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Accepted 05 Jun 2016 Background: The aim of this study was to identify the Trichomonas vaginalis
strains/haplotypes based on identifying their probable vatiations in asymptomatic
patients referred to Tabriz health centers, northwestern Iran.

Keywords: Methods: Sampling was taken from 50-suspected women to 1. vaginalis in north-
Trichomonas vaginalis western Iran. The obtained samples were smeared and cultured. Fifty DNA sam-
Actin gene ’ ples were extracted, amplified and identified by nested polymerase chain reaction

Genotypes, and PCR-RFLP of actin gene using two endonuclease enzymes: Msel and Rsal.
To reconfirm, the amplicons of actin gene were directly sequenced in order to
identify the strains/haplotypes.

Results: PCR-RFLP patterns, sequencing and phylogenetic analyses revealed def-
initely the presence of the G (n=22; 73.4%) and E (n=8; 26.6%) strains. Multiple
*Correspondence alighments findings of genotype G showed five haplotypes and two amino acid
Email: substitutions in codons 192 and 211 although, no remarkable unique haplotype
mahamim@tbzmed.ac.ir | was found in genotype E.

Conclusion: The accurate identification of T. vaginalis strains based on discrimina-
tion of their unknown haplotypes particularly those which are impacted on protein
translation should be considered in parasite status, drug resistance, mixed infection
with HIV and monitoring of asymptomatic trichomoniasis in the region.

Asymptomatic infection
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Introduction

richomonas vaginalis, the etiologic agent

of human trichomoniasis is an anae-

robic flagellated protozoan parasite,
which is presented a broad spectrum of clini-
cal manifestations ranging from asymptomatic
to severe cervicitis, urethritis and vulvo-
vaginitis. Trichomoniasis enhances the risk of
human immunodeficiency virus transmission,
pelvic inflammatory disorder, infertility and
adverse pregnancy outcome (1-5).

The global incidence of the parasite is more
than 170 million cases, inclusive 2-8% in Iran,
25% in United States, 11-25% in Africa and
6.8% in India (6, 7).

The clinical presentations in symptomatic
patients are principally included itching, leu-
korrhea and macular colpitis (4, 5). However,
the asymptomatic women may also experience
abdominal pain, irritation, and discomfort.
Definitely, at least part of mentioned patho-
logical signs in asymptomatic patients could
be due to the genetic diversity of the parasite
strains to express virulence factors, which in-
crease cytoadherence, cytolysis and cell de-
taching (6). Hence, rapid accurate identifica-
tion of virulent and non-virulent strains of T.
vaginalis along with characterization of their
unknown mutants could be genetically distin-
guished and evaluated by making use of well-
known molecular analyses.

Determination of heterogeneity traits (tran-
scription and/or translations levels) of 1. vagina-
Uis strains especially in who are carrier individuals
and asymptomatic patients could be prognosed
a real drawing of virulence/pathogenicity inten-
sity, re/emergent strains and taxonomic status
of parasite in the region (8, 9).

The early techniques including morphologi-
cal and/or biochemical characters chiefly
isoenzyme analysis were utilized for Trichomo-
nas isolates (4, 5). However, a rapid well
known method for detecting T. vaginalis iso-
lates would be a very useful adjunct technique
in indigenous regions where a range of asymp-
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tomatic to symptomatic trichomoniasis are
circulating unambiguously.

The development of DNA-based techniques
have been employed for demonstration of ge-
netic diversity of 1. vaginalis strains, include
random amplified polymorphic DNA (RAPD),
PCR-hybridization, multilocus sequence typ-
ing (MLST), microsatellite (MS) genotyping,
restriction fragment length polymorphism me-
thod (RFLP) however, each of them have
their own specific difficulties in during expe-
riment( 10-14).

On the one hand, some studies have intro-
duced the sequencing as a firm method able to
detect the heterogeneity/homogeneity traits in
both DNA (haplotype) and protein (amino
acid) levels (15, 16).

The various genes used in molecular typing
of T. wvaginalis isolates, for example ITSI,
HSP70, 18stRNA, and actin genes (12, 17- 19).
It is noteworthy that the actin gene as a semi-
conserved marker can apply as an appropriate
candidate in typing of T. vaginalis isolates based
on designed profiles of RFLP method (19).

The aim of this study was to characterize the
genotypes of 1. vaginalis isolates based on RFLP
and phylogenetic analyses of actin gene in asymp-
tomatic women of northwestern Iran along with
identification of their probable variations to get a
better approach of parasite taxonomy, pathoge-
nicity rate, monitoring and surveillance of asymp-
tomatic trichomoniasis in the region.

Materials and Methods

E'thics Statement

All human participants were enrolled in con-
formity with informed consent, privacy and
confidentiality of patients who were sampled
and analyzed anonymously during study (No.
92-95).

Sampling and culturing
Fifty suspected women samples to tricho-
moniasis aged over 18 yr were collected from
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both vaginal infections and urine alluvium re-
ferred to Tabriz health centers, northwestern
Iran from 2013-2014. Wet mounts examina-
tions were done for all samples and all were
cultured in 50 ml of Diamond broth medium
at 37 °C under aerobic conditions. The pH of
the medium was adjusted according to the re-
quirement of the respective trichomonad.

DNA extraction and PCR-RFLP

The genomic DNA was extracted by the ex-
traction kit (Takapouzist) from medium fol-
lowing the manufacturer’s instructions. The
target of nested-PCR was chosen within the
actin gene with outer (OPs) and inner (IPs)
primers (19). The OPs used were TV8S (5°-
TCTGGAATGGCTGAAGAAGACG-3")  and
TVIR (5-CAGGGTACATCGTATTGGTC-3")
and 1Ps used were TV10S (5°-
CAGACACTCGGTTATCG-3") and TvliR (5°-
CGGTGAACGATGGATG-3"). The size of the
target was 1100 bp, which is only 28 bp short-
er than the full length of the open reading
frame of the actin gene. The volume was ad-
justed to 20ul. with distilled water, and 10uL
of DNA extract was added to each reaction
mixture for the amplification with the outer
primers with inner primers, the volume was
adjusted to 20 pL. with distilled water too, and
8 uL of amplified products was added to each
reaction mixture. PCR amplification was pet-
formed in two stages in a thermocycler (19).
The first stage consisted of ten cycles. Each
cycle consisted of 30 s of denaturation at
94 °C, 30 s of annealing at 55 °C, and a 3 min
extension at 72 °C. The first cycle was fol-
lowed by 5 min of denaturation at 95 °C. The
second stage consisted of 25 cycles with the
same denaturation and annealing steps. The
extension step was extended by 5 s per cycle.
The last cycle was followed by a 7 min final
extension at 72 °C. PCR products were sub-
jected to electrophoresis in 2% agarose gel
and were observed under ultraviolet light after
staining for 15min with (0.5 g/mL) ethidium
bromide. In order to conduct the PCR-RFLP
method, all PCR amplicons were digested for
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4 h at 37 °C with restriction enzymes Rsal and
Mesl using buffer recommended by the man-
ufacturer (Fermentas, Vilnius, Lithuania) (19).

Endonuclease reaction of actin gene was
performed in a volume of 30 pl containing 1
ul of Rsal (blind-end digestion) with cut site
GT|JAC, 1 ul of Mesl (sticky-end digestion)
with cut site TT|AA, 10 ul of PCR products,
3 pl of 10X buffers, and 16 pl of distilled wa-
ter. Restriction fragments of amplicons were
electrophorezed using a 3 % (w/v) agarose gel
at 100 V for 60 min.

Sequencing and Phylogenetic analysis

To reconfirm the RFLP results, 30 amplified
PCR products were directly sequenced by tar-
geting actin gene in both directions using the
inner primers by ABIPRISMTM 3130 Genetic
Analyzer automated sequencer (Applied Bio-
system, USA). Ambiguous heterozygous) sites
were coded using the standard IUPAC codes
for combinations of two or more bases. Con-
tigs from all samples were aligned and edited
in consensus positions compared to GenBank
sequences of all regional species in order to
homology of novel haplotypes with the using
Sequencher Tmv.4.1.4 Software for PC (Gene
Codes Corporation) (http://multalin.toulo-
use.inra.fr/multalin). DNA sequences after
translation to protein were analyzed in order
to identify the probable amino acid substitu-
tions. Maximum likelihood (ML) tree was
constructed via MEGA v5.05 for showing the
phylogenetic position of common and new
haplotypes of the actin gene sequences based
on the Kimura 2-parameter model of nucleo-
tide substitution search by stepwise addition
of 100 random replicates and bootstrap values
with 1000 replicates (20).

Results
Actin-PCR-RFLP analysis
Of 50-suspected T. vaginalis isolates, 30 were

examined by PCR-RFLP analysis of the nuc-
lear actin region. The fragment size of PCR
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amplicons (1100 bp) was digested by restriction
enzymes Rsal and Msel. The order of frequen-
cy, genotypes G (n=22; 73.4%) and E (n=8;
26.6%0) were unequivocally discriminated.

The genotype G with fragment sizes of 581
and 519 bp was digested by Msel also, the ge-

1 10 20 30 40 50

notype E with fragment sizes of 103, 87, 2306,
568, 106 bp was digested by Rsal in asymp-
tomatic patients (Fig. 1) however, no other
expected genotypes were distinguished in the
region.
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Fig. 1: A: PCR-RFLP observation in isolated samples based on actin gene. Lane 1; M: 50bp size marker, lane
2: genotype G digested by Mse 1, lane 3: genotype E digested by Rsa 1, lane 4: -Ve :negative control.
B: Amplified actin gene with size 1100 bp. M: 100bp size marker
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Fig. 2: Amino acid sequence alignments of actin gene of genotype G based on new detected amino acids and
reference sequences in the study
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Analysis of the actin gene

Partial nucleotide sequences obtained for the
actin gene of thirty T. vaginalis isolates were
edited and aligned with published sequences
for the G and E genotypes. Twenty-two iso-
lates produced identical sequence to the geno-
type G while eight isolates had identical se-
quence to the genotype E. In total, five differ-
ent single nucleotide changes in the open
reading frame (ORF) of the actin gene were
detected. The multiple alignment of two (Tab
10) of 22 genotype G showed the amino acid
substitutions in codons of 192 [Aspartic acid;

i
o0

100

(D) replaced with Glycine; (G)] and 211 [Ar-
ginine; (R) replaced with Leucine; (L)] (Fig. 2),
although no other genotypes G and E showed
any significant nucleotide substitution and
amino acid replacement. Phylogenetic analysis
was conducted using our new (Tab 10: Gen-
Bank accession no. KP870142) and common
haplotypes of actin genes with those, which
were submitted in GenBank using MEGA
v5.05 (Fig. 3). Tetratrichomonas gallinarum and
Tritrichomonas suis were considered as out
group branches (GenBank Accession nos.

AB468096 and AB4698092).

B Trichomonas vaginalis Genotype E *]
EU076580 Trichomonas vaginalis Genotype E
KF747375 Trichomonas vaginalis Genotype E
39| |KP400515 Trichomonas vaginalis Genotype E
KP400516 Trichomonas vaginalis Genotype E
EU076584 Trichomonas vaginalis Genotype H
EU076579 nchomonas vaginalis Genotype H
EU076581 Trichomonas vaginalis Genotype H
KF747377 Trichomonas vaginalis Genotype G
|~ M KP870142 Trichomonas vaginalis Tab10 Genotype G *7]
3 | EU076578 Trichomonas vaginalis Genotype G

49
7

EU076585 Trichomonas vaginalis Genotype M

{)E U076586 Trichomonas vaginalis Genotype M
B 1 EU076589 Trichomonas vaginalis Genotype M

L EU076583 Trichomonas vaginalis Genotype M

AB468096 Tetratrichomonas gallinarum 7]

0.02

AB468092 Tritnichomonas suis ]

Fig. 3: The Phylogeny of Trichomonas genotypes according to the maximum-likelihood (ML), tree was
conducted based on the multiple sequence alignment (haplotypes) of actin gene by MEGA5.05. Only
bootstrap values of higher than 70% are indicated on each branch. Distance represents the number of base
substitutions per site. Tetratrichomonas gallinarum and Tritrichomonas suis were considered as out group branches
(GenBank Accession nos. AB468096 and AB4698092). *= Identified genotypes in this study

Discussion

Trichomoniasis is noticed as an emerging
sexual disease, which its association with HIV
infection has led to a renewed attention in
asymptomatic women (21). It is still not ob-
vious why a number of individuals infected
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with T. vaginalis become symptomatic whilst
the rest remain asymptomatic.

The identifying molecular variation by strain
typing techniques and function of host factors
play a crucial role in leading to asymptomatic
infection which can be used to study modes of
transmission, epidemiology, virulence factors
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of parasite (cytoadherence, cytolysis and cell
detaching) and drug resistance (5, 0).

In this study, the genotypes G and E of T.
vaginalis isolates were unequivocally identified
by standardized profile of RFLP method con-
taining amino acid substitution of genotype G
in asymptomatic trichomoniasis of Iranian
isolates where there was no comprehensive
molecular typing study on genotypic traits of
parasite. The PCR-RFLP method described
here allows T. vaginalis isolates to be easily and
rapidly distinguished using size and sequence
of the nuclear genomic actin gene (12, 19).

Until now, the hopeful molecular typing
strategies have been described for discriminat-
ing T. vaginalis isolates based on RAPD tech-
nique used five random primers (OPD1-
OPD5) and two primers complementary,
RFLP with a heat shock protein 70 (HSP70)
and actin genes (12, 19, 22). RAPD pattern
can detect the trichomoniasis symptomatic
and asymptomatic in women as well as the
metronidazole resistance and genetic variabili-

ty of 'I. vaginalis isolates in clinical presentation.

The findings of the current investigation is
similarity supported by a study which had
been comprehensively accomplished the iden-
tifying the different genotypes of T. vaginalis in
symptomatic patients based on RFLP method
of actin gene (19).

In this investigation, no more unique haplo-
types were found among sequences of geno-
types G and E. This can be described by high
copy number of actin gene and its diploid trait
(18). However, the identified unique haplo-
types and amino acid substitutions in genotype
G can be potentially alerted to presence of
emergent species/strains of 1. vaginalis, patho-
genicity rate and drug resistance against me-
tronidazole, which should be considered in
follow-up, and surveillance of patients in the
region.

“The PCR-RFLP employed here examines
directly the parasite genome; thus, the poten-
tial difficulties of environmentally and host-
induced phenotypic variations are eliminated
during our each experiment, furthermore, un-
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like methods that depend on chance detection
of target DNA by random primers” (23), the
applied region of this study is part of the
much studied conserved region. “This ap-
proach is appropriate for discrimination of
other closely related parasite groups, particu-
larly in regions where strains occur sympatri-
cally” (19).

The actin gene as a ubiquitous protein
played a key role in morphological changes,
formation of filaments, cell motility, virulence,
and the importance of cytoskeletal integrity
tor T. vaginalis cyto-pathogenicity (24-26). In
addition, due to existence of semi-conserved
region of actin gene it is noticed as a well-
known marker in distinguishing of closely re-
lated Trichomonas genotypes while the internal
transcribed spacer region of the rDNA was
not broadly considered the appropriate target
for the PCR-RFLP. This can justified by lack
of showing polymorphism range and to be its
conserved (18).

Conclusion

The present study provides invaluable me-
thod regarding the identifying of 1. vaginalis
genotypes from asymptomatic infections
based on RFLP method and phylogenetic ana-
lyses. Findings reveal that the accurate identi-
fication of heterogeneity traits of 1. vaginalis
isolates particularly those which are affected
on protein level should be considered in drug
resistance, mixed infection with HIV, moni-
toring and surveillance of asymptomatic tri-
chomoniasis in the region. Since Trichomonas is
the most prevalent non-viral STD, following
strains within potential patents is an ideal epi-
demiologic tool to study sexual networks and
the transmission dynamics of STDs.
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