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ABST RACT
Tritrichomonas foetus has been identified in the ileum, cecum and colon of cats with large bowel diarrhea. The 
objective of this study was to identify whether T. foetus was present in cats with chronic diarrhea in Turkey. 
Fecal samples (n=45) were collected from cats with diarrhea presented to a number of pet clinics in Ankara 
province, Turkey. Fecal analysis was performed using saline wet mount preparations, cultures and PCR. 
T. foetus was detected in 4 out of 45 (8.8%) of the cats with chronic diarrhea by PCR analysis. The infection 
rate was highest (12%) in the age group ≤6 months (p<0.05). There was no significant difference between 
the frequency of infection in male and female cats (p>0.05). All cats in the study were mixed breed. The 
frequency of infection was higher in owned cats than in shelter cats (10% versus 6.6%), but this difference 
was not statistically significant (p>0.05). Giardia spp. and Toxocara leonina were found as co-infections in the 
cats infected with T. foetus. Two PCR positive results were sequenced and deposited in GenBank (MH400076 
and MH490937). Pairwise genetic distance between our isolates and the isolates submitted to GenBank 
from other geographic areas displayed variation ranging from 0.0% to 1.2%. This is the first report of the 
presence of T. foetus in cats in Turkey. The results support the significance of T. foetus as a cause of chronic 
diarrhea in cats. 

Keywords: Tritrichomonas foetus; Cat; Diarrhea; Turkey. 

INTRODUCTION
Tritrichomonas foetus, Parabasalia, Trichomonadidae, are pear- 
or spindle-shaped protozoan parasites with one posterior fla-
gellum and three anterior flagella (1). The posterior flagellum 
forms an undulating membrane along body of the parasite 
(1). T. foetus has been isolated from a variety of organs from 
a number of species including cattle, cats, dogs and camels 
(1-4) and as an opportunistic infection from immunocom-
promised and immunosuppressed humans suffering from 
meningoencephalitis (5). T. foetus isolated from cats appears 
to be distinct, with minor genetic differences from cattle iso-
lates based on internally transcribed spacer (ITS) and cysteine 
protease (6, 7). Moreover, it has been proposed that the cat 
genotype be renamed Tritrichomonas blagburni to distinguish 
it from the cattle genotype (8). At the molecular level, no 

differences have been found between T. foetus located in the 
venereal system of cattle and Tritrichomonas suis located in 
the nasal cavity and gastrointestinal system of pigs (9) and it 
has been suggested that these are synonymous (10). T. foetus 
is also molecularly similar to Tritrichomonas mobilensis found 
in the intestinal tract of squirrel monkeys (11, 12). 

Tritrichomonas foetus infection in the ileum, cecum and 
colon of cats can cause large bowel diarrhea (13, 14). It has 
also been isolated from the uterus of a cat (15) and, recently, 
from nasal discharge of a cat (16). T. foetus multiplies asexu-
ally by dividing in the large intestine, and motile trophozoites 
are excreted with cat feces (14). The parasite does not develop 
a cystic form, so trophozoites can survive for short time after 
shedding, in feces, contaminated water and litter (14). The 
exact method of transmission of trichomoniasis within cat 
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populations is not known. The fecal-oral route is probably 
the most important route of transmission in cats (17). The 
prevalence of trichomoniasis is particularly high in cats liv-
ing in shelters and catteries, where fecal-oral transmission 
is higher because of high density cat populations (18-20). 

Lymphoplasmacytic and neutrophilic colitis develop in 
the distal ileum and colon during feline trichosomiasis (13). 
Clinical findings vary from subclinical infections to persistent 
large bowel diarrhea in cats (14). Feces is malodorous, fluid 
to solid consistency and may contain mucus with fresh blood 
in infected cats (17, 21). Classical signs of colitis such as fecal 
incontinence, tenesmus and flatulence may also be seen (14, 
17).

Diagnosis of feline trichomoniasis is made by a number of 
different methods (14, 17). Trophozoites can be observed by 
microscopic examination of a saline wet mount preparation of 
fresh feces, but the sensitivity is low, <20% (22). False nega-
tives may occur, particularly if samples are small or not fresh, 
or if there are low numbers of trophozoites in feces or low 
parasite number in feces after antibiotic treatment (14, 23). 
T. foetus may be misdiagnosed as Giardia spp. during fecal 
analysis, however, T. foetus may be identified by the motility 
characteristics of the trophozoites,that is, T. foetus has a for-
ward motility in contrast to a falling leaf motility of Giardia 
spp. Additionally, fecal enzyme-linked immunosorbent assay 
can help to confirm giardiasis in cats where trophozoites 
cannot be identified microscopically (18). The other diag-
nostic method for feline trichomoniasis is fecal culture using 
commercially available systems such as InPouch. The fecal 
samples should be collected with fecal loops, sterile swabs 
or a colon flush technique (22). The culture medium does 
not allow the growth of Giardia spp. or Pentatrichomonas 
hominis, the commensal protozoon in cat intestine, so positive 
culture results suggest T. foetus infection. The sensitivity of 
this method is 55.5% (14), false negatives can occur because 
of intermittent shedding of the trophozoites or recent treat-
ment with antiprotozoal drugs (14). 

PCR amplification of ITS1, ITS2 and 5.8S rDNA re-
gions of T. foetus is the most sensitive method for the detec-
tion of feline trichomoniasis (22, 24, 25). The detection limit 
of PCR is regarded as 10 parasites per 100 mg faecal samples 
(26). False negatives can occur if sample size is small or due 
to PCR inhibitors in the feces (14).

Tritrichomonas foetus was first identified as a cause of 
chronic large bowel diarrhoea in cats by PCR in 2001 (2). 

Since then there have been reports of feline trichomoniasis 
from many regions in the world (27-34). There is no in-
formation on feline trichomoniasis in Turkey. The objective 
of this work was to detect T. foetus in cats with a reported 
history of chronic diarrhea in Turkey. 

MATERIALS AND METHODS
Sample area and animals
Fecal samples were collected from cats with diarrhea (n=45) 
admitted to a number of pet clinics in Ankara province dur-
ing the period from January to May 2018. Ankara is the 
capital of Turkey, with an elevation above sea level of 874 m. 
The city has a middle latitude steppe climate, cold, somewhat 
snowy winters and hot, dry summers. There are estimated 
to be 15.000-20.000 owned cats within the boundaries of 
Ankara Metropolitan Municipality (35). The fecal samples 
were collected from house cats (n=30) which rehomed from 
shelters or pet shops a while ago, and from shelters cats 
(n=15). The epidemiological data such as age, breed, sex, 
origin of acquisition by owner and past treatment history was 
recorded. All animal handling procedures were approved by 
the Kirikkale University Local Ethics Committee for Animal 
Experiments (Protocol no: 17/100). 

Fecal sampling and microscopic examination
Fecal consistency scores, based on a modified fecal scoring 
system for cats (Purina Fecal Scoring System for Dogs and 
Cats, Nestle-Purina), were either 1 (watery, no texture, flat, 
occurring as puddles, representing liquid diarrhea) and 2 (has 
texture, but no defined shape; occurs as piles or as spots) 
in the sampled cats. All cats were suffered from diarrhea 
for a time. Fresh fecal samples were taken directly from the 
litter box just after they had been passed. Saline wet mount 
preparations and wet preparations stained with Lugol's io-
dine solution were made from the fecal samples and examined 
immediately under light microscopy (Leica DM750) for the 
presence of motile trophozoites. Then fecal samples were col-
lected from the rectum of the same cats using sterile swabs. 
The fecal samples were inoculated in InPouch TF-Feline 
(Biomed Diagnostics, White City, OR). The cultures were 
incubated upright in the dark at 37°C, and then examined 
microscopically, using 40x objective, every day for one week 
for the presence of motile trophozoites, with particularly 
careful examination along the seams of the culture pouch.
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Examination for co-infections with other parasites 
Zinc sulphate centrifugal fecal flotation was used to detect 
parasitic co-infections in the cats (36). Giardia fecal antigen 
test (Asanpharm, Seoul, South Korea) was used to detect 
giardiasis. The fecal samples were also stained with Carbol 
fuchsin stain for detection of Cryptosporidium spp.

Genomic DNA extraction, PCR and sequencing
Genomic DNA was extracted from the fecal samples using 
the QIAamp DNA Mini Kit (QIAGEN, Toronto, Ontario), 
following the manufacturer’s instructions. Primers TFR3 
(5’-CGG GTC TTC CTA TAT GAG ACA GAA CC-3’) 
and TFR4 (5’-CCT GCC GTT GGA TCA GTT TCG 
TTA A-3’) were used to probe 5.8S rRNA gene sequences 
and internal transcribed spacer (ITS) regions for confirma-
tion of T. foetus (24). Amplification was achieved by use of 5 
x Hot Firepol Blend Master mix (Solis BioDyne, Estonia) 
and each primer was added at 25 ρmol. T. foetus DNA and 
nuclease-free water were used as positive and negative con-
trols, respectively. The PCR conditions were 95°C for 15 min, 
followed by 50 cycles of 95°C for 30 s, 67°C for 30 s, 72°C 
for 45 s, and a final extension at 72°C for 5 min. The PCR 
amplicons were examined following electrophoresis in 1.5% 
agarose gel stained with ethidium bromide. Positive bands of 
expected sizes, TFR3 / TFR4 region 347 bp were observed. 

Sequencing was performed commercially (Macrogen, 
Holland) with ABI 3730XL DNA Sequencer (Applied 
Biosystems, Foster City, CA) and BigDye Terminator v3.1 
Cycle Sequencing Kit (Applied Biosystems, Foster City, 
CA). Sequences were assembled and edited by Geneious 
11.0.2 (37). Nucleotide sequences were aligned with available 
sequences in GenBank to make species-based identifica-
tion of specimens using the BLASTn algorithm. Two ITS 
sequences deposited in GenBank via the Accession Numbers: 
MH400076, MH490937.

Statistical analysis
Statistical analyses of some epidemiological parameters (age, 
sex and stayed at home or shelter) were conducted using 
commercial software (SPSS 14.01, SPSS Inc., Chicago, IL, 
USA). Data was analysed using the Chi-square. P values of 
<0.05 were considered statistically significant. 

RESULTS
Tritrichomonas foetus was detected using PCR in 4 out of 45 
(8.8%) of the cats with chronic diarrhea. The fecal samples 
of the cats infected with T. foetus (n=4) were all scored as 2, 
with one of them containing fresh blood. Motile flagellates 
were not observed in saline wet mount preparations of the 
fecal samples nor in the culture pouches during the incuba-
tion period. 

The epidemiological data on the infected cats is presented 
in Table 1. The cats ranged from 2 months to 17 years of age, 
with 25 cats being ≤6 months old and 17 being ≤12 months 
old, and 3 cats being older than one year. The prevalence 
of T. foetus was higher in the group ≤6 months (12%) than 
in the other age groups (p<0.05). There was no significant 
difference between the frequency of infection in male and 
female cats in the present study (p>0.05). All cats were mixed 
breed. Frequency of infection was higher in the owned cats 
than shelter cats (10% versus 6.6%), but the result was not 
statistically significant (p>0.05). 

According to the cat owners, the infected cats had suf-
fered from long-standing diarrhea. Two of the cats with 
trichomoniasis had previously been treated with metronida-
zole and supportive therapy in the pet clinics, but although 
clinically the diarrhea initially resolved, it had recurred once 
treatment was ceased. The other two cats were presented 
to the clinics with complaints of diarrhea for the first time 

Table 1: Epidemiological data on the cats with diarrhea.

Sampled cats 
(n:45)

T. foetus positive 
(n:4)

% P value

Sex
Female (n: 16) 2 12.5
Male (n: 29) 2 6.9
Age
2-6 months (n: 25) 3 12
7-12 months (n: 17) 1 5.9 *
Over 1 years (n: 3) 0 0
Conditions of care
Owned (n: 30) 3 10
Shelter (n: 15) 1 6.6
Treatment
Previously treated (n: 18) 2 11.1
Nontreated (n: 27) 2 7.4
Concurrent infection 
Giardia spp. 3 75
Toxocara leonina 1 25

*	 P<0.05.
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during the study. Giardia spp. and Toxocara leonina were 
found as co-infections in the cats infected with T. foetus. 
No Cryprosporidium spp. oocysts were detected in the fecal 
examination.

Two of the four PCR positive results were randomly 
selected and sequenced for species – base identification of 
the isolates and ITS sequences (262-277 bp) were success-
fully obtained. The presence of one Tritrichomonas species 
was revealed using the BLASTn analyses. Our isolates were 
the first to be genetically identified as feline T. foetus by us-
ing sequence analyses of rDNA ITS from Turkey and were 
deposited in GenBank with the following accession numbers: 
MH400076 and MH490937. No intraspecific nucleotide 
diversity was observed between ITS region sequences of the 
two isolates identified in the present study. 

Analyses indicated that Ankara-Turkey 1F-2F isolates 
showed 100% identity with the isolates of T. foetus re-
ported from different hosts and countries including Turkey 
(KC236423-24), Brazil (KX267765), Poland (KJ439572), 
France ( JX960422), Australia ( JX187000), China 
( JN106455), Switzerland ( JN006994), Norway (HM856630 
and EF165538) and Australia (GU170219) in GenBank. 
Pairwise genetic distance between Ankara – Turkey 1F-2F 
(MH400076, MH490937) and isolates submitted to 
GenBank from different geographic areas including Turkey 
showed variation ranged from 0.0% to 1.2%. 

Comparison of the sequences obtained from the cats 
in this study and the sequence of the T. foetus cattle isolate 
(KC236426) previously submitted from Turkey revealed two 
nucleotide polymorphism (T>A; T>C) in the 5.8S gene 
region. The multiple alignment analyses revealed a single 
nucleotide polymorphism (T>C) between cat / cattle T. foetus 
isolates and T. mobilensis ( JX187012; TMU86612) isolates 
in the ITS2 region. However, the same isolates showed three 
nucleotide differences with the T. mobilensis (AY886842) 
isolate identified from a treeshrew in the ITS1 region (Figure 
1).

Diarrhea is common in domestic cats and is an important 
presentation in small animal practice (38). There are many 
causes of diarrhea in cats, including T. foetus (38). T. foetus has 
been reported in cats in many regions of the world (27-34). 
In a previous study, PCR analysis failed to identify T. foetus 
DNA in feces of cats from Turkey (39). This study, shows a 
prevalence of 8.8% for trichomoniasis in cats with diarrhea 
in Turkey. 

There are a number of difficulties in diagnosing feline 
trichomoniasis: the sensitivity of diagnostic methods is low 
and co-infection with other agents causing diarrhea can mask 
clinical signs caused by T. foetus. Feline trichomoniasis was 
detected by PCR analysis in this study. The motile flagellates 
were not seen in the fecal examinations and fecal cultures 
were negative. The reason for the negative results may be 
related to low numbers of trophozoites in the sampled feces 
or intermittent shedding of trophozoites in the feces of cats 
or treatment with antiprotozoal drugs (14). In the present 
study, two of infected cats had previously been treated with 
metronidazole. A characteristic feature of feline trichomonia-
sis is chronic diarrhea (22, 30, 34). In the present study, the 
infected cats had suffered from diarrhea for a time. 

There are some risk factors for feline trichomoniasis 
such as age, breed, living conditions and co-infection with 
other infectious agents (18, 22). The relationship between 
prevalence of T. foetus and the age of infected cats has been 
widely studied (18, 22, 28, 29, 33). It is commonly accepted 
that cats less than one year of age are more sensitive to T. 
foetus (22). T. foetus infection is characterised by diarrhea in 
young cats, but asymptomatic infection may be common in 
older cats (23, 40). In the present study, the cats diagnosed 
with trichomoniasis were under 1 year, mostly less than 6 
months of age. According to the cat owners, the infected cats 
had suffered from diarrhea for a protracted period of time. 
Feline trichomoniasis is widely reported in pure breed cats 
such as Abyssinian, Siamese and Bengal (19, 28, 41). The 
higher trichomoniasis incidence in purebred cats is probably 
due to close and direct contact between cats, which, in some 
prevalence studies, were sampled in breeding centres with a 
densely housed cat population (22). In the present study, all 
cats were mixed-breed, so we are unable to comment on breed 
susceptibility, although previous authors have also reported 
no breed differences in susceptibility. Crowded condition and 
poor hygiene may be responsible for transmission of tricho-
moniasis within cat populations in the shelters (18- 20). In 
the present study, all cats infected with trichomoniasis were 
connected with shelters (three cats had been rehomed from 
the shelters, one cat still lived in the shelter). 

There is still a question as to whether an immature 
immune system or co-infections leaves younger cats more 
susceptible to trichomoniasis (28). In the present study, 
infected cats with trichomoniasis were aged under 1 year, 
and mostly less than 6 months. We hypothesize that the cats 
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may have been infected with the parasite during their time in 
the shelters in the present study. The stress of rehoming may 
have weakened the cat's immunity resulting in development 
of clinical signs. 

Co-infection is often cited as another risk factor for feline 

trichomoniasis and Giardia spp. is one of the most commonly 
detected agents of co-infection (18, 20, 27). In the present 
study, Giardia spp. and T. leonina were found as co-infections 
in the infected cats. Some authors claim the severity of diar-
rhea is not affected by co-infection with enteric parasites 

Figure 1. Multiple alignments and comparison of nucleotides of internal transcribed region (ITS), comprising internal transcribed spacer 1 
(ITS1) – 5.8S ribosomal DNA – internal transcribed spacer 2 (ITS2) region of T. foetus isolates deposited in GenBank and obtained from the 
cats in the present study. Cattle reference sequences were generated from Turkey (KC236423-236426), Namibia (KX425890), China ( JN106455) 
and Australia (GU170219). Cat reference sequences were generated from Norway (EF165538 and HM856630), Brazil (KX267765), Poland 
(KJ439572) and Australia ( JX187000). Nucleotide changes are shown as different colour. Comparison of the sequences obtained from the cats in 
this study and the sequence of the T. foetus cattle isolate (KC236426) previously submitted from Turkey revealed two nucleotide polymorphism 
(T>A ; T>C) in the 5.8S gene region. The multiple alignment analyses revealed a single nucleotide polymorphism (T>C) between cat /cattle 
T. foetus isolates and T. mobilensis ( JX187012, TMU86612) isolates in the ITS2 region. However, the same isolates showed three nucleotide 

differences with the T. mobilensis (AY886842) isolate identified from tree shrew in the ITS1 region. 
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(41). However, studies of experimental infection suggest 
that coexisting intestinal infections worsen clinical signs 
of diarrhea and increase the shedding of T. foetus (25). The 
co-infection with Giardia spp. may have altered the fecal con-
sistency in the cats with trichomoniasis in the present study. 
The feces of cats co-infected with Giardia were watery rather 
than the characteristic semi-formed to “cow-pie” form found 
with feline trichomoniasis. Fresh blood is sometime reported 
in cat feces during trichomoniasis (41, 42). Trichomoniasis 
can damage the colonic epithelium resulting in fresh blood 
in feces in cats (42). In our study, fresh fecal blood was only 
found in one cat with trichomoniasis. Colonic bacteria play 
an important role in the pathogenesis of diarrhea in feline 
trichomoniasis (14). Diarrhea in cats with trichomoniasis 
is often decreased by the administration of antibiotics (42). 
The effects of antibiotics on diarrhea are not know yet, but 
they may decrease the bacterial load involved in diarrhea 
pathogenesis or decrease the number of T. foetus by depleting 
their nutrient supplies (42). In the present study, the two 
cats with trichomoniasis had previously been treated with 
metronidazole, and although diarrhea improved initially, it 
recurred once treatment ceased.

Recently, some molecular differences between cattle 
and feline genotypes of T. foetus have been reported (6, 
7). Single nucleotid polymorphism is seen in cattle and 
feline isolates according to sequence data from the ITS 2 
and 5.8S rDNA region (6). In the present study our se-
quences, including ITS1 and 5.8S ribosomal DNA regions, 
showed 100% identity. Single nucleotide polymorphism 
in the ITS-2 region have been found in cat and cattle 
isolates based on the available sequence data in Genbank 
(6). Pairwise genetic distance between Ankara-Turkey 1F-
2F (MH400076, MH490937) and isolates submitted to 
GenBank from other geographic areas, including Turkey, 
showed variation ranging from 0.0% to 1,2%. Comparison 
of the sequences obtained from the cats in this study and 
the sequence of the cattle isolate (KC236426) previously 
submitted from Turkey revealed two nucleotide polymor-
phism (T>A; T>C) in the 5.8S ribosomal DNA region. 
The multiple alignment analyses showed a single nucleo-
tide polymorphism (T>C) between cat / cattle T. foetus 
isolates and T. mobilensis ( JX187012; TMU86612) isolates 
in the ITS2 region. 

To the best of the authors’ knowledge, this is the first 
report of the presence of T. foetus in cats from Turkey. The re-

sults support the significance of T. foetus as a cause of chronic 
diarrhea in cats in Turkey, especially in cases of recurrent 
diarrhea where treatment is not effective. 
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