C at 2,000 rpm for tem minutes, discarding the
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supernatant, and washing four times in physielegical saline by
repeated resaspension and centrifugation. After the final

centrifugation the organisms were resuspended in physielégieél

e’_ -

saline and the numbers determined by counting a measuved anonat 7

y

in a Neubauer-Levy hemocytometer. Samples were then adyﬂstédﬂtg‘ } -
furnish a suspension containing 75 millien organisns of T vag}nalig
per m1, 50 million of T. gallinae per ml and 30 million of Ir. -
feetus per ml, Live antigens of all three species were thereby

adjusted te contain 1,5 mg of protein per ml.

Lyephilized Antigen

arganisns'uete grown and treated as abeve except that after
ceunting and adjustment of numbers of organisms, samples were
centrifuged, the organisms were resuspended in a small quantity of
distilled water, and were then lyephilized using a Freeze-Mebile,
YirTis. Samples were then stored in the refrigerator at 4°c. Before
injection int; rabbits, each of the lyophilized antigens was diluted
with physiological saline to contain a standard 1,5 mg pretein per
ml of selution.

Nitrogen content of lyephilized material was determined by
the micro~Kjeldahl method, using the technique of Dr. L.E. Stephen
(personal communication) and the distillation apparatus of Markham

Preparation ef Antisera

Six male rabbits, twe for every trichomeonad species, of

approximately the same age and weight, were used for antibody
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production. After being bled for contrel sermm-samples, rabbits

I, ITI, and V were injected with lyophilyzed Tr. foetus, T. gallinae
and T. vaginalis antigens, respectively. Eive antigens of Tr.
foetus, T. gallinae and T, vaginalis, were injected into rabbits

II, IV, and VI, respectively.

The schedule of injections was modified slightly from that
outlined by Kabat and Mayer (1964). Injections were given on
alternate days. Each rabbit was given three injections of 1 ml,
three injections of 1.5 ml, four injections of 2 ml, four injections
of 3 ml and three injections of 5 ml. The first injection of each
series was given intraperitoneally; the remining injectiens
intravenously. Animals were bled by cardiac puncture five and

seven days after the last immunizing injection.

Micre-Agar-Gel Immunediffusion Tests

The method used was that of Crowle (1958); 0.25% sodium
azide was added to the agar te prevent bacterial growth. Tests
were perfo:ned on 2- X 3- inch glass slides. Two parallel double
layers of waterproef plastic electrician's tape (0.1 mm thick) was
placed 5.5 cm apart along the wide edges of the slide supperting
the template, which was made from 5 mm P‘IexiglasR stock. Each
template had a pair of identical well arrangements permitting twe
tests to be performed simultaneously. Every well arrangement
consisted of a central well and six peripheral ones encireling it.

Each of the peripheral wells was 6.0 mm away from the central well

and the same lateral distance from its neighbour., The six peripheral
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wells centained the various antigens (three live antigens and three
lyephilized ones) while the central wells held the various antisera.
Reactions were allewed to develop in & moist chamber for two té five
dajs at reom temperature. Recipreocally, cross-matched antigéns and
antibodies reacted simultaneously in order to comtrel as many
variables as possible,

At the end of the reactien period, the slides were soaked
overnight in phpsphaté buffered saline at pH 7.4 te remave
precipitated proteins. They were then placed inte distilled water
for ten minutes, transferred to 1% acetic acid for tem minutes for
fixation of precipitin bands and then, stained for preteins, pely-
saccharides and lipids.

Precipitin bands were stained for lipids by Sudan
Black B and 0il Red O, and Nile Blue A (Crowle, 1961).
Polysaccharides were stained by Schiff Reagent (Crewle, 1961) .
Alcian Blue (Heremans and Vaerman, 1958), Mayer's Mucicarmine
and Basic Fuchsin‘(Bfgrklund, 1954). Proteins were demonstrated
by Thiazine Red R (Crowle, 1958), Corcein Scarlet MOO (Crowle, 1956),
Amidoschwarz (Uriel, 1958), Azecarmine B (Kehn, 1957), Nigresin
(Kohn, 1958), Bremephenol Blue (Hayward and Augustin, 1957), and a
stain composed ef the following: 0.1 g Azocarmine B, 0.1 g Light
Green SF;:Q.I g Naphthalene Black 10 B, 2.0 g glacial acetic acid
and 0.1 g mereuric chloride, in 100 ml of distilled water; fer best
results the slides were kept in the staining bath for 15 to 20
minutes, and the precipitin bands were differentiated in several

changes of EX’aeetie acid solution (L.E. Stephen, personal
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copmunicatien).

After staining, the gel on the slides was allowed to dry at
room temperature to form a thin adherent film of dried stained gel
on the glass. The precipitin bands were photographed by using the

stained gel as a negative over phetegraphic paper.

Direct Precipitin and Agglutinin Tests

The methed used was that of Martin and Durham (1943).
Before the tests were performed, both sera and recomstituted
lyephilized antigen solutions were centrifuged thoroughly te remove
any pirticniate matter. Lyephilized and live antigens of the three
specigs were dissolved or suspended in normal saline to give a final
concentration of 3.2 mg protein per ml. Serial double dilutions of
this stock solution were made to give a series of final antigen
concentrations ranging from 1.600 mg protein per ml to 0.00078125 mg
protein per ml after mixing with equal parts of the varieus serum
dilutions. The serial double serum dilutions, prepared in the same
way gave final concentrations ranging frem 1:1 to 1:128.

The tests were performed by mixing 0.5 ml quantities ef
the varioms antigens with the various antisera. The mixtures were
shaken a few times and examined for precipitation or agglutination

after standing for two hours at room temperature or at 37°C.

Absorptien Tests

Each of the anti-Trichomenas spp.-live-antigen sera and the

anti-Trichomonas spp.-lyophilized-antigen sera, was absorbed with
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its hetereologous live and lyophilized antigens, respectively. In
each case, 0.1 ml amounts of antigen of each heterelegous species
were added to 2 ml of antiserum until no further precipitate was ’
detected. The precipitate was allowed to form for two hours at
room temperature or 37%C, then at 4% overnight, between additioms
of the antigen. The supernatant was tested by micro-agar-gel
diffusion method (Crowle, 1958) against the amtiserum's respective
specific antigen. Sera and lyophilized antigens were centrifuged
thoroughly before use. Normal sera versus each antigen and,after

removal of trichemonads, culture media versus each antiserum, were

tested as controls.




ITI. RESULTS

Gulture Media and Growth Rate Studies

From the growth rate studies performed, it was found that the
ihree species exhibited highest multiplication in Feinberg®s medium
(Figure 1) and lowest multiplication in fluid thioglycollate medium
(Figure 4). In C.P.L.N. medium Tr. foetus exhibited higher
multiplication than T. gallinae and T. vaginalis (Figure 3). I.
gallinae géve the highest counts in three of the media namely
Feinberg's, Diamend's and fluid thioglycollate, when measured at the
highest growth point - 20 hours after inoculation - of the three
species (Figures 1, 2, and 4), while T. vaginalis exhibited the

lowest counts in all of the four media (Figures 1 to 4).

Staining

Table 1 shows that the nucleus snd the cell membrane were
stained quite sharply with chlorazol Black E, Giemsa's stain,
Iright's stain and Hgiden;ain's iron hematoxylin. The flagella and
undulating membranes were stained best with Giemsa's and Wright's _
stains, but were faintly stained with Best's Carmine. The axéstyle
was most satisfactorily stained with Wright's stain while the cestsm
and the parabasal body with Heidenhain's iron hematoxylin. Best's
Carmine and Papanicolaou's stain did not stain the costa or the

parabasal bedy.

18
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Micro-Agar-Gel Immunediffusien Tests

Ir. foetus, T. gallinde and T. vaginalis antigens diffasgd
againgt their reSpebtive rabbit anti-lyophilized-antigen sera to
give eight to eleven lines (Figure 5), seven te nine lines (Figures
7 and 11) and four to six lines (Figure 9), while they diffused
against their respective anti-live-antigen sera to give four to
seven lines (Figure 6), three to four lines (Figure 8), and ome te
two lines (Figure 10). T. gallinse and Tr. foetus diffused against
anti- T. gallinae- lyophilized-antigen serum (TgDAs) to give three
lines of identity (Figure 11), while T. gallinae and T. vaginalis
diffused against the smme antibody to give six lines of identity
(Figure 7). Reference to Figure 5 shows that Tr. foetus and T.
vaginalis diffused against anti-Tr. feetus-lyophilized-antigen
serum (TfDAs) to give five lines of identity while Tr. foetus and
I, gallinae gave two lines of identity. Finmally, when T. vaginalis
and Tr. feetus diffused against anti-T. vaginalis-lyophilized-
antigen serum (TvDAs), five lines of identéty formed whereas when
I. vaginalis;andkzé gallinge were tested against TvDAs, three lines
of identity formed (Figure 9).

Feinberg's culture media, from which the trichomonads had
been separated were tested in duplicate against the various rabbit
astigera in order te detgr‘line'nhetker the antigen had contained any
ab;orhed‘nedia;’ne precipitin lines were detected. On the other
hand when these media were injected, as antigens, into rabbits and

antisera produced were separated and tested against these antigens

£




Figure

Figure

3

f}ﬂ

Wicrs-agar-gel immunodiffusion of
the varicus trichomonad antigens
{peripherai wells) versus TIDas
{central welll.

Micro-agar-gel immuncdiffusion of
the various trichomenad apiigens
{peripheral wells) versus TfLds
{central welll,




Figure 7.

Figure 8,

WBicro-agar-gel immunodiffusion of
the various trichomonad antigens
{peripheral wells} versus TgDés
{eentral welll.

Hioro-agar-gel immunodiffusion of
the various trichomonad antigens
fpervipheral wells) versus TgLds
{central welll.

[

[




Figure 9,

Figure 10,

Figure 11,

Misro-agar-gel immunodiffusion of
the varlous trichomonsd antigens
{peripheral wells} versus Tvidds
{oentral welll.

Wiero-agar-gel lmpunodiffusion of
the various trichomonad antigens
{peripheral wells}) versus TvLds
{central welll,

Wicro-agar-gel immunodiffusion of
the various trichomonad antigens
{peripheral wells) versus Tghds
{ventral welll,




and the lyophilized antigens of the three trichomonads, precipitin
bands were ebserved very distinetly (Figures 12, 13, and 14).

Each of the antigen preparations was tested in duplicate
against the rabbit sera collected before the immunization schednie.
Wo precipitin bands formed in the gels.

The sera collected from the patients with trichemenad
vaginitis and from pigeons infected with I. gallinae and also centrol
sera collected from non-infected patients and pigeens, showed no
precipitin band formation when tested against the different antigen
preparations.

The érecipitin bands stained markedly for proteins but were

negative te the stains for pelysaccharides and lipids.

Direct Precipitin and Agglutinin Tests

The results of these tests, exemplified in Tables 2 and 3,
areirecorded as + (precipitate or agglutinate) or - (nme precipitate
or no agglutinate); no differentiation being made as to the degree
of floceulation or turbidity.

Antibedy titration values (Table 4) were calculated as
suggested by Marrack and Smith (1931) who took fhe unit of antibodies
to represent the amount of amtibodies equivalent to one microgram of
antigen, The values are expressed in units per ml of undiluted serum.

Reference to Table 4, shows that TfDAs gave antibody titratiom
values of 400 units per ml of undiluted serum when titrated against
Tr. foetws, while TgDAs and TvBAs, gave values of 200 and 100 units

per ml of undiluted serum, against T. gallinae and T. vaginalis,
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respectively. However, anti-Tr. foetus-live-antigen serum (TfLAs),
anti-T, gallinse-live-antigen serum (TgLAs) and anti-T. vaginalis-
live-antigen serum (TviAs), gave antibody titration values of 100,

50, and 25 units per ml of undiluted serum, whem titrated against

Tr. foetus, T. gallinae and T. vaginalis, respectively. Antibedy
titration values eof 100 units per ml of undiluted serum resulted

when TgDAs and TfDAs were titrated against T. vaginalis and when
TvDAs was titrated against Tr. foetus; while values of 25 units per
ml of ,uméil:ted serum were ebtained when T{DAs ﬁd TvBAs were titrated
against T. gallinse amd when TgDAs was titrated against Ir. feetus.

Ne };,reeipit‘atien or agglmtinatioen occurred in the c‘ohtrel tests
run by t.ie,ti,t'ratian of ,Eeinbérg's cuiture media from which the
trichemennds ,‘kad}'heen separated and the rabbits' sera cellected
before challenging the latter with the varioms antigens, against live
and lyophilized antigens of the three species. Also, no precipitatien
or agglutination was detected when sera from infected patients and
pigeens were titrated against live and lyophilized antigens of Tr.
foetus, T. gallinae and T. vaginalis.

Absorption Tests ¢

After absorption with T. vaginalis and Ir. feetus live antigens
(TvL and TfL), TgLAs diffused against T. gallinae live antigen (TgL)
to give one precipitin band (Figure 15). A similar precipitin band
(Figure 16) was formed when TgDAs was tested against T. gallinae

lyophilized antigen (TgB) after its sbsorption with T. vaginalis and

Tr. foetus lyophilized antigens (TvD and TfD). No precipitin bands







were formed when TvLAs or TvDAs were tested against TvL or TvD
after absorption with TgL or TgD and with TfL or TfB, nor were any

precipitin bands formed whemn TfLAs or TfDAs were tested against

TfL or TfD after abserption with TgL or TgD amd TvL or Tvh.




IV. DISCUSSION

It is obvious from the grewth rate studies performed on the
trichomonads, that of the four media used, namely Feinberg's medium,
Diamond's mediwm, C.P.L.N. medium, and fluid thioglycellate medium:
Feinberg's medim, followed by Digmond’s mediwm, preved to be most
satisfictery.:'lﬁihnth of these media T. gallinae Agnve the highest
counts and z;,vgggnilis the lewest. @ptimum growth was reached in
each of the artificial medin-at 20 heurs after imoculation. These
findings mprtleﬁxtegm's work (McEntegart, 1954); he studied the
growth cf':; ygggxtiix,'!;,faetus (Belfast) and T. gg;linie without

bacteria, and T. heminis with a mixed bacterial flora. All bacteria-

free cultures were grown in a slight medification of a medimm
described by Feinberg (Feinberg, 1953). McEntegart fanndéthat the
strains growing without bacteria reached their peak of gréwth about
18 to 20 hours after inoculation and that at the height of growth, T.
gallinae gave the highest counts and T. vaginalis the lowest.

Since the trichomonads showed a precipitous drep of grewth
28 hours after inoculation into artificial media and a st&ep rise of
growth at 16 hours after inoculation into clean media, it seemed most
practical to subculture and harvest the organisms betneen‘lé and 28
hours after inoculation; 20 hours being the eptimal time. -

Six staining methods for the selective demonstration of the

various erganelles of the trichemenads and consequently for the rapid

39
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identification of species were tried. It was found that Chlorézol
Black E, Giemsa's stain, Wright's stain and Heidenhain's iren
hematoxylin, were the bést to sharply demonstrate the cell membrane
and the nuclens. Giemsa's and Wright's stains were best for
staining the flagella and the undulating membrane. The axestyle
was stained best with Wright's stain while the costa and the
parabasal body, with Heidenhain's iron hematoxylin. The costa and
the parabasal bedy were not stained by»Best's Carmine and
Papanieela@a‘s staining methed.

The present results indicate that for the accurate
identificatien of the trichemenads as a whele, Heidenhain's iron
hematoxylin and Wright's stain are the best. These are folleowed by
Giemsa's stain. Chlorazel Blaek E may be used selectively teo
demonstrate accurately the cell membrane and the‘nuclens. while
Papanieolaou's stain and Best's Carmine are of use\enlf for
demenstrating the presence of the parasite.

Trichomonads may alse be compared by serological techniqués.
Since they are often endoparasites it is of interest te study their
relative gbilities to act as antigens with consequent preduction of
specific antibedy. Many workers in the field of parasitelegy and
immunology have tried to evaluate different antigenic forms of the
parasite. Trussell (1946) demonstrated that high titer antisera are
produced when live organisms (I. vaginalis) were injected into rabbits.
In differentiating between live and lyophilized antigens, Samuels and

Chun-hoon (1964) found that a higher antibody titer was stimulated

by live orgamisms (Tritrichemenas auqusta) than by lyephilized
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organisms. Reference te tke’sereleqic.a'l results obtained in this
study of the three trichomonads, namely Tr. foetus, I. gallinse and
T. vaginalis, it was found that antisera to the lyophilized
organisms gave a greater mumber of precipitin lines than antisera te
the live erganisms when tested against their respective antigens.
There was alse evidence that tﬁis form of the antigen stimulated a
higher antibedy fespanse;» this fact was supperted by the direct
precipitin and agglutinin tests, which shewed that amtibedy content
of antisera te lyesphilized ant,igens was greater tham that to amti-
live-antigen ;s,era‘. Frem the number of precipitin lines and antibody
titration values, Tr. foetus was shown to produce higher antibody thanm
I. guiligse which in .its turn produced more than T. vaginalis. This
indicates that Ir. m is a stronger amtigen than T. gallinse
which is a ‘strenqer antigen than T. vaginalis, under the conditions
applying in these experiments.

Micro-agar-gel immunediffusion tests showed that T. gallinse
and T. vaginalis had six antigens in common while T. gallinwe and
Ir. foetus had three; this when T. gallinae, T. vaginalis, and Tr.
foetus were tested against TgDAs. Tr. feetus and T. vagin’ail‘is» had
five antigens in common while Tr. foetus and T. gallinase had two when
tested against TfDAs. However, I. vaginalis and Ir. foetus had five
antigens in common while T. vaginalis and T. gallinae had three when
tested against TvDAs. These results show, other than the existence
of antiqegic similarities between the species that TgDAs contains
more antibedies te T. yaginalis than teo Tr. M. that TfDAs centains

more antibedies to T. vaginalis than to I. galiinae and that TvDAs
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contains mere amtibodies to Tr. foetus than to T. gallinae. These
implicatiens are supported by the direct precipitin and agglutinin
tests which gave antibody titration values eof 100 units per ml of
undiluted serum when TgDAs and TfDAs were titrated against T. vaginmalis
and when TvBAs was titrated against Tr. foetus; amd 25 units per ml

of undiluted serum when TfBAs and TvDAs were titrated against

T. gallinae and when TgBAs was titrated against Tr. feetus.

Anti-I, gallinge serum after absorption with T. vaginalis
mmd Tr. feetus formed ome precipitin band against its hemelegous
antigen, while no precipitin bands were formed after aksorﬁtian of
anti-Tr. feetus sérun with T. vaginalis and T, ggliinag or after
abserption of ‘!tiﬁ:;.!!ﬂ;;ﬁ;ig serum with Tr. foetus amd I, gallinae.
This indicates that T. gallinae has one specific antigeﬁ spart from
the antigens it has in common with I. vaginalis and Tr. ggg;gg. This
will lead to the helief in the presence of a "commen antigemic peol”
for the three trichomonads; this "poel™ is most probably genmerie in
nature. In this case IT. gallinae apart‘fran contributing mest ef its
antigens te the "peel"™ has at least one specific antigenic compenent
which it does not share with T. vaginalis and Ir. feetus.

Negative results obtained when Feinberg®s culture media, from
which the trichemonads had been separated, were tested against the
various rabbit antisera, indicate that no adserbed media were present
when the three trichomeonads were injeeted into rabbits., When these
used media preparations were injected into rabbits, however, they

preduced antibody to the msed media and to the trichomenad antigens.

The precipitin bands in this system were particularly sharp. This
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observation indicates that the media after removal ef trichomenads
contained a soluble-or exs-antigen from the trichomenads in small
quantities, but sufficient to successfully immunize rabbits. This
phenomenon was net studied further because it involved mere time
than could be spared.

Rabbit sera cellected before the immunization schedule and
tested against the different antigen preparaﬂans induced no
precipitin h&nd fermation; these sera exhibited ne precipitatien
or agglutination. This indicates the absence of natural antibodies,
agglutining er precipitins, agaimst the three trichemenads im rabbits.
Natural active antibedy predwetion, agglutinins or precipitins, were
not demonmstrated in sera collected frem three patienmts with
trichomenad vaginitis and three pigeens with I. gallinse infection.
Also, ne natural passive amtibody production was demonstrated in the
sera of three nen~infected wemen and pigeons. These results are not
statistically significant since the samples tested were neither
adequate nor randomly chesem to represent a populatien.

The precipitin bands in all of the micro-agar-gel immune-
diffusion tests performed are predominantly proteinaceous in nature
since they staimed for proteins but net fer polysaccharides and lipids.

In the light of the above serological tests it could be
concluded that Ir. foetus, _I_'_ggallinaé and T. vaginalis are
antigenically related. Tr. foetus and I. vaginalis are almost
serolegically indistinguishable while T. vaginalis and T. gallinae,

and Tr. foetus and T. gallinae are serolegically distinet.
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