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Abstract

Background: In pigs, several different trichomonad species such as Tritrichomonas

foetus, Tetratrichomonas buttreyi, and Pentatrichomonas hominis have been described as
inhabiting the digestive tract. However, little information is available on the epidemiology of these neglected parasites in the Chinese pig population.
Methods: The prevalence of T. suis, T. buttreyi and P. hominis among 500 fecal specimens from pigs at seven pigs farms in Anhui Province in China between Oct and
Dec 2014, was determined by PCR and DNA sequence analysis of the small subunit ribosomal RNA (SSU rRNA) genes.
Results: The prevalence rates for T. suis, T. buttreyi, and P. hominis were 2.8%
(14/500), 42.0% (210/500) and 7.8% (39/500), respectively. Mixed infections of
two or three trichomonads were detected in 24 samples. The prevalence of the
three trichomonads differed significantly between some age groups, with higher
infection rates of T. suis and T. buttreyi in nursery pigs and P. hominis in preweaned
pigs. The SSU rRNA sequences from T. suis and P. hominis showed 100% homology
with their respective homologous database sequences. However, we observed minor allelic variations in the SSU rRNA sequences from T. buttreyi, and the five representative sequences identified were named firstly as types 1, 2, 3, 4 and 5. Moreover, type 1 was found to be dominant in the present study.
Conclusion: These findings highlight the potential risk posed by pigs in the transmission of trichomonad infections to humans and other animals.

Introduction

P

arasites of the Tritrichomonas genus,
which consists of commensal and
pathogenic species from a broad host
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range of vertebrates and invertebrates, are frequently encountered in veterinary medicine (14). They are characterized by the presence of

Available at: http://ijpa.tums.ac.ir

Li et al.: Survey and Molecular Characterization of Trichomonads …

three-to-five anterior flagella and a single recurrent flagellum that functions as an undulating membrane (5). The following three different trichomonad species were originally reported as pathogenic protists in pigs: Tritrichomonas suis, T. rotunda, and Tetratrichomonas
buttreyi (6). Hypotrichomonas acosta and Trichomitus batrachorum, previously isolated from squamate reptiles and a frog, respectively, have
also been described in pigs (7). Recently, our
laboratory reported the occurrence of Pentatrichomonas hominis in pigs and 24.1% (38/158)
of the pigs in Changchun, China tested positive for this species (4, 8).
Among the above mentioned porcine trichomonad species, T. suis is the well-studied and
has been reclassified as a synonym of the parasitic trichomonad responsible for bovine and
feline trichomonosis, T. foetus (9-11). T. suis
was initially regarded commensalic and nonpathogenic in pigs (12). However, T. suis was a
facultative pathogen of the pig large intestine,
thus highlighting its medical importance (9-10,
13). T. buttreyi is found in pig and cattle fecal
samples and is considered a commensal organism (10, 14). Similarly, P. hominis is presumed to be a commensal organism that can
overgrow opportunistically in hosts with diarrhea from other causes (2). However, P.
hominis was described as a pathogen associated
with gastrointestinal discomfort, respiratory
tract infections and rheumatoid arthritis in
humans (15-17). Additionally, P. hominis has
the ability to propagate in the cecum of piglets
and is most likely a pathogen in pigs with underlying comorbidities (4).
China is the world’s largest producer and
consumer of pork. Pig farming plays a particularly important role in animal husbandry in
Anhui Province. The rapid growth in pig
farming and the high human population density in this region may increase the spread of
infectious micro-organisms carried in the feces
of domestic animals (including trichomonads)
to humans. Unfortunately, few published
studies are available on the epidemiology of
trichomonads in pigs in China. Recently, our
Available at: http://ijpa.tums.ac.ir

laboratory reported the prevalence of trichomonads in pigs in Changchun city, Jilin Province, northeast China (8).
To date, no studies have been published for
pigs in Anhui Province, China. In the present
study, we conducted an extensive survey of
pigs and accurately determined the prevalence
of trichomonads using molecular methods.
We also genetically characterized the trichomonads identified in this study and discussed
the risk factors for trichomonad infections in
pigs in Anhui Province, China.

Materials and Methods
Fecal specimen collections

Overall, 500 fresh fecal samples including
those from preweaned pigs (under 30 d old),
nursery pigs (30-60 d old), and growing pigs
(over 60 d old) were collected from seven pig
farms located in seven prefectures in Anhui
Province between Oct and Dec 2014 (Fig. 1).
All the fecal samples were stored at 4 °C prior
to DNA extraction within three days.
The present experimental protocol was conducted in accordance with the strict guidelines
and recommendations from the Guide for the
Animal Care and Welfare Committee of Anhui Science and Technology University, China.

DNA extraction

Genomic DNA was extracted directly from
a 200-mg sample of each fecal specimen using
a Stool DNA Kit (Tiangen, Beijing, China),
according to the manufacturer’s instructions.
The DNA was eluted in a 50 μl volume and
stored at −20 °C until use.

PCR analysis of three trichomonad species

Amplification of the partial SSU rRNA
genes from T. suis, T. buttreyi and P. hominis was
performed (4). Briefly, trichomonad genus
detection was based on a primary PCR with
forward primer FF (5′-GCGCCTGAGAGATAGCGACTA-3′) and reverse primer RR (5′GGACCTGTTATTGCTACCCTCTTC-3′). Amplifi603
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cation, in a final volume of 20 μl, involved
heating the reactions at 95 °C for 10 min, followed by 30 cycles of 95 °C for 1 min, 60 °C
for 1 min, 72 °C for 1 min 30 sec and a final
extension at 72 °C for 10 min. The primary
PCR products were subjected to speciesspecific trichomonad characterization using a
secondary PCR with the following primers: sF
(5′-GGTTGTTTGTATAGGATTGC-3′) and
sR (5′-TGCCCTCATAAAAGGACAA-3′) for T. suis
(451 bp); bF (5′-GTTTTTTCTCAGGCAGCAATG3′) and bR (5′-GCAACCTAGAAACCTAGGCG-3′)
for T. buttreyi (623 bp); and hF (5’TGTAAACGATGCCGACAGAG-3’)
and
hR (5’-CAACACTGAAGCCAATGCGAG
G-3’) for P. hominis (339 bp).
The concentrations and reagents used for
the secondary amplification were identical to
those used in the primary PCR, except that 2
μl of the primary PCR product was substituted for genomic DNA.

DNA sequencing

Secondary PCR products were subjected to
electrophoresis in 2% agarose gels and then
visualized by ethidium bromide staining. PCR
products were purified and the accuracy of the
nucleotide sequences was confirmed by twodirectional sequencing. DNA sequences were
aligned against reference sequences using BioEdit v 7.1.3.0 software (Ibis Biosciences,
Carlsbad, CA, USA). Neighbor-joining trees
were constructed using MEGA 5 software
(http://www.megasoftware.net/), and evolutionary distances were calculated using the
Kimura 2-parameter model. The reliability of
the cluster formation was evaluated by the
bootstrap method with 1000 replicates. Representative SSU rRNA sequences from this
study have been deposited in GenBank under
accession number KX833160 (for T. suis),
KX833155–KX833159 (for T. buttreyi), and
KX833161 (for P. hominis).

Statistical analysis

The 2 test was used to compare the three
trichomonad infection rates in the different
groups of pigs, using SPSS for Windows (13.0
standard version; (Chicago, IL, USA). Differences were considered statistically significant
at P<0.05.

Results

Fig. 1: Location of the sampling areas

The secondary PCR was also amplified according to the conditions except that the denaturation duration (45 sec instead of 30 sec)
and extension duration (45 sec instead of 30
sec) for T. suis and P. hominis were modified (4).
All PCRs were performed in duplicate. Control samples without DNA (negative control)
and with the three trichomonad species genomic DNA (positive control) were included
in each PCR run.
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Prevalence of trichomonad infections in
pigs

Of the 500 samples tested, 237 pigs (47.4%)
were positive for one-to-three known Trichomonadida order members. T. buttreyi infections (42.0%) was predominated, followed by
P. hominis (7.8%) and T. suis (2.8%). Four
(0.8%) contained only T. suis, 186 (37.2%)
contained only T. buttreyi, and 23 (4.6%) contained only P. hominis. Double infections with
T. suis and T. Buttreyi, and with T. buttreyi and P.
hominis were found in eight (1.6%) and 14
(2.8%) samples, respectively. Mixed infections
with all three trichomonads were observed in
two (10.4 %) samples (Table 1).
Available at: http://ijpa.tums.ac.ir
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Table 1: Prevalence of trichomonad infections in pigs in Anhui Province
Location
(s)

Samples
(N)

T. suis only
Positives
(%)

T. buttreyi
only Positives(%)

P. hominis
only Positives (%)

T. suis + T.
buttreyi Positives (%)

T. suis + P.
hominis Positives (%)

T. buttreyi+
P.hominis
Positives (%)

T. suis + T. buttreyi+
P. hominis Positives
(%)

Lixin
Susong
Qianshan
Langya
Changfeng
Yingshang
Yu an
Total

160
33
50
64
40
130
23
500

2(1.3)
0
0
0
0
2(1.5)
0
4(0.8)

72(45.0)
7(21.2)
26(52.0)
4(6.3)
0
67(51.5)
10(43.5)
186(37.2)

7(4.4)
5(15.2)
0
5(7.8)
3(7.5)
3(2.3)
0
23(4.6)

7(4.4)
0
0
0
0
1(0.8)
0
8(1.6)

0
0
0
0
0
0
0
0

10(6.3)
3(9.1)
0
0
0
1(0.8)
0
14(2.8)

2(1.3)
0
0
0
0
0
0
2(0.4)

Infections with T. suis were only found in Lixin and Yingshang and the prevalence rates were
6.9% (11/160) and 2.3% (3/130), respectively.
Lixin recorded the highest prevalence of T.
buttreyi (56.9%; 91/160), followed by Yingshang
(53.1%; 69/130), Qianshan (52.0%; 26/50), Yuan (43.5%; 10/23), Susong (30.3%; 10/33), and
Langya (6.3%; 4/64). For P. hominis, the highest
prevalence was detected in Susong (24.2%;
8/33), followed by Lixin (11.9%; 19/160),
Langya (7.8%; 5/64), Changfeng (7.5%; 3/40),
and Yingshang (3.1%; 4/130) (Table 1).

Age distributions of the porcine trichomonad infections

The T. suis infection rate (8.9%; 9/101) in
nursey pigs was significantly higher than that
of the preweaned pigs (0.6%, 1/168; P<0.01)
and growing pigs (1.7%; 4/231; P<0.01), but
the difference in the infection rates between
these groups was not significant (P>0.05). For

T. buttreyi, the nursery pigs had an infection
rate (77.2%; 78/101) significantly higher than
that of the preweaned pigs (26.8%, 45/168;
P<0.01) and growing pigs (37.7%, 87/231;
P<0.01). Furthermore, the infection rate difference between the preweaned and growing
pigs was also significant (P<0.05). For P.
hominis, the preweaned pigs had an infection
rate (11.9%, 20/168) significantly higher than
that of the nursery pigs (4.00%, 4/101;
P<0.05), but the difference in the infection
rates were not significant between these two
groups or any other two groups (data not
shown).

Molecular characterization of the trichomonad isolates
Nested PCR resulted in three specific bands
of approximately 452 bp (T. suis), 623 bp (T.
buttreyi), and 339 bp (P. hominis) (Fig. 2).

Fig. 2: Analysis of nested PCRs of T. suis, T. buttreyi, and P. hominis with 1% agarose gel electrophoresis,
shown on panel A-C respectively.
M: DL2000 DNA marker, 1 to 3: pigs fecal samples, Neg: negative control, Pos: positive control
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The T. suis nucleotide sequences from the present study showed 100% homology with the reference sequences from different hosts including
pig (KM205209), Bos taurus (AY055799), Sus scrofa
(AY055800), and Felis catus (AF466749). Similarly,
the P. hominis sequences from this study showed
100% homology with the reference sequences
from different hosts including pig (KM205209),

dog (KC953860), Felis catus (KC594038), Canis
lupus (KC953860), and Ovis aries (JX565028).
Among the T. buttreyi-positive samples, the 200
of them successfully sequenced exhibited
99.5%-99.8% sequence identity. The five different sequences observable in the alignment of the
200 sequences from this study only differed at
three variable positions (Fig. 3).

Fig. 3: Alignment of representative SSU rRNA sequences from the T. buttreyi isolates obtained in this study
and those of T. buttreyi isolates from other studies. Only nucleotide sequences that differ from the reference
sequence (JX565048) are indicated. Dots represent the consensus sequence of all the T. buttreyi strains were
shown
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These five representative sequences can be
classified into five sequence types referred to
as types 1, 2, 3, 4 and 5. Out of the 200 sequences, 102 (51.0%), 60 (30.00%), 22
(11.0%), 5 (2.5%), and 11 (5.5%) separated
into types 1, 2, 3, 4 and 5, respectively. In the
common part of our alignment (548 positions),
the sequence types 1, 2, 3, 4 and 5 also share
98.2%-100% identity with the homologous
sequences from T. buttreyi from other hosts,
including cattle, S. scrofas and Semnopithecus entellus (Fig. 2). The neighbor-joining trees confirmed without doubt that the sequences obtained in this study belong to T. suis, T. buttreyi,
and P. hominis (Fig. 4).

Discussion
Traditionally, trichomonad infections are diagnosed through microscopic examination of
fresh fecal samples or cultures of fecal samples. However, very often different trichomonad species that share similar morphological features cannot be differentiated by micro-

scopic examination (18, 19). Therefore, sensitive and specific molecular methods are now
used widely to identify trichomonad species
and strains (20-22). Although several porcine
trichomonad species have been described, only a handful of epidemiological reports documenting naturally occurring infections of pigs
with trichomonads around the world have
been published, partly because of the relative
lack of importance of these species in veterinary medicine (8, 23-25). In the present study,
the prevalence of the three trichomonad species in pigs in Anhui, East China, was investigated by nested PCR targeting the SSU rRNA
gene and genetic similarities among the three
trichomonads in pigs and other hosts were
also analyzed. We found that the overall infection rate for trichomonad species in the pigs,
as determined by PCR, was 47.4% (237/500).
This proportion is quite similar to the value
(43.0%; 68/158) for northeast China (8), but
lower than the value (52.1%; 100/192) from in
situ hybridization and the value (77.4%; 24/31)
from culture experiments (25).

Fig. 4: Phylogenetic relationships of the SSU rRNA nucleotide sequences from trichomonas isolates. Phylogenetic trees for T. suis, T. buttreyi, and P. hominis are shown in panels A–C, respectively. The trichomonad species isolates obtained in this study are indicated by triangles before their names.

Besides, six trichomonad species have been
identified in pigs, namely, T. suis, T. rotunda,
and T. buttreyi, H. acosta, T. batrachorum and P.
hominis (4, 6-8). Among these species, T. suis is
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the most common in various geographical locations of the world (25% in UK, 56.3% in
Japan, 12.0% in China, 64.5% in Austria). In
contrast, our study found a low prevalence
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(2.8%) of T. suis in pigs in East China. Indeed,
we found that T. buttreyi (42.0%) was the most
common species in the present study.
These results clearly differ from those reported for northeast China, where P. hominis
(24.1 %) was predominant, followed by T. buttreyi (14.6%) and T. suis (12.0%) (8). The differing prevalences of the trichomonad species
from the various studies may reflect possible
variations in the samples and in the examination methods used, as well as age, sample sizes,
seasonality, host health status, specimen collection timing, and geo-ecological conditions (26) .
In the present study, all the age groups were
positive for three trichomonads, which is consistent with the results of a previous study in
northeast China (8). Nevertheless, an agerelated difference was observed in the prevalence of the three trichomonads in this study.
T. suis and T. buttreyi had significantly higher
prevalence rates in nursery pigs than in
preweaned and growing pigs (P<0.01), whereas preweaned pigs had a significantly higher
infection rate for P. hominis than that of the
nursery pigs (P<0.05). Contrastingly, no significant relationship was found for the presence of the three parasite species and the animal age in previous studies conducted in
northeast China (8). The SSU rRNA sequences obtained from T. suis and P. hominis our
study were 100% identical to the sequences
obtained from other animal isolates, which is
consistent with previous observations (8).
Interestingly, most T. suis isolates from pigs
are the ‘cattle genotype’, while a few of them
are the ‘cat genotype’, as determined mainly by
the presence of a conserved single nucleotide
polymorphism in the internal transcribed
spacer-2 gene (24, 25). In the present study,
the genotypes of the T. suis isolates from pigs
remain unresolved, and additional experimental studies are needed to obtain better
genotyping.
Our study has also described minor allelic
variation in T. buttreyi from East China, a result similar to that of a previous study in
northeast China (8). The five representative
608

sequences from the present study contained
only three variable positions but allowed the
identification of five sequence types (types 1
to 5). The minor genetic distinctions between
the five types indicated that they were from
the same T. buttreyi strain. Some sequences
from different hosts currently available in
GenBank displayed 100% identity to types 1
to 3 in this work, respectively, and the majority of them belonged to the type 2 classification according to our BLAST check and comparative analysis. Moreover, type 1 (51.0%)
was found to be dominant in the present study,
followed by type 2 (30.0%) and type 3 (11.0%),
with a few pigs also infected with types 4 and
5.

Conclusion
Pigs can act as potential sources of trichomonad infections in humans and other animals. Because of the high frequency of human
contact with pigs in China, further studies are
needed to clarify the significance of pigs in the
epidemiology of trichomonads in humans and
other animals.

Acknowledgements
We thank all staff for their assistance with
this study. This study was supported by the
Provincial Science and Technology Major Project (16030701066), and the Key Projects of
Anhui Province University Outstanding Youth
Talent Support Program (gxyqZD2016220),
the Key Discipline Construction Program of
Anhui Science and Technology University
(AKZDXK2015A04) and the Key Program of
Anhui Science and Technology University
(ZRC2016478). We declare that the experiments complied with the laws of China when
they were performed.

Conflict of interest
The authors declare that there is no conflict
of interests.
Available at: http://ijpa.tums.ac.ir

Li et al.: Survey and Molecular Characterization of Trichomonads …

References
1.
2.

3.

4.

5.

6.

7.

8.
9.
10.

11.
12.

Felleisen RS. Host–parasite interaction in bovine infection with Tritrichomonas foetus.
Microbes Infect. 1999; 1(10):807-16.
Tolbert MK, Leutenegger CM, Lobetti R,
Birrell J, Gookin JL. Species identification of
trichomonads and associated coinfections in
dogs with diarrhea and suspected trichomonosis. Vet Parasitol. 2012;187(1-2):319-22.
Ibañez-Escribano A, Nogal-Ruiz JJ, Delclaux
M, Martinez-Nevado E, Ponce-Gordo F.
Morphological and molecular identification of
Tetratrichomonas flagellates from the giant anteater (Myrmecophagatridacty la). Res Vet Sci.2013;
95(1):176-81.
Li W, Li W, Gong P, Meng Y, Li W et al. Molecular and morphologic identification of Pentatrichomonas hominis in swine. Vet Parasitol.2014;
202(3-4):241-7.
Gookin JL, Birkenheuer AJ, St John V, Spector
M, Levy MG. Molecular characterization of
trichomonads from feces of dogs with diarrhea.
J Parasitol. 2005; 91(4):939-43.
Hibler CP, Hammond DM, Caskey FH et al.
The morphology and incidence of the trichomonads of swine,Tritrichomonas suis (Gruby &
Delafond), Tritrichomonas rotunda,n. sp. and
Trichomonas buttreyi, n.sp. J Protozool.1960;
7:159–71.
Mostegl MM, Richter B, Nedorost N et al. First
evidence of previously undescribed trichomonad species in the intestine of pigs? Vet
Parasitol. 2012; 185(2-4):86-90.
Li W, Li W, Gong P et al. The prevalence of
intestinal trichomonads in Chinese pigs. Vet
Parasitol. 2015;211(1-2):12-5.
Lun ZR, Chen XG, Zhu XQ, Li XR, Xie MQ.
Are Tritrichomonas foetus and Tritrichomonas suis
synonyms?. Trends Parasitol. 2005; 21(3):122-5.
Rivera WL, Lupisan AJ, Baking JM. Ultrastructural study of a tetratrichomonad isolated from
pig fecal samples. Parasitol Res.2008; 103(6):
1311-6.
Yao C, Köster LS. Tritrichomonas foetus infection,a cause of chronic diarrhea in the domestic cat. Vet Res. 2015; 46:35.
Tachezy J, Tachezy R, Hampl V et al. Cattle
pathogen Tritrichomonas foetus (Riedmüller, 1928)
and pig commensal Tritrichomonas suis (Gruby &
Delafond, 1843) belong to the same species. J

Available at: http://ijpa.tums.ac.ir

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Eukaryot Microbiol. 2002; 49(2):154-63.
Mostegl MM, Richter B, Nedorost N,
Maderner A, Dinhopl N, Weissenböck H. Investigations on the prevalence and potential
pathogenicity of intestinal trichomonads in
pigs using in situ hybridization. Vet Parasitol.
2011; 178(1-2):58-63.
Castella J, Muńoz E, Ferrer D, Gutiérrez JF.
Isolation of the trichomonad Tetratrichomonas
buttreyi (Hibler et al., 1960) Honigberg,1963 in
bovine diarrhoeic faeces. Vet Parasitol. 1997;
70(1-3):41-5.
Meloni D, Mantini C, Goustille J, Desoubeaux
G et al. Molecular identification of Pentatrichomonas hominis in two patients with gastrointestinal symptoms. J Clin Pathol.2011;
64(10):933-5.
Compaoré C, Kemta Lekpa F, Nebie L,
Niamba P, Niakara A. Pentatrichomonas hominis
infection in rheumatoid arthritis treated with
adalimumab. Rheumatology (Oxford). 2013;
52(8):1534-5.
Mantini C, Souppart L, Noel C et al. Molecular
characterization of a new Tetratrichomonas species in apatient with empyema. J Clin Microbiol.
2009; 47:2336–9.
Cobo ER, Campero CM, Mariante RM,
Benchimol M. Ultrastructural study of a tetratrichomonad species isolated from prepucialsmegma of virgin bulls. Vet Parasitol. 2003;
117(3):195-211.
Walker R, Hayes D, Sawyer S et al. Comparison
of the 5.8 SrRNA gene and internal transcribed spacer regions of trichomonadid protozoa recovered from the bovine preputial
cavity. J Vet Diagn Invest.2003;15:14.
Kleina P, Bettim-Bandinelli J, Bonatto SL,
Benchimol M, Bogo MR. Molecular phylogeny
of trichomonadidae family inferred from ITS1,5.8S rRNA And ITS-2 sequences. Int J Parasitol. 2004; 34(8):963-70.
Gookin JL, Stauffer SH, Levy MG. Identification of Pentatrichomonas hominis in feline fecal
samples by polymerase chain reaction assay.
Vet Parasitol. 2007; 145(1-2):11-5.
Malik SB, Brochu CD, Bilic I, Yuan J et al.
Phylogeny of parasitic parabasalia and freeliving relatives inferred from conventional
markers vs. Rpb1,a single-copy gene. PLoS
One.2011; 6(6):e20774.
Solaymani-Mohammadi S, Rezaian M, Hoosh-

609

Iran J Parasitol: Vol. 13, No. 4, Oct-Dec 2018, pp.602-610

24.

25.

610

yar H, Mowlavi GR, Babaei Z, Anwar MA. Intestinal protozoa in wild boars (Sus scrofa) in
western Iran. J Wildl Dis. 2004; 40(4):801-3.
Doi J, Abe N, Oku Y. Molecular survey of Tritrichomonas suis (=T. foetus) 'cat' and 'cattle' genotypes in pigs in Japan. J Vet Med Sci.2013;
75(4):475-9.
Mueller K, Morin-Adeline V, Gilchrist K,
Brown G, Šlapeta J. High prevalence of Tritrichomonas foetus 'bovine genotype' in faecal sam-

26.

ples from domestic pigs at a farm where bovine trichomonosis has not been reported for
over 30 years. Vet Parasitol. 2015; 212(34):105-10.
Huby-Chilton F, Scandrett BW, Chilton NB,
Gajadhar AA. Detection and identification of
Tetratrichomonas in a preputial wash from a bull
by PCR and SSCP. Vet Parasitol. 2009; 166(34):199-204.

Available at: http://ijpa.tums.ac.ir

