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ABSTRACT

Objective: Trichomonas vaginalis is the most common non-viral, sexually transmitted pathogen with a worldwide distribution. The aim of the pre-
sent study was to design a new genotyping tool for T. vaginalis isolates using internal transcribed spacer (ITS) sequences.

Methods: First, a total of 20 cryopreserved T. vaginalis isolates were thawed and genomic DNA was isolated from fresh cultures. A polymerase
chain reaction (PCR) was performed to amplify the ITS regions and the amplicons were sequenced. These sequences were aligned with others from
Genbank and polymorphisms were detected. At last, each ITS sequence was given a different sequence type.

Results: More than 99% homology was observed among sequences. Of 20 isolates, five had identical ITS sequence to reference (L29561) defined
as ITST1. Moreover, 13 had A58 deletion (ITST10), one had C203T mutation (ITST2), and one had both A58 deletion and C203T mutation (ITST11).
ITS typing of T. vaginalis sequences on Genbank revealed a total of 11 ITS types with the predominance of ITST1 (44.4%) globally.

Conclusions: ITS typing seems to be an applicable and useful tool for a better understanding of molecular epidemiology as well as for the disse-
mination of T. vaginalis clones.
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oz

Amag: Trichomonas vaginalis (T. vaginalis) cinsel yolla bulasan hastalik etkenleri arasinda viral patojenlerden sonra en sik gérilen tir olup kiresel
bir dagilim gostermektedir. Bu ¢alismanin amaci T. vaginalis internal transcribed spacer (ITS) dizilerini kullanarak parazitin genotiplendirilmesinde
yeni bir ydntemin ortaya konulmasidir.

Yontemler: Calismamizda 6ncelikle farkli olgulardan izole edilen ve kriyoprezervasyon yapilarak saklanan 20 T. vaginalis izolati canlandinlarak DNA
izolasyonlar yapilmisti. Bu éreklerin ITS bolgeleri polimeraz zincir reaksiyonu (PZR) ile cogaltiimis ve sekanslanmistir. Genbank’da yer alan diger
ITS sekanslari ile bu calismada elde edilenler siralanarak polimorfizmler belirlenmistir. Son olarak her bir farkli sekans icin sekans tipi tanimlanmistir.
Bulgular: Trichomonas vaginalis ITS sekanslar arasinda %99'a varan bir homoloji saptanmig olup bunlardan besinin (n=20,%40), referans olarak
secilen 129561 Genbank numarali ITST1 tipi T. vaginalis sekansi ile ayni oldugu gorilmistir. Bunun yani sira, izolatlarin 13'Gnde A58 delesyonu
(ITST10) ve birinde C203T mutasyonu (ITST2), birinde A58 delesyonu ve C203T mutasyonu (ITST11) tespit edilmistir. Diger Ulkelerden izole edilen
T. vaginalis izolatlaninin ITS sekanslan bizim ¢alismamizdakilerle birlikte degerlendirildiginde 11 farkli ITS sekans tipi tanimlanmis olup en sik ITST1
(%44.,4) saptanmistir.

Sonug: Calismamizda ITS sekanslarina gére gelistirilen bu genotiplendirme yaklasiminin T. vaginalis'in molekiler epidemiyolojisinin daha iyi anlasil-
masina ve izolatlarin birbirinden genetik olarak ayirt edilmesinde faydali oldugu distintlmektedir.
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INTRODUCTION

Trichomoniasis is the most common non-viral sexually transmit-
ted infection (STI) worldwide and is caused by Trichomonas
vaginalis, a flagellated, unicellular protozoon parasite of humans.
However, very little public health attention has been provided to
the disease (1). The World Health Organization reported an
increase of 11.3% in global new cases of T. vaginalis infections
from 248 to 276 million from 2005 to 2008 (2). It was reported that
the frequency of infection in the USA was 1.3% among white
Americans, 13.3% among African Americans, and 1.8% among
Mexicans. Additionally, 2%-50% of people in Africa were thought
to be infected with T. vaginalis (3, 4).

T vaginalis infection is usually characterized by vaginitis, urethri-
tis, and prostatitis; however, it may increase the risk of pelvic
inflammatory disease and tubal infertility (5, 6). Recent reports
have supported the idea that T. vaginalis may facilitate the trans-
mission of HIV, particularly Type | (7-9). Trichomoniasis may cause
profound health consequences, such as low birth weight infant,
and preterm birth, in pregnancy (10, 11). Metronidazole, a 5-nitro
imidazole derivative, is the primary drug of choice for trichomo-
niosis treatment; however, resistant cases to this drug have been
reported in the USA, Russia, Africa, and Europe (12-15).

Although most studies have mainly focused on the prevalence of
T. vaginalis and clinical characteristics of infection, little is known
about the genetic diversity of T. vaginalis to date. Currently, a
number of methods have been developed to discriminate T.
vaginalis isolates; these methods include multisequence typing,
microsatellite genotyping, and analyzing internal transcribed
spacer (ITS) sequences (16, 17). It was reported that sequence
analysis of ITS regions flanking the 5.8S subunit of the ribosomal
DNA gene was a powerful tool for discriminating different gen-
otypes (18).

The aim of the present study was to determine the genetic diver-
sity of T. vaginalis isolates from a routine laboratory technique
based on ITS sequences and also on a global scale.

METHODS

Isolates and Culture

In the study, we used cryopreserved T. vaginalis isolates that
were isolated from 20 patients at Adnan Menderes University,
Research and Training Hospital, Parasitology Laboratory between
2010 and 2014. The isolates were thawed, inoculated in trypti-
case yeast extract maltose medium, and incubated at 37°C. The
cultures were observed after 48 h with direct microscopic exam-
ination, and positive cultures were utilized for DNA isolation.

PCR Amplification and Sequencing
The parasites in the logarithmic phase were pelleted by centrif-
ugation for 5 min at 1500g. Genomic DNA was extracted from
pellets using the High Pure PCR Template Preparation (Roche
Applied Science, Berlin, Germany) according to the manufactur-
er's instructions and stored at —20°C.

The ITS region was amplified using primers as previously
described by Snipes et al. (18): TVITSF
(5'-ACCGCCCGTCGCTCCTACCGA-3) and TVITSR
(5'-CTCCGCTTAATGAG ATGCTTC-3'). The reaction was set in a

50-pL volume containing 0.4 pmol of each of the primers, 1.5 U
of Tag DNA polymerase, 0.2 mM of each dexynucleotide tri-
phosphate (dNTP), 2 mM magnesium chloride (MgCl,), and 1x
Tag buffer with ammonium sulfate (NH,),SO,. The amplification
was performed using a thermal cycler (TC-312, Techne,
Minneapolis, USA) following the following protocol: initial dena-
turation step at 94°C for 5 min and 35 cycles (30 s at 94°C, 30 s
at 54°C, and 60 s at 72°C) with a final extension step at 72°C for
5 min. A 5-8 pL of PCR product was run on a 2% agarose gel
using SYBR Safe (Invitrogen, California, USA) and 50-base pair
ladder marker (Thermo Scientific, Bartlesville, USA). The gels
were visualized using a gel documentation system (VilberLourmat,
Basel, Switzerland). PCR amplifications were purified and
sequenced by a commercial facility (Macrogen Inc., South
Korea). The sequences were aligned with references using
CLUSTAL X (19).

ITS Sequences of T. vaginalis from Genbank

In total, 36 ITS sequences were found at Genbank. The accession
numbers of these sequences were as follows: L29561, TVU86613,
AY957955, AY871048, AY871047, AY871046, AY871045, AY871044,
FJ813603, FJ813602, FJ813601, FJ813600, FJ813599, FJ813598,
JNOO07004, AY245136, FJ376711, EU816897, AY349186, AY349185,
AY349184, AY349183, KC513779, KC513778, KC513777,
KC513776, KC513775, KC513774, JQ768335, JQ768334,
JQ768333, JQ768332, JQ768331, JQ768330, KP221674, and
KF164606. However, 2 of these sequences, AY957955, and
KP221674, were excluded from the study. The sequence
AY957955 had many undefined nucleotides, (symbolized as N)
and the beginning as well as the end of the sequence KP221674
had multiple mismatches with the remaining sequences.

RESULTS

In total, 20 T. vaginalis isolates from patients at Adnan Menderes
University, Research and Training Hospital were included in the
present study. The ages of patients varied from 26 to 42 years
(meanz=standard deviation: 33.3+4.1). Total DNA was extracted
from samples, and T. vaginalis ITS region was amplified and
sequenced in all of the 20 culture-positive samples. The ITS
sequences of these 20 samples were aligned, which showed >99
similarity. Sequences were deposited to Genbank (Accession
Numbers: KP861811, KP861812, KP987798, and KP987799). The
longest T. vaginalis ITS sequence in Genbank (Accession
Number: L29561) was accepted as the reference ITS sequence.
The comparative analysis of our sequences against the reference
revealed that 5 of them (40%) were identical to the reference, 13
isolates had an “Adenine” deletion at the 58" position, one
isolate had a single substation (C203T), and one isolate had both
a deletion at the 58 position and a single substation (C203T).

In addition to our sequences, other T. vaginalis ITS sequences
from Genbank were downloaded and each different ITS
sequence was numerated. In total, eleven ITS types were
defined by comparing sequences. Among them, ITST10 and
ITST11 were from the present study. These sequences were dif-
ferent from the existing sequences in Genbank (Table 1). Based
on the nomenclature described in this study, ITST10 was the
most common ITS type among our samples (13 isolates, 65%),
followed by ITST1 (5 isolates, 25%), ITST2 (one isolate, 5%), and
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Table 1. ITS Typing; Distinct ITS types of sequences in Genbank and ITS sequences of the isolates*

Base number (accession no. L29561)
ITSType | 58 | 68 | 69 | 127|128 | 135|170 | 180 | 203 | 352 | 359 | 424 | 435 | 439 | Reference | Origin of isolate
ITST1 A A A T T G | T A C A A A L29561 USA
ITST2 T AY349186 Brazil
ITST3 T C T AY871046 China
ITST4 T FJ813603 Philippines
ITSTS c FJ813602 Philippines
ITST6 C FJ813600 Philippines
ITST7 T FJ813599 Philippines
ITST8 A A T C *C FJ376711 Brazil
ITST9 C AY349185 Brazil
ITST10 Del KP987798 Turkey
(Present Study)
ITST11 Del T KP987799 Turkey
(Present Study)
*Starting points: ITST2 and 9 at 137, ITST3 at 61, ITST4-7 at 131, ITST8 at 126, ITST10 and 11 at 46. *Insertion, *Del: deletion.
Table 2. Dissemination of T. vaginalis ITS types by country of 25 ITS sequences in Genbank and isolates from Turkey
Origin of ITS Types
country ITST1 | ITST2 | ITST3 | ITST4 | ITSTS | ITST6 | ITST7 | ITST8 | ITST9 | ITST10| ITST11| Total
USA 1 - - - - - - - - - - 1
Brazil 3 - - - - - 1 1 - - 6
China 1 3 1 - - - - - - - - 5
Czech 1 - - - - - - - - - - 1
Iran 3 3 - - - - - - - - - 6
Mexico 1 - - - - - - - - - - 1
Philippines 1 1 - 1 1 1 1 - - - - 6
Spain 6 - - - - - - - - - - 6
Switzerland 2 - - - - - - - - - - 2
Turkey 5 1 - - - - - - - 13 1 20
Total 24 9 1 1 1 1 1 1 1 13 1 54

ITST11 (one isolate, 5%). T. vaginalis ITS types were disseminat-
ed by country for 34 ITS sequences in Genbank and 20 isolates
from Turkey (Table 2).

DISCUSSION

T. vaginalis infection is among the most common STls all over
the world. A systematic understanding of the variation in geno-
types and outcomes are still lacking because of the low number
of molecular studies on T. vaginalis. In previous studies, Random
Amplified Polymorphic DNA analyses and ribosomal gene
sequences were used to determine the genetic polymorphism of
T vaginalis isolates. The studies primarily focused on the relation
between genotypes and possible outcomes such as clinical pic-
ture, resistance to drugs, and host specificity (20, 21). Hampl et
al. (20) suggested that the clinical picture and resistance to met-
ronidazole are related to the virulence and biological character-
istics of isolates. It was reported that the strains from asymptom-

atic and symptomatic cases were different in terms of zymodeme
patterns (22, 23). Another genotyping method for T. vaginalis
isolates is sequencing the ITS region. ITS sequences are
non-functional, neutrally evolving phylogenetic markers that are
found in all eukaryotic cells. They are located between ribosom-
al genes and are less conserved than active genes. Snipes et al.
(18) amplified the ITS region in 109 T. vaginalis isolates and
found a Céb mutation in 16 isolates. They also found a high
resistance in this group and concluded that it might be a result
of this mutation.

In our study, 5 of the 20 isolates had identical ITS sequence to
the reference sequence (ITST1), 13 had only an “Adenine” dele-
tion (ITST10), one had C203T point mutation (ITST2), and one
had both deletion at the 58" position and C203T point mutation
(ITST11). Additionally, ITST10 was the most common (13 out of
20, 65%) ITS type in our study population. Although 2 ITS types
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(ITST10 and 11) have not been reported yet in other parts of the
world, we think that it is because of the absence of the data and
lack of genotyping studies of T. vaginalis. ITS typing of more
isolates from different regions in Turkey and the world will help
us better understand the molecular epidemiology of the para-
site, the relations among genotypes, and the virulence as well as
resistance. In accordance with our study, Ibanez-Escribano et al.
(24) reported a stable mutation in 26% of isolates and 99.7% ITS
nucleotide sequence identity.

The analysis of ITS sequences in Genbank showed that ITST1
was the most common ITS type (24 out of 54, 44.4%) on a global
scale. These ITST1 isolates were reported from a variety of coun-
tries such as USA, Brazil, Philippines, Spain, China, Switzerland,
Czech Republic, Iran, Mexico, and Turkey. The second most
common genotype ITST2 (? out of 54, 16.6%) was reported from
Philippines, China, Brazil, Iran, and Turkey. ITST3 was reported
from China. ITST4, 5, 6, and 7 were reported from Philippines.
ITST8 and 9 were reported from Brazil. Finally, ITST10 and 11
were reported from Turkey. The only available sequence from
the USA was ITST1. There were 6 sequences from Brazil, 3 of
them were ITST1 (50%) and the remaining were singleton ITST2,
ITST8, and ITSTY. In total, 5 sequences were reported from
China and 3 (60%) were ITST2 and one (20%) was ITST1 and
ITST3 each. From Philippines, 6 sequences were reported, one
from each ITS types 1, 2, 4, 5, 6, and 7. One sequence reported
from Czech Republic was ITST1. All of the 6 sequences from
Spain and 2 from Switzerland were ITST1. There were 6 sequenc-
es from Iran, 3 of them were ITST1 (50%), and the remaining
sequences were [TST2.

CONCLUSION

In the present study, we have genotyped T. vaginalis isolates by
ITS sequencing in Turkey as well as we contributed a new
approach for sequence-based genotyping; thus, the current
findings have a potential of being a base for future studies.
Further studies should be performed to show a relation between
genotype and clinical outcome, virulence, resistance, and patho-
genicity.
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