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Abstract

Background: In spite of sufficient knowledge about phenotypic variation of

Trichomonas vaginalis, its genetic characteristics are poorly understood. We carried
out a molecular epidemiology study in which in vitro metronidazole susceptibility of T. vaginalis isolates was considered.
Keywords:
Methods: This study was conducted on 862 women admitted to Gynecology
Genotype,
Clinics in Hamadan, west of Iran, during 2014-2015. After recording the socioParasite,
demographic and clinical characteristics of participants, vaginal swab samples
Prevalence,
were taken and subjected to microscopic examination, culture, in vitro sensitiviTrichomonas vaginalis,
ty testing and PCR-restriction fragment length polymorphism (RFLP) analysis.
Iran
Results: T. vaginalis was detected in 1.9% (16/862) of the samples using two
parasitological methods. The all T. vaginalis isolates that subjected to drug sus*Correspondence Email:
ceptibility analysis were sensitive to metronidazole with MICs ranged from 0.4
a.h.maghsood@umsha.ac.ir to 12.8 µg/ml. T. vaginalis genotyping by using actin gene and PCR-RFLP analysis identified three actin type; A (9, 56%), I (6, 38%) and E (1, 6%). No significant correlation was observed between actin genotypes and their clinical manifestation (P>0.05).
Conclusion: The prevalence of T. vaginalis infection is not noticeable in the
region and the most of isolates are hypersensitive to metronidazole. Further
studies are needed to clarify the efficiency of the actin gene, as a reliable genetic
marker, for molecular epidemiology of trichomoniasis.
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Introduction

T

richomonas vaginalis is a protozoan parasite caused trichomoniasis, a sexually
transmitted disease (STD), worldwide.
Although up to 50% of cases of Trichomonas
infection in women is asymptomatic but it
causes various complications such as adverse
pregnancy outcomes, infertility, pelvic inflammatory disease and cervical neoplasia.
Men with trichomoniasis are mainly asymptomatic and symptomatic women demonstrate
a variety of clinical manifestations ranged
from mild to severe infection (1-3). Trichomoniasis is the most widespread non-viral
sexually transmitted infection (STI), more
common than gonorrhea, chlamydia and syphilis infection, with an incidence of 276.4
million cases annually in the world (4). Recently, trichomoniasis is receiving more attention
because of its role in enhancing both HIV
transmission and acquisition. Symptomless of
trichomoniasis has critical role in HIV transmission dynamics and associated with rising at
least two-fold risk of HIV transmission, as
well as trichomoniasis associated with increasing of HIV shedding up to four times (1-5, 6).
Treatment of trichomoniasis is countered
with two important concerns including treatment failure and drug resistance to metronidazole. Centers for Disease Control and Prevention (CDC) has predicted that 2%-5% of clinical T. vaginalis isolates have some level of drug
resistance to metronidazole, the only drugs of
choice for cure of trichomoniasis (7).
Despite the global distribution and public
health importance of trichomoniasis, there is a
little information about causes of the various
features of the infection and ambiguities about
the pathogenicity, drug resistance and other
epidemiological aspects of T. vaginalis have not
been clarified. Researches based on genetic
analysis of the parasite would be very useful to
answer these questions. Several studies have
been carried out to identify genetically the parasite by using different genetic markers and
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techniques that a few of them have been
promising (8-13).
Because of this issue, molecular epidemiology of trichomoniasis was conducted, using
actin gene and PCR-restriction fragment
length polymorphism (PCR-RFLP) in women
referring to outpatient clinics in Hamadan.
Furthermore, in vitro metronidazole, susceptibility testing of T. vaginalis isolates was performed to increase our understanding of metronidazole therapy of trichomoniasis.

Materials and Methods
Patients, samples collection and procedures

Overall, 862 symptomatic and asymptomatic
women, attending Gynecology Clinics in Hamadan, western Iran were enrolled during
2014-2015. The individuals received vaginal
treatment or metronidazole therapy within the
two weeks prior to the study was excluded.
After receiving an informed consent from all
participants, socio-demographic characteristics
and clinical signs and symptoms of women
such as vaginal discharge, itching, irritation,
burning and frequent urination and dyspareunia were collected by interviewing. During
vaginal examination, sampling was performed
by three sterile cotton swabs and subjected to
wet mount preparation, Dorset culture
medium, and Gram-stained vaginal smear.
They were transferred to the parasitology research laboratory of Hamadan University of
Medical Sciences. Wet mount preparations
were immediately made and culture medium
samples were incubated at 35.5 °C surveyed
daily until they turned positive or up to seven
days as described previously (14).

In vitro metronidazole sensitivity assays

The Minimum Inhibitory Concentration
(MIC) is the lowest concentration of drug that
causes all of the parasites to become immobile

30

Iran J Parasitol: Vol. 12, No. 1, Jan-Mar 2017, pp. 29-37

in the culture microtiter plate well scanned
microscopically after 48 h incubation (15).
Drug susceptibility assay was carried out according to the Meingassner method and CDC
protocol (15, 16). Briefly, metronidazole
powder (Sigma Chemical Co. St Louis) was
dissolved in distilled water and sterilized by
Millipore filters (0.22 µm) and then serial twofold metronidazole dilutions were prepared to
range from 400 to 0.1 µg/ml by using Diamond's medium. The cell parasites in
logarithmic phase of growth axenically cultured applied for sensitivity testing in aerobic
condition. Finally, after 48 h incubation, MICs
of the parasites were determined accordance
with the method previously described in detail
(17).

DNA extraction, PCR amplification, and
RFLP analysis

After cultivation of isolates on Diamond's
medium, parasite cells were applied for total
genomic DNA extraction by DNA extraction
kit (Cinnagen, Iran), according to the manufacturer’s instructions. DNA purity and concentration was measured by NanoDrop 1000
spectrophotometer.
Nested PCR was performed by using outer
primer, Tv8S (5'-TCTGGAATGGCTGAAGAAGACG3') and Tv9R (5'-CAGGGTACATCGTATTGGTC3'),
and inner primers, Tv10S (5'CAGACACTCGTTATCG-3') and Tv11R (5'CGGTGAACGATGGATG-3') chosen from a
previous study (13). The outer and inner primers amplify two fragments of the actin gene
approximately 1260 and 1100 bp, respectively.
The PCR reaction mixture consisted of 5 μl
of 10x PCR amplification buffer, 3 mmol/l
MgCl2, 20 pmol of the each primer, 0.2 mM
dNTP mix, 2µl template DNA and 2.5
unit/reaction of Taq DNA polymerase (all
Fermentas life Sciences). Then final volume
adjusted to 50 µl by adding sterile distilled water.
PCR amplification was conducted in two
stages, using Eppendorf Mastercycler gradient
thermocycler, according to previously de31

scribed protocol (13). Briefly, the first stage
was started by 5 min of denaturation at 95 °C
and following that, ten cycles consisted denaturation at 94 ºC, 30 sec, annealing at 55 °C,
30 sec, and 3 min extension at 72 °C. The
second stage was composed of 25 cycles with
similar denaturation and annealing steps but
extension step was longer, 5 sec more, in each
cycle and the end, a final extension step at 72
ºC was done for 7 min. Final PCR amplification product was evaluated by 1% (w/v) agarose gel electrophoresis in 1X TBE buffer,
containing SYBR Safe DNA gel stain (Invitrogen, Germany), 10 μl/100 ml.
RFLP analysis was performed by three restriction enzyme, HindII, Tru1I and RsaI
(Fermentas, Thermo Scientific, USA), according to the manufacturer's instructions. After
digestion at 37 °C for 4 h, restriction fragments were visualized by SYBR Safe stain on
a 3% agarose gel electrophoresis.

Statistical Data Analysis

Data obtained from the questionnaires and
laboratory examinations were analyzed in
SPSS (ver. 16) (Chicago, IL, USA) by using
chi-squared test (χ2), Fisher exact test and descriptive statistics (P-value< 0.05).

Results
Frequencies

T. vaginalis was detected in 1.9% (16/862) of
the samples using two parasitological methods.
Direct wet mount was positive for 0.9%
(8/862) and Dorset’s culture was positive for
1.6% (14/862) of the individual samples. The
age of infected women with T. vaginalis was
between 19 and 48 yr old and the highest frequency of infection was observed in the 30-39
yr age group (56.2%). Although, significant
relationship was observed between trichomoniasis and education but relationship between
trichomoniasis and age groups, residency, marital status and occupation were not statistically significant (Table 1).
Available at: http://ijpa.tums.ac.ir
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Table 1: Prevalence of trichomoniasis among studied women by demographic characteristics
Characteristics
Age (Year)
<20
20-29
30-39
≥40
Education
Illiterate
Primary
Secondary
High school
College
Residency
Urban
Rural
Occupation
Housewife
Official job

Trichomoniasis
Positive no(%)

Trichomoniasis
Negative no(%)

Total
no

1 (3.45)
3 (1.23)
9 (2.73)
3 (1.16)

28 (96.55)
241 (98.77)
321 (97.27)
256 (98.84)

29
244
330
259

0 (0.00)
11 (6.32)
2 (1.09)
3 (0.94)
0 (0.00)

133 (100.00)
163 (93.68)
180 (98.91)
318 (99.06)
52 (100.00)

133
174
182
321
52

15 (1.98)
1 (1.00)

746 (98.02)
100 (99.00)

761
101

16 (2.00)
0 (0.00)

783 (98.00)
63 (100.00)

799
63

Two of the three pregnant participants who
underwent vaginal examination suffered from
trichomoniasis. The most frequent signs and
symptoms of trichomoniasis were vaginal discharge (16, 100%), genital itching (12, 75%),
irritation (10, 62.5%), dysuria (11, 68.7%) and
dyspareunia (8, 50%).

P-value
0.392

<0.001

0.423
0.29

Metronidazole susceptibility

Axenic culture of 14 T. vaginalis isolates was
successful and they were subjected to drug
susceptibility testing. All isolates were sensitive
to metronidazole with MICs ranged from 0.4
to 12.8 µg/ml and the mean MICs ± standard
deviation was 6.25 ± 4.78 (Fig. 1).

Fig. 1: Distribution of metronidazole MICs of T. vaginalis isolated from studied women

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

32

Iran J Parasitol: Vol. 12, No. 1, Jan-Mar 2017, pp. 29-37

Nested PCR and RFLP analysis

Nested-PCR assay amplified an anticipated
fragment length of 1100 bp, 28 bp less than
the open reading frame of the actin gene, belonged to the all T. vaginalis isolates (Fig. 2).
Digestion of amplified nested-PCR products
with HindII restriction enzyme led to two electrophoresis patterns including four (426, 401,
213, 60 bp) or three (827, 213 ,60 bp) DNA
fragments of different lengths and classification of the parasites was done based on the
presence of 827 bp or 426 bp and 401 bp of
DNA fragments. Two other different patterns
were obtained after digestion of the PCR
products by Tru1I restriction enzyme, the first
pattern with two DNA fragments of 581 and
519 bp and the second pattern with three
DNA fragments of 581, 315 and 204 bp. The
DNA fragment of 581 bp was common

among all isolates. Finally, amplified PCR
products were digested with RsaI restriction
enzyme yielded three distinct electrophoresis
patterns including a four-band pattern (568,
236, 190, 106 bp) and two different five-band
patterns (568, 236, 106, 103, 87 bp and 452,
236, 190, 116, 106 bp) (Fig. 3).
The actin genotype of T. vaginalis isolates
was determined based on combining the
DNA fragment patterns (13) (Table 2). Given
this method, 9 (56%) of the isolates belonged
to genotype A, genotypes I and E were recovered in 6 (38%) and 1 (6%) of the parasites,
respectively. The relation between genetic variability and clinical presentation of the T.
vaginalis was investigated (18), and there was
no statistical relationship between actin genotypes and clinical features of the isolates
(P>0.05).

Table 2: Patterns of restriction enzyme digestion of amplified nested PCR products and determination of
actin genotype of T. vaginalis isolates

Fig. 2: Agarose gel electrophoresis of nested PCR
product amplification (1100 bp) from T. vaginalis isolates; DNA ladder: 100 bp
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Fig. 3: Representative RFLP patterns of the amplified
1100 bp fragment of actin gene obtained from T. vaginalis
isolates. Lane 1, 5 and 8 digested by HindII; Lane 2, 6 and 9
digested by Tru1I; Lane 3, 7 and 10 digested by RsaI; M:
DNA ladder (50 bp)
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Discussion
Frequently, women with vaginitis were detected by vaginal discharge and itching or odor
during their disease. Three different types of
microbial agents frequently related to vaginal
discharge in women are Candida species, bacterial species and T. vaginalis, a protozoan parasite (7). Extensive surveys and global estimation of burden of STIs are essential for strategic planning and appropriate interventions
in the world.
In various regions of the world, the prevalence rate of trichomoniasis is different because of various epidemiological factors such
as cultural and socio-economic status. In the
United States, some studies indicated that
25% of referred to STDs clinics and 38% of
African American women, persons belonging
to vulnerable groups, were infected with T.
vaginalis (2). Significant frequencies of the infection can be seen in some parts of Africa
such as prevalence rate of 38% and 65% in
Zaire (among HIV-positive women) and in a
rural region in South Africa (in pregnant
women), respectively (2). Lower the infection
rates were reported from Islamic societies, for
instance, ranged from 1.2% (Libya) to 28.1%
(Saudi Arabia) (19, 20).
Different prevalence rates of trichomoniasis,
similar to, but often lower than, the most reports from the other parts of the world, are
observed in Iran. In recent years, the prevalence of trichomoniasis in different parts of
the country was reported from as low as 0.9%
(in women referred to a Gynaecology Clinic in
Amol) (21) to as high as 10.2% (among women prisoners in Tehran Province) (22). Some
other recent prevalence reports are available,
including 2% in Kashan (23), 3.2% in Tehran
(24), 2.2% in Hamadan (25) and 9.2% in Tabriz (26).
In the present study, frequency of trichomoniasis in women was 1.9% by using two
parasitological methods, direct wet mount,
and Dorset's culture. Culture method missed
two positive samples they identified by direct
Available at: http://ijpa.tums.ac.ir

wet mount method. This may be due to that
Dorset's medium is less nutrient-rich medium
than Diamond's medium or may be due to
other unknown biological factors. This prevalence rate is close to the two previous studies
conducted in Hamadan in 2007 and 2010 with
frequencies of 2.2% and 2.1%, respectively. In
the past decade in the region, the infection
rate of trichomoniasis has been constant in
general population. Nearly, the status of T.
vaginalis infection in Hamadan is similar to the
most other parts of Iran, although some parts
have significantly higher prevalence rate of the
infection (26). Overall, difference in the results
of the various studies is mainly due to different population groups studied and other effective factors such as having high-risk behavior,
symptomatic or asymptomatic infection, sensitivity and specificity of diagnostic method and
so on.
Variable phenotypic characteristics of T.
vaginalis are usually observed in drug susceptibility, pathogenicity and clinical outcome of
infection with the parasite. It is still unclear
which genetic variability of the parasite or differences in host condition are more effective
to impose diversifying. Molecular epidemiology and genetic-based research may present a
new concept to address this issue. Some researchers employed random amplified polymorphic DNA (RAPD) assay. RAPD analysis
of T. vaginalis was performed, using five random primers (OPD1-OPD5). This phylogenetic analysis showed some concordance between genetic relationship and metronidazole
resistance and geographical origin of strains
(8). Correlation between genetic variation and
clinical features of T. vaginalis was investigated,
using RAPD method with 10 random primers.
In this study, four groups of infected individuals, in two categories, were distinguished;
asymptomatic and symptomatic patients consist of mild, moderate, and severe trichomoniasis. An amplified fragment of 490 bp was
found in the symptomatic group and this genetic marker was specific in the symptomatic
patients (9). RAPD analysis of Iranian T.
34
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vaginalis isolates was showed no significant
correlation between genetic diversity and origin of the parasites (27). Correlation between
ribosomal intergenic spacer (IGS) polymorphism and clinical presentation of T. vaginalis
was surveyed by using RFLP among 60 clinical isolates demonstrated no relatedness between IGS-RFLP patterns and symptomatology (28). Single Stranded Conformation Polymorphism (SSCP) analysis of ribosomal internal transcribed spacer (ITS) region was
conducted on 50 Iranian T. vaginalis isolates
yielded to distinct SSCP-PCR patterns. The
polymorphism, due to a single point mutation
at nucleotide position 66 (C/T) of the ITS1
region, was confirmed by nucleotide sequencing assay (29). In another research in Iran, actin gene of 50 T. vaginalis isolates was analyzed.
This study showed seven-nucleotide sequence
types based on SSCP banding patterns (30).
Recently, microsatellite polymorphism and
multilocus sequence typing assays were applied shown to be useful for genetic diversity
and population structure analysis of T. vaginalis
(11,12).
A promising study was conducted based on
RFLP analysis of actin gene of T. vaginalis by
using three restriction enzymes, HindII, Tru1I,
and RsaI. In their study, 151 clinical isolates
were collected from female sex workers, from
Zambia and Kinshasa (the capital of Democratic Republic of Congo) and subjected to
RFLP analysis. Eight actin genotypes were
detected based on electrophoretic patterns of
the restriction enzymes including genotype A
(1.6%, 1.1%), E (55.7%, 5.5%), G (23%,
46.7%), H (9.8%, 16.7%), I (1.6%. 6.7%), M
(3.2%, 0%), N (3.2%, 6.7%), P (0%. 5.6%),
mixed (0%, 11%), non-classified (1.6%, 0%) in
Kinshasa and Zambia, respectively (13).
In the present study, genetic characterization
of T. vaginalis was carried out on symptomatic
and asymptomatic infected women by using
PCR of actin gene and RFLP analysis. Three
actin genotypes were detected based on combined RFLP patterns (restricted groups) consist of genotype A (9, 56%), I (6, 38%), and E
35

(1, 6%), without mixed genotype identification.
This is contrary to another study (13) detected
eight actin genotype with high frequency of
genotype E, G, and low frequency of genotype A and I. One reason for this contradiction may be due to differences in the number
and origin of examined samples and further
studies in this area would help to elucidate
these contrasts. The relationship between clinical presentation and genetic diversity of the
isolates was investigated that no significant
difference was found (P>0.05).
One of the other aims of this investigation
was in vitro drug susceptibility of T. vaginalis
isolates to metronidazole. In this regard, 14
axenic cultures of the isolates subjected to metronidazole susceptibility testing. The entire
examined parasites were sensitive to metronidazole, the current drug of choice for treatment of trichomoniasis. Although according
to CDC reports, low resistance to metronidazole (MIC equal to 50 µg/ml) can be detected
in 2%-5% of clinical isolates and high resistance (MIC up to 400 µg/ml) may be rarely
observed. In the previous study conducted on
50 clinical T. vaginalis isolates, collected from
Tehran, Hamadan and Toyserkan city, one
isolate was low resistant (MIC= 50 µg/ml)
and two isolates had tolerance (MIC= 25
µg/ml) to metronidazole (17). In Iran, there is
little-documented information available on
drug resistance of the parasite and refractory
trichomoniasis. Therefore, there is a great
need for further studies in this regard.

Conclusion
This study determined a rather low prevalence of T. vaginalis infection in the study population and probably other agents of vaginitis
such as bacteria and fungi are more prevalent.
In addition, actin analysis of T. vaginalis emphasized the differences in actin genotypes
frequency based on geographical origin. Finally, more investigations must be done to evaluate the performance of these genetic mark-
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ers in molecular epidemiology of trichomoniasis.
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