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A B S T R A C T

Trichomonas gallinae is a globally distributed protozoan parasite, mainly affect the upper avian digestive tract
and can bring huge economic losses to pigeon industry. The objective of the present study was to determine the
prevalence and genotypes of T. gallinae in Beijing, China. A total of 569 samples of throat swabs of pigeon were
collected from pigeon farms in Shunyi District, Fangshan District, Daxing District and Miyun District of Beijing.
The overall prevalence was 28.30%. The significant difference in infection rates was not observed between
regions, but was found between age groups. The highest prevalence was nestling pigeons (33.16%), followed by
adolescent pigeons (30.05%) and breeding pigeons (20.59%). Moreover, genotype A and B of T. gallinae were
identified by sequencing the ITS1/5.8S/ITS2 regions and phylogenetic analysis. To our knowledge, this is the
first report to display the prevalence and genotype of T. gallinae from Beijing, China.

1. Introduction

Avian trichomonosis, a globally parasitic disease, is caused by the
protozoan Trichomonas gallinae (Amin et al., 2014; Forrester and Foster,
2008). The main hosts of T. gallinae are columbiformes. The infected
birds are mainly characterized by caseous masses and ulceration in the
oral cavity and other parts of upper digestive tract, which can affect
feeding and even can cause starvation or suffocation (Stabler, 1947;
Stabler and Herman, 1951; Borji et al., 2011). Therefore, T. gallinae is a
major threat to pigeon industry.

The prevalence of T. gallinae in pigeons has been increasingly re-
ported in the world,such as Australia (McKeon et al., 1997), Slovenia
(Dovc et al., 2004), Mauritius (Gaspar Da Silva et al., 2007), Spain
(Sansano-Maestre et al., 2009), Seychelles (Bunbury, 2011), Iran
(Nematollahi et al., 2012), Brazil (Ecco et al., 2012), Germany (Stenkat
et al., 2013), United States (Girard et al., 2014), Switzerland (Schreiber
et al., 2015) and Egypt (El-Khatam et al., 2016).

In China, several reports have revealed a high prevalence in Sichuan
Province (Huang et al., 2008), Guangdong Province (Luo et al., 2006;
Qiu et al., 2012) and Shandong Province (Jiang et al., 2016). Moreover,

T. gallinae genotype B was identified in Guangdong Province (Qiu et al.,
2017) and genotypes A, B and Trichomonas tenax-like strains have been
discovered in Shandong Province (Jiang et al., 2016) by analysing the
ITS1/5.8S/ITS2 regions respectively. Nevertheless, the data about epi-
demiological surveys is not available in other areas of China. Therefore,
the objective of the present study was to systematically investigate the
prevalence and genotypes of T. gallinae in Beijing, China.

2. Materials and methods

2.1. Birds sampling and study area

Oral swab samples were collected according to the previous studies
(Girard et al., 2014; Rogers et al., 2016) between June and September
2017. Briefly, the oral cavity of pigeons was gently swabbed 2–3 times
using a cotton-tipped applicator moistened with sterile saline, and the
swab was placed into 1.5 ml centrifuge tubes equipped with tryptone/
yeast extract/maltose (TYM) medium (Diamond, 1957). A total of 569
samples were collected from pigeon farms in Shunyi District, Fangshan
District, Daxing District and Miyun District, where most domestic
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pigeons of Beijing area are farmed. The samples were divided into 3
groups according to the age of the pigeons: nestlings (< 1month old),
adolescents (1–6months old) and breedings (> 6months old).

2.2. Parasite culture

All the oral swabs were transported directly to laboratory and cul-
tured in tryptone/yeast extract/maltose (TYM) medium containing 10%
fetal calf serum at 37 °C for 3 days (Diamond, 1957; Bunbury et al.,
2005; Sansano-Maestre et al., 2009). All culture samples were micro-
scopically detected by oil immersion lens (400× magnification) for the
presence of Trichomonas Spp. Positive samples were stored in TYM
medium supplemented with 5% of DMSO (Sigma-Aldrich, USA) at
−80 °C for further experiment.

2.3. DNA extraction

Parasites were recovered from the positive samples by centrifuga-
tion at 800g for 5min. Supernatant was discarded and the resulting
pellet was washed three times using sterile phosphate buffered saline.
Finally, the sediment was re-suspended in 200 μl of PBS. DNA was ex-
tracted with a commercial EasyPure® Genomic DNA kit (Beijing
TransGen Biotech Co., Ltd., China). The extracted DNA was stored at
−20 °C for further analysis.

2.4. PCR

The ITS1/5.8S/ITS2 sequence of the T. gallinae was amplified with
the forward primer: TFR1 (5′-TGCTTCAGCTCAGCGGGTCTTCC-3′) and
reverse primer: TFR2 (5′-CGGTAGGTGAACCTGCCGTTGG-3′)
(Felleisen, 1997). PCR was carried out in 50 μl of a mixture containing
2 μl of the extracted DNA template, 10 μM of each primer, 5 μl
10× TransTaq® HiFi bufferI/II, 4 μl dNTPs (2.5 mM), 1 μl TransTaq®
HiFi DNA Polymerase and add ddH2O to a total volume of 50 μl. A
negative control was conducted with the same volume ddH2O water in
place of DNA to confirm absence of contamination. PCR was performed
using the following conditions: initial denaturation at 95 °C for 5min,
followed by 35 cycles of 30 s of denaturation at 95 °C, 30 s of annealing
at 58.7 °C and 30 s of extension at 72 °C. And 10min at 72 °C for a final
extension. The PCR products were detected through 1% agarose stained
with GoldViewII (Solarbio, Beijing) and visualized under ultraviolet
light.

2.5. Sequencing and phylogenetic analysis of the ITS1–5.8S-ITS2 region

Positive PCR products were obtained and then submitted to Liuhe
Beijing Huada gene science and Technology Co., Ltd. for bidirectional
sequencing. Chromatograms of the forward and reverse sequences were
manually examined and assembled with Lasergene SeqMan software
(DNASTAR, Madison, Wisconsin, USA). We search every sequence for
the most matched sequences from GenBank by NCBI Blast and down-
loaded as reference sequences. Phylogenetic analysis was performed
with MEGA 6.0 (Tamura et al., 2013) using the Neighbor-joining,
Minimum evolution and UPGMA algorithm in a Kimura2-parameter
model, and the branch reliability was analysed using 1000 bootstrap
pseudo-replicates.

2.6. Statistical analysis

The chi-square test by SPSS 18.0 (SPSS Inc., IBM Corporation,
Somers, NY) was used to examine the infection differences between age
groups and areas. P < 0.05 was considered statistically significant.

2.7. Nucleotide sequence accession numbers

The sequences obtained in this study were deposited in GenBank

with accession numbers: MH733816-MH733822.

3. Results

3.1. Prevalence of T. gallinae

In this study, A total of 569 samples of throat swabs of pigeon were
collected from pigeon farms in Shunyi District, Fangshan District,
Daxing District and Miyun District of Beijing. And 161 (28.30%) were
microscopically tested positive for T. gallinae infection. Among the
positive samples, 39 (25.61%) samples were collected from Shunyi
District, 40 (28.57%) samples were collected from Miyun District, 45
(31.03%) samples were collected from Daxing District and 37 (28.68%)
samples were collected from Fangshan District (Table 1), separately.
There was no significant difference in prevalence among the four areas
(P > 0.05). The prevalence in different age groups ranged from
20.59% to 33.16%. The highest prevalence was found in nestling pi-
geons (33.16%, 65/196), followed by adolescent pigeons (30.05%, 61/
203) and breeding pigeons (20.59%, 35/170). The difference in pre-
valence was statistically significant among different age groups
(χ2= 7.57, d. f. = 2, P < 0.05) (Table 2).

3.2. PCR and sequences analysis

One hundred and sixty-one samples' ITS1/5.8S/ITS2 region were
successfully amplified by PCR with specific primers and obtained the
fragment of around 350 bp, which was consistent with previously
published studies (Felleisen, 1997). From all these PCR positive sam-
ples, fifty were randomly selected and sequenced. According to the
results of sequencing, seven unique sequences were obtained and de-
signated MH733816 (371 bp), MH733817 (341), MH733818 (341 bp),
MH733819 (368 bp), MH733820 (356 bp), MH733821 (356 bp),
MH733822 (343 bp), respectively. The identity of all the above se-
quences with the submitted sequences is ≥99%.

3.3. Phylogenetic analysis

According to previous studies, the T. gallinae were separated into
four distinct groups on the basis of the ITS1/5.8S/ITS2 region, namely,
genotype A, genotype B, genotype T. tenax and T. tenax-like group
(Jiang et al., 2016). Phylogenetic tree of ITS1/5.8S/ITS2 sequences
from present study and other geographic locations were constructed
with the Neighbor-Joining, Minimum evolution and UPGMA method.
Highly similar results, both topological structures and bootstrap values,
were obtained (Fig. 1). The bootstrap values (> 70%) obtained by the
three different methods were shown next to the branches, respectively.

Table 1
Prevalence of T. gallinae in pigeons from Shunyi District, Fangshan District,
Daxing District and Miyun District of Beijing.

Region No. tested No. positive Prevalence (%)

Shunyi 155 39 25.16
Miyun 140 40 28.57
Daxing 145 45 31.03
Fangshan 129 37 28.68
Total 569 161 28.30

Table 2
Prevalence of T. gallinae in different age groups of pigeons.

Age No. tested No. positive Prevalence (%)

Nestling 196 65 33.16
Adolescent 203 61 30.05
Breeding 170 35 20.59
Total 569 161 28.30
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All the sequences except MH733817 were clustered in the genotype B
clade, while MH733817 was clustered in the genotype A clade (Fig. 1).

4. Discussion

The present study demonstrated that the infection of T. gallinae is
common in domestic pigeon farms in Beijing, China, with the infection
rates range from 25.16% to 31.03%. Previous studies have shown
higher infection rate of pigeon farm in Shandong Province (33.8%,
Jiang et al., 2016), Guangdong Province (33.9%, Qiu et al., 2012) and
Sichuan Province (75.12%, Huang et al., 2008) in China. And detection
methods, management level and sample size may be the main causes of
infection deviation. The infection rate of the parasites varies greatly
with the geographical location. The higher prevalence was discovered
in Isfahan, Iran (57%, Nematollahi et al., 2012), in Perth, Australia
(59%, McKeon et al., 1997), in the UK (60%, Lennon et al., 2013) and
on the east of the Iberian Peninsula (44.8%, Sansano-Maestre et al.,
2009). While much lower prevalence of T. gallinae was found in Egypt
(1.9%, El-Khatam et al., 2016), in Spain (4.9%, Martínez-Herrero et al.,
2014) and in Ljubljana, Slovenia (7.9%, Dovc et al., 2004). There could
be a few explanations for this situation. First, the species of Columba in
different places are not always same. And the prevalence varied sig-
nificantly among species, for example, a report conducted by Schulz
et al. (2005) showed a lower prevalence (5.6%) of Trichomonas gallinae
in Mourning doves, while a higher infection rate (50.3%) was found in
Mauritian pink pigeon (Bunbury et al., 2008). Second, trichomonas can
be detected by three methods: culture methods, wet-mount methods
and PCR. And the sensitivity varies with methods (Ohlemeyer et al.,
1998; Riley et al., 1995). Other factors could also cause the differences,
such as climate difference, management level and sample size.

Unlike in Shandong province, China, where the highest infection
rate was detected in adolescent pigeons and the lowest infection rate
was found in nestling group (Jiang et al., 2016), the present study
showed that the prevalence of T. gallinae in nestling pigeons was sig-
nificantly higher than adolescent pigeons. This result was consistent
with the previous studies from South Khorasan in Iran and from Min-
oufiya in Egypt, where the infection rates between nestling pigeons and
adolescent pigeons were 93.18% vs 31.03% (Radfar et al., 2012) and
2.13% vs 1.87% (El-Khatam et al., 2016), respectively. The higher
prevalence in nestling pigeons probably owing to some reasons: First,
the nestlings are fed crop milk from infected adults. Second, infection
can occur through contaminated food with the parasites in feeders and
water. Third, the resistance of pigeons to infection with T. gallinae may
increase with age.

The seven unique sequences obtained in this study were divided into
two branches by phylogenetic analysis. MH733816, MH733818,
MH733819, MH733820, MH733821 and MH733822 together with
LC136936 (Egypt), KX459474 (Germany), KJ721784 (Shandong,
China), EU881912 (Spain), EU881917 (Spain), EU881914 (Spain) were
clustered in genotype B group, while MH733817 along with 4 isolates
from Spain (JN007005, EU881913, EU881916 and EU881911), 2 iso-
lates from Australia (JQ755283 and FN433476), 1 isolate from USA
(EU215368) and 1 isolate from Brazil (AY349182) were clustered in
genotype A group. Consistent with previous studies that the patho-
genicity of genotype A is stronger compared with genotype B (Martínez-
Herrero et al., 2014; McBurney et al., 2015), the genotype A isolated in
our study was recovered from pigeons with oral lesions. Though the
majority of the pigeons infected with genotype B were seemingly
healthy, severe pigeons with ulceration in the oral cavity were also
observed. This result was in line with the study of Sansano-Maestre

Fig. 1. Phylogenetic tree of T. gallinae based on ITS-
1 and 5.8S rRNA and ITS2 region by the Neighbor-
Joining, Minimum evolution and UPGMA method.
Bootstrap method was uesd to test the phylogenetic
tree with 1000 replications. The bootstrap values
(> 70%) obtained by the three different methods
were shown next to the branches respectively.
Pentatrichomonas hominis is included as an outgroup.
T. gallinae genotypes identified and characterized in
the present study are indicated in bold-type.
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et al. (2009). Therefore, further studies to find out the relationship
between pathogenicity and genotype of Trichomonas is certainly
needed.

5. Conclusions

In conclusion, the present survey first reports the prevalence and
genotypes of Trichomonas spp. in domestic pigeons in Beijing, China.
The average infection rate is 28.30% and the highest prevalence was
discovered in nestling pigeons. Furthermore, both genotype A and B
were identified in domestic pigeons in our studies. These findings en-
rich the epidemiological data of T. gallinae infection and are useful for
further research on the molecular epidemiology and control of T. gal-
linae infection in poultry in China.
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