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Abstract: Feline intestinal tritrichomoniasis by Tritrichomonas foetus was first recognized in USA in 1999 and has so far
been reported from UK, Norway, Switzerland, and Australia, but not from the Far East Asian countries. In November 2008,
2 female and male littermate Siamese cats, 6-month old, raised in a household in Korea were referred from a local veteri-
nary clinic with a history of chronic persistent diarrhea. A direct smear examination of fecal specimens revealed numer-
ous trichomonad trophozoites which were isolated by the fecal culture in InPouch™ TF-Feline medium. A PCR testing of
the isolate based on the amplification of a conserved portion of the T. foetus intemal transcribed spacer (ITS) regions (ITS1
and ITS2) and the 5.8S rRNA gene, and the molecular sequencing of the PCR amplicons confirmed infection with T. foe-
tus. This is the first clinical case of feline intestinal trichomoniasis caused by T. foetus in Korea.
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INTRODUCTION

Tritrichomonas foetus is a pear-shaped, approximately 10-25
um long and 3-15 um wide flagellate and has a single nudleus
and 4 flagella. Three of the flagella are free anteriorly, while the
4th extends backwards to form an undulating membrane along
the length of the organism and then continues posteriorly as a
free flagellum [1]. The organism has long been considered as a
venereal pathogen of cattle causing infertility, vaginitis, placen-
titis, abortion, anoestrus, and endometritis [2]. It has a world-
wide distribution, and significant economic loss has been rec-
ognized in the past when artificial insemination of cattle was
not widely used [3]. It is generally accepted that the bovine vene-
real T. foetus and the porcine intestinal T. suis are considered to
be the same species based on moiphology and sequence iden-
tity of tRNA [3].

Recently, T. foetus has also been identified as a cause of pro-
longed and intractable large bowel diarthea in cats [4-9], althou-
gh recent investigation on the internal transcribed region of the
ribosomal DNA unit and the TR7/TR8 variable-length repeat of
T. foetus isolated from cats and cattle indicate that the 2 isolates

* Received 15 July 2010, revised 30 August 2010, accepted 30 August 2010.
* Corresponding author (sungshik@jnu.ac.kr)
' These authors contributed equally to this study.

are genetically distinct and at least 2 genotypes are recognized
[10]. The organism colonizes the ileum, cecum, and colon where
it resides in close contact with the epithelium, and is often asso-
ciated with either transient or chronic diarthea in cats [9,11-13].
In general, however, clinical symptoms of affected cats are like-
ly to resolve spontaneously within 2 years of onset [14]. Although
a few drugs, including ronidazole, have shown efficacious aga-
inst feline tritrichomoniasis, currently there are no commercial-
ly-available drugs against the intestinal T. foetus infection in cats
[15].

According to previous reports, the prevalence of feline intesti-
nal T. foetus infection was 31% (36 out of 117) in USA, 14.4%
(16 out of 111) in UK, 32% (24 out of 74) in Italy, and 24.4%
(11 out of 45) in Switzerland |5-7,9]. However, no clinical case
of T. foetus infection in cats has been reported in the Far Eastern
countries. In the present study, we describe the first clinical case
of feline intestinal trichomoniasis caused by T. foetus in Korea,
as evidenced by a successful isolation and proliferation of T. foe-
tus trophozoites from rectal swab sample in culture, and identi-
fication of the organism by detection of T. foetus-specific ribo-
somal DNA using PCR and sequencing.

CASE DESCRIPTION

Two 6-month-old littermate Siamese cats, 1 female and 1

247



248 Korean J Parasitol. Vol. 48, No. 3: 247-251, September 2010

male (Fig. 1), were referred from a local practitioner with a his-
tory of chronic persistent diarrhea that lasted for several months.
The cats were purchased from a local pet shop at 2 months old.
The owner reported that the cats had loose to semiformed mu-
coid diarrhea shortly after their residence at her house which
lasted for several weeks when she finally consulted her veteri-
narian. Cats were raised indoor with no contact with other ani-
mals, and were fed a combination of commercially-available
canned and dry food. Upon microscopy, numerous motile tri-
chomonal trophozoites were observed in the feces. In a period
of 2 months, the 2 cats did not respond to the treatment with a
combination treatment of metronidazole and fenbendazole.
Trophozoites collected by the rectal swab were stained with Gie-
msa and were also successfully cultured in the InPouch™, TF-
Feline medium (BioMed Diagnotics, White City, Oregon, USA).
After the culture was stabilized, 3 consecutive series of limiting
dilution was performed to establish a homogenous isolate. Scan-
ning electron microscopy was used to morphologically identify
the organism according to a previously described method by
Pereira-Neves and Benchimol [16]. Briefly, culture samples were
allowed to adhere on to a cover glass coated with poly L-lysine
(Iwaki, Tokyo, Japan) and were fixed in 2.5% glutaraldehyde
in 0.1 M cacodylate buffer (pH 7.2) for 2 hr at room tempera-
ture. Trophozoites were post-fixed for 15 min in 1% OsQ,, seri-
ally dehydrated in ethanol, and were critical-point dried [7].
They were then sputter-coated with gold and inspected on a

Hitachi $-2400 scanning electron microscope.

DNA was extracted using MasterPure™, DNA Purification Kit
(EPICENTRE® Biotechnologies, Madison, Wisconsin, USA) from
trophozoites in culture media or directly from rectal swab sam-
ples. A single-tube nested PCR with primer pairs TFITS-F (5
CTG CCG TTG GAT CAG TIT CG-3")/TFITS-R (5-GCA ATG
TGC ATT CAA AGATCG-3') and TFR-3 (5-CGG GICTIC CTA
TAT GAG ACA GAA CC-3")/TFR-4 (5’ -CCT GCC GIT GGA
TCA GTTTCG TTA A-3" ) was performed as designed by Gookin
et al. [17]. The TFR-3/TFR-4 primers have been demonstrated
to specifically amplify a 347-bp fragment of the T. foetus inter-
nal transcribed spacer region 1 (ITS1), 5.8S, and ITS2 riboso-
mal DNAs from bovine preputial or vaginal samples. The TFTS-
F/TFITS-R primers were designed to amplify a 208-bp fragment
of T. foetus ITS1 and 5.8S ribosomal DNAs [17]. The 208-bp
product is nested within the sequence amplified by the TFR-
3/TFR-4 primers. The ITS1/5.88/ [TS2 genomic region was am-
plified with primers TFR-3/TFR-4 and ITS1/5.8S genomic region
was amplified with primers TFITS-F/TFITS-R

The reaction for the single-tube nested PCR of T. foetus DNA
was performed in a total volume of 20 ul using genomic DNA,
1 unit HiP™, thermostable DNA polymerase in 250 Mm Tris-
HCI (pH 9.0), 80 Mm (NH,),50, 10% DMSO, 8.75 mM MgCl,
0.05% bromophenol blue, 12% glycerol and stabilizer, 1.25
pmol each of primers TFR-3 and TFR-4, 25 pmol each of primers
THIS-F and TFITS-R.

Fig. 1. Two 6-month-old female and male littermate Siamese cats from Korea with uncontrolled diarrhea by medication with metronidazole.
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DNA amplification was performed using the Palm Cycler
{Corbett Research, Sydney, Australia) under the following con-
dition: initial denaturation at 95°C for 5 min; denaturation at
95°C for 30 sec, and annealing and extension at 72°C for 1 min
for 30 cydes; denaturation at 95°C for 30 sec and annealing at
57°C for 30 sec, and extension at 72°C for 30 sec for 30 cycles;
and a final extension at 72°C for 5 min. Agarose gel electrophore-
sis was carried out, followed by staining of gel with ethidium
bromide, and DNA was extracted from the agarose gel using
QIAEX 1I* Gel Extraction Kit (Qiagen, Valenda, California, USA)
according to the manufacturer’s instructions. DNA sequencing
was performed using an ABI system 3700 automated DNA se-
quencer {Applied Biosystem, Foster City, California, USA).

Using the DNA Basic module (DNAsis MAX, Alameda, Cali-
fornia, USA), the nucleotide sequences were compared with
those selected from other known Tritrichomonadidae. Follow-

Fig. 2. Light microscopic image of Tritrichomonas foetus tropho-
zoites from the feces of a Siamese cat in Giemsa stain.

Fig. 3. Scanning electron micrograph of a Trifrichornonas foetus tro-
phozoite isolated from a Siamese cat in Korea.

ing sequences obtained from GenBank™ were used in phyloge-
netic and sequence similarity analyses: AF466751, AF339736
and TRU85967 (T. foetus), TSU85966 (T. suis), TMU86612 (T.
mobilensis), AY886846 (T. muris), AY245140 (T. nonconforma),
AY055802 (T. augusta), 1357444 (T. vaginalis) and M86482
(T. vaginalis). Phylogenetic and bootstrap (1,000 replicates) anal-
yses based on the nucleotide alignments were constructed using
the neighbor-joining method and the unweighted-pair group
method of Molecular Evolutionary Genetics analysis (MEGA
version 4.0) with a pairwise distance {18]. A sequence similari-
ty search was performed for the Tritrichomonadidae using the
DNAMAN, version 5.1 software (Lynnon Biosoft, Quebec, Ca-
nada}.

A direct microscopic examination of rectal swab samples from
the infected cats revealed numerous motile trophozoites of tri-
chomonads, featuring a pyriform body with an undulating mem-
brane and 3 free anterior flagella which were confirmed by the
Giemsa staining of fresh rectal swab samples (Fig. 2). The in
vitro culture of the rectal swab in the InPouch™, TF-Feline medi-
um successfully isolated trichomonal trophozoites. The scan-
ning electron microscopy of cultured trophozoites distinctively
visualized 3 anterior flagella and a posterior flagellum extend-

Fig. 4. Single-tube nested PCR products with primer pairs TFR-3/
TFR-4 and TRTS-F/THTS-R confirming the presence of Tritricho-
monas foetus organism in rectal swab samples of the 2 female and
male littermate Siamese cats by amplification of the 208-bp prod-
uct, M, molecular weight marker; R, female Siamese cat; B, male
Siamese littermate cat; C, culiure medium.

5 .CTGCC GTTGG ATCAG TTTCG TTAAT AATTA CAAAC ATATT TTTTT AATGT
CTATA ACTAT TTATA CAAAA TTAAA CACAT AATCT AAAAA ATTTA GACCT
TAGGC AATGG ATGTC TTGGC TTCTT ACACG ATGAA GAACG TTGCA TAATG
CGATA AGCGG CTGGA TTAGC TTTCT TTGCG ACAAG TTCGA TCTTT GAATG
CACAT TGC-3'

Fig. 5. Sequence of the 208-bp PCR product of Tritrichornonas foe-
tus isolated from the rectal swab feces of a Siamese cat from Korea.
The 1TS1/5.8S genomic region was amplified with primer pairs TFR-
3/TFR-4 and TFITS-F TFITS-R.
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Table 1. The sequence homology analysis of the 208-bp PCR products of Tritrichomonas foetus from a Siamese cat from Korea
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7. foetus RUBY HM565915 100.0
T. foetus AF466751 USA 1000 1000
T. foetus AF339736 USA 1000 1000 1000
T. foetus TFUB5967 Swizerland 1000 1000 1000 1000
T. suis TSUB5966 Swizerland 1000 1000 1000 1000 1000
T. mobilensis TMUB6612 Swizerland 1000 1000 1000 1000 1000 1000
. muris AY886846 Czech Republic 408 408 408 408 408 408 1000
T. nonconforma AY245140 Czech Republic 407 407 40.7 40.7 407 407 955 1000
T. augusta AY055802 Czech Republic 404 404 404 404 404 404 93 1000 1000
T. vaginalis FJ357444 Chile 305 305 305 305 305 305 359 347 350 1000
T.vaginalis M86482 Czech Republic 348 348 348 348 348 348 374 392 390 330 1000

7. foetus isolate from the female Siamese cat in this study.

ed backward along the undulating membrane (Fig. 3).

Primer pairs TFR-3/TFR-4 and TFITS-F/TFITS-R used together
in a single-tube nested PCR confirmed the presence of T. foetus
organism in rectal swab samples of littermate Siamese cats by
the amplification of the 208-bp product (Fig. 4). The sequence
and phylogenetic tree analysis of the 208-bp PCR product reveal-
ed 100% sequence identity with T. foetus, T. suis and T. mobilen-
sis reported previously from USA and Swizerland (Table 1; Fg, 5).

DISCUSSION

The present study demonstrated T. foetus infection in 2 Sia-
mese cats from Korea with a history of chronic diarthea by Gie-
msa staining, scanning electron microscopy, in vitro culture,
PCR assay, and DNA sequence analysis. This is the first case of
feline intestinal trichomoniasis in Korea. No clinical case of T.
foetus infection in cats has so far been reported in the Far Eastern
countries.

In USA, the prevalence rate of intestinal T. foetus infection was
31% among cats (36 out of 117), while a survey of 111 cats with
diarthea performed in UK found 16 T. foetus-positive fecal sam-
ples by PCR (14.4%) [5,9]. In Italy, 24 of 74 cats with chronic
large bowel diarrhea (32%) were found to be infected with T.
foetus in an animal shelter [6]. There was a report in Australia
of feline trichomoniasis in a 10-week-old female cat which had

chronic diarrhea [4). In Switzerland, 45 cats suffering from chro-
nic diarrhea were investigated for intestinal infection, including
a search for T. foetus using bovine InPouch™, TF-Feline medi-
um and PCR assay 7] from which 11 cats (24.4%) were cul-
ture-positive. In Norway, T. foetus was reported in the uterus of
a cat with pyometra and in the feces of 3 other cats in the same
household, 1 of which had chronic diarrhea [8].

Feline gastrointestinal T. foetus infection in this case did not
respond to the chemotherapy with metronidazole and fenden-
dazole. A previous report indicated that when ronidazole [1-
methy-5-nitroimidazole-2-yl)-methyl carbamate; > 99% pure,
Sigma-Aldrich], currently not approved by FDA, was adminis-
tered at 30-50 mg/kg twice a day for 14 days, 10/10 cats were
negative for 7. foetus infection for follow-up duration of 21 to
30 weeks after treatment | 15]. Therefore, after T. foetus was iden-
tified as the causative agent of prolonged large bowel diarhea
in this case, we attempted to treat the two cats infected with T.
foetus using ronidazole at 30 mg/kg every 12 hr for 14 days. The
medication, however, was discontinued intermittently accord-
ing to the owner, and the diarrhea relapsed with T. foetus tropho-
zoites reappeared in the rectal swab samples after 1 month. Fur-
ther studies are needed to obtain the infection status of cats rai-
sed in Korea with this protozoan parasite, and identify an effec-
tive chemotherapeutic regimen against the Korean isolate of T.
Joetus.
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