Surya et al. BMC Infectious Diseases ~ (2024) 24:1039 BMC Infectious Diseases
https://doi.org/10.1186/512879-024-09619-z

Check for
updates

Trichomonas vaginalis: comparison of primers
for implementation as an in-house PCR in rural
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Abstract

Background Trichomonas vaginalis (TV) accounts for the highest burden of curable, non-viral sexually transmitted
infections worldwide. Prevalence in India ranges from 0.4 to 27.4% in women and 0.0-5.6% in men. In 2015, the
prevalence of TV among pregnant women of rural Vellore was 3.11% using Sekisui OSOM® Trichomonas test and
culture methods. Molecular methods are the most sensitive, rapid diagnostic tool for Sexually Transmitted Infection’s
(STI) albeit cost hinders implementation of commercial platforms. To determine a sensitive, sustainable molecular
method, we compared three targets (Adhesin AP65, cytoskeleton Beta-tubulin BTUB 9/2 and TVK 3/7) with the
highest published diagnostic accuracy against microscopy, culture and Real Time PCR (RT- PCR).

Materials & methods Six-hundred adult, sexually active women attending the Obstetrics-Gynaecology rural out-
patient clinic the Rural Unit for Health and Social Affairs (RUHSA) from July 2020 - February 2021 were enrolled. A
vaginal lateral and posterior fornix specimen was inoculated, onsite, into Biomed InPouch® TV culture and smeared
onto a slide for fluorescence microscopy using Acridine orange. A flocked nylon swab specimen for PCR was used

to determine the sensitivities of the Adhesin AP65, cytoskeleton Beta-tubulin BTUB 9/2 and TVK 3/7 gene targets.
Seegene Allplex™ STI Essential Assay, S.Korea was used to confirm TV positives.

Results Nine specimens (9/600, 1.5%) were positive for TV. There was a 100% correlation between Biomed InPouch
TV® culture, PCR with TVK 3/7 and RT-PCR while a correlation of 66.6% with BTUB 9/2 and AP65 gene targets. Clinically,
77.7% (n=7) presented with white-greenish discharge per vagina, 11% (n=1) with infertility, 22.2% (n=2) were
asymptomatic. Eight of nine patients (88.9%) had co-infections with other bacterial STls. Prevalence of TV coinfection
with Neisseria gonorrhoea was 1.1%.

Conclusion Current hospital-based prevalence of TV in rural Vellore was 1.5%. Repetitive DNA target TVK 3/7 was
more sensitive than AP65 and BTUB 9/2 primers.
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Background

STIs are a serious public health disease wherein 50-80%
infections are asymptomatic, facilitating disease pro-
gression and efficient transmission. They contribute to
infertility, medical and psychological consequences and
promote acquisition of Human Immunodeficiency Virus
(HIV) and oncogenic cellular changes [1, 2].

Annually, an estimated 357 million new cases of four
curable STIs affect individuals aged 15-49, with TV
(142 million) being the most prevalent followed by Chla-
mydia trachomatis (131 million), Neisseria gonorrhoeae
(78 million) and syphilis (6 million) [2].

Trichomoniasis causes vaginal irritation and foul smell-
ing yellowish-green vaginal discharge. However, 70-80%
of infected women and most men show minimal or no
symptoms [3].

The prevalence of TV in India ranges from 0.4 to 27.4%
in women and 0.0-5.6% in men. The tangible prevalence
rates remain unknown as prevalence has been deter-
mined by various methodologies and in varied popula-
tion groups.

Trichomoniasis is diagnosed by wet mount, culture,
Papanicolaou smear, acridine orange fluorescent stain-
ing, Nucleic acid amplification tests (NAAT) and sero-
logical tests wherein Diamonds media culture is the gold
standard. The commercially available InPouch® TV cul-
ture system (Biomed Diagnostics, San Jose, California)
eliminates the difficulties of in-house preparation, and is
highly specific with a low contamination risk [4].

However, NAAT is the recommended, rapid, sensitive
and sustainable diagnostic method in the diagnosis of
STTs [5]. Commercial multiplex platforms are sensitive
and reliable but cost hinders implementation in resource-
limited settings. Various primer targets have been
described for implementation as a conventional PCR, to
promote a more widespread, cost-effective TV testing
[6-10]. However, a single or combined best target has
not been recommended. Thus, to strengthen the search
for a single best target, three primers with higher sensi-
tivity were chosen to be evaluated. In addition, against
a published prevalence of 3.11% using Sekisui OSOM®
Trichomonas test and culture in 2015 [11], this study was
undertaken to determine the current prevalence, clinical
presentations and co-infections.

Table 1 Nucleotide sequences of the primers used in this study
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Materials and methods

This prospective observational study was conducted
among 600 symptomatic and asymptomatic adult women
(>18 years-75 years of age) attending the Obstetrics-
Gynecology (OG) out-patient clinic at RUHSA, Vellore
after obtaining written informed consent. The study pop-
ulation included both pregnant (92.8%) and non-preg-
nant women (7.2%). All laboratory testing was carried
out at the tertiary hospital situated 26 km from the rural
hospital. The study period was from November 2019 to
September 2021.

Sample collection and onsite culture inoculation

Vaginal per-speculum examination was done by the
Obstetrician. Two vaginal swab specimens were col-
lected from the vaginal posterior and lateral fornices
under aseptic condition using sterile cotton and nylon
swabs [12]. One cotton swab specimen was inoculated
onsite directly into InPouch®TV (BioMed, US) culture
media while a second swab was smeared onto a glass
slide and fixed with methanol for acridine orange stain
microscopy. Another DNA/RNase free nylon flocked
swab (Himedia, India) specimen was transported in
0.5 ml sterile saline within 6 h for DNA extraction. The
inoculated InPouch’TV culture media was incubated
upright at 37 °C in 5% CO2 and examined directly under
low power (20-40X) for TV trophozoites daily for seven
days. The trophozoites were identified by the characteris-
tic pyriform shape with four anterior flagella and a lateral
undulating membrane showing a jerky/twitching motil-
ity. The freshly prepared acridine orange dye-stained
smears (5 mg/ml) were examined with a fluorescence
microscope (470-490 nm filter, 40X). The doubtful
smears were re-examined by a second examiner. The tro-
phozoites were identified by a characteristic brick red
color with a yellowish-green nucleus [13].

DNA extraction & polymerase chain reaction
DNA was extracted using QIAamp DNA minikit (Qiagen,
Hilden, Germany). Conventional PCR was performed
using three different primers AP65 (Nabweyambo et al.)
[7], TVK3/TVK7 (Kengne et al.) [6] and BTUB9/BTUB2
(Madico et al.) [10]. The nucleotide sequences of the
primers (Table 1) used in this study were obtained from
Sigma-Aldrich, India.

PCR was standardized using ATCC 30001D Tricho-
monas vaginalis. The reaction mixture for AP65 adhesin

Primer Forward primer Reverse primer Target
size
AP65 Adhesin GATTCCTCTTCACACACCCACCAG AATACGGCCAGCATCTGTAACGAC 209 bp
TVK3/7 ATTGTCGAACATTGGTCTTACCCTC TCTGTGCCGTCTTCAAGTATGC 261 bp
BTUB 9/2 GCATGTTGTGCCGGACATAACCAT CATTGATAACGAAGCTCTTTACGAT 112bp
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monoplex PCR contained 10 pl of Master mix, 2 ul of
10 pmol forward and reverse primers and 2 pl template
DNA.

The reaction mixture for multiplex PCR contained
10 ul of Master mix, 2 ul of 5pmol BTUB 9/2 forward
and reverse primers, 2 pl of 5 pmol TVK3/7 forward and
reverse primers and 2 pl template DNA.

The amplification conditions for both monoplex and
multiplex PCR included one cycle of initial denaturation
at 95 °C for 15 min, followed by 30 cycles of denaturation
at 94 °C for 30s, annealing at 63 °C for 90s, and extension
at 72 °C for 90s, followed by one cycle of final extension
at 72 °C for 10 min.

The three PCRs were repeated from >7 day culture
extract of a randomly selected one-tenth of the speci-
mens (61 samples) to confirm the diagnostic accuracy.

Coinfecting STI

All TV positives and 16 randomly selected TV nega-
tive samples were subjected to multiplex real time PCR
(Allplex™ STI Essential Assay, Seegene, South Korea) to
detect coinfecting bacterial STIs (Chlamydia trachoma-
tis, Neisseria gonorrhoea, Mycoplasma genitalium, Myco-
plasma hominis, Ureaplasma urealyticum, Ureaplasma
parvum).

Results

A total of 600 samples were collected from both pregnant
women and women with urogenital symptoms attending
the RUHSA OG out-patient clinic from July 2020 to Feb-
ruary 2021. The period coincided with the first and sec-
ond wave COVID-19 pandemic governmental lockdowns
in India.

Of the 600 samples, nine were found to be positive for
TV using InPouch®TV culture and PCR using TVK 3/7
primer while six of the nine TV positives were identi-
fied by Acridine orange microscopy, PCR with AP65 and
BTUB 9/2 gene primers.

The hospital-based prevalence of TV in rural Vellore
through this study was found to be 1.5%.

The age group of TV infected women ranged between
19-52yrs and was more common among 25-44 years of
age. The distribution of T. vaginalis among different age
group is shown in Table 2.

Table 2 Frequency of isolation of TV among different age
groups (n=600)

Age group Total no Positive no (%)
18-24 336 2 (0.59%)
25-34 224 3(1.34%)

35-44 25 3
45-54 10 1
>55 5 0

(1
(12%)
(0.19%)
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Among the 600 women, 63.3% (1n=380) presented with
one or more of the following symptoms: white discharge
per vagina, genital itching, dysuria, lower abdominal
pain, dyspareunia, and infertility while 36.6% (1=220)
were asymptomatic.

Among the TV positive cases, seven were symptom-
atic, two were asymptomatic. Five (55.5%) cases were
pregnant. The most common symptom among TV posi-
tive women was vaginal discharge (77.7%) followed by
genital itching (44.4%) (Fig. 1).

Overall, 1.8% of symptomatic patients and 0.9% of
asymptomatic patients were identified to have TV.

Motile trichomonads were visualized directly from the
culture pouch under brightfield microscope. The time to
positivity of InPouch®TV culture media was 0-3 days.
Among the nine positive samples, six were found posi-
tive on day 0 in the culture media. In the remaining three,
two samples turned positive on day 1 and one on day 2.
Out of nine positives in culture, only six were identified
by acridine orange microscopy (Fig. 2).

PCR was done using three different primer sets AP65,
TVK 3/7 and BTUB 9/2 for the detection of TV (Fig. 3)
and was compared with culture.

There was a 100% correlation between Biomed
InPouch®T'V culture and TVK 3/7 primer PCR. The diag-
nostic accuracy of direct specimen swab PCRs with cul-
ture is shown in Table 3.

Molecular assays were repeated from >7 day culture
extract of a randomly selected 52 isolates plus the nine
culture positive samples (Total — 61 samples). All nine
culture positive samples showed expected band in all
three PCRs. None of the culture negative specimens
tested among the 52 were found to be positive with all
three PCRs.

Corresponding with the performance of the 3 prim-
ers, the limit of detection (LOD) determined with ATCC
30001D Trichomonas vaginalis was 0.2ng/pl with primer
TVK3/7 and 0.7ng/ul with primer Adhesin AP65 and
BTUB9/2.

Coinfecting bacterial STI with TV were identified
using multiplex RT-PCR (Allplex™ STI Essential Assay,
Seegene, South Korea). The percentage of TV coinfection
with Neisseria gonorrhoeae was 1.1%. There was no Chla-
mydia trachomatis coinfection (Table 4).

Clinically, TVR 79 and TVR 358 were asymptomatic.
Remaining 7 presented with history of vaginal discharge.
TVR 347 and 383 had associated dysuria. TVR 137, 347,
383 and 536 had genital itching. Majority of the symp-
tomatic TV positives had STI pathogen coinfections.
TVR 536 who presented with infertility had coinfection
of 4 organisms.
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56.30%

44.40%

33.30%
22.20
14.33%
- 9.30% | ]

36.60%

22.20%

11.10% 11.10%

8% 7.10%
1.30%

Vaginal ltching Lower Asymptomatic Dysuria Dyspareunia Infertility

discharge abdominal pain

B Symptoms among TV positive

m Symptoms of total cohort

Fig. 1 Presenting symptoms among the study population of women visiting the rural outpatient Obstetrics-Gynaecology clinic n=600

Bright field Microscopy (40X magnification):
Pear shaped motile trophozoite seen in the
InPouch®TV culture pouch

Fluorescent Microscopy: Pear shaped
brick-red trophozoite with yellow-green
nucleus

Fig. 2 Microscopic examination of TV
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261 bp

112 bp

a. Monoplex PCR for Trichomonas
vaginalis with AP 65 Adhesin primer
(209bp)

b. Multiplex PCR for Trichomonas
vaginalis with 2 sets of primers- BTUB 9/2
(112bp) and TVK 3/7 (261bp)

Fig. 3 Detection of Trichomonas vaginalis with AP65, BTUB 9/2 and TVK 3/7 primers

Table 3 Comparison of TV Acridine orange and PCR with biomed InPouch®TV culture

Detection Methods

No. of Positives Sensitivity Specificity PPV NPV Kappa agreement (%)

Positive LR (%) Negative LR (%)

(%) (%) (%) (%)
Biomed InPouch®TV culture 9 - - - - - - -
Acridine orange microscopy 6 66.67 100 100 994 08 oo 0.34
PCR-TVK 3/7 gene 9 100 100 100 100 1.0 oo 0
PCR-Adhesin AP65 gene 6 66.67 100 100 994 08 oo 0.34
PCR-BTUB 9/2 gene 6 66.67 100 100 994 08 oo 034

PPV- Positive predictive value, NPV-Negative predictive value, Positive LR-Positive likelihood ratios, Negative LR- Negative likelihood ratios

Discussion
The WHO estimated the global prevalence of trichomo-
niasis in 2016 as 5.3% in women and 0.5% in men while
the overall prevalence in South-East Asia as 2.5% [2].
Socio-economic status and literacy, influence the prev-
alence. It is higher in rural (24.18%) than urban popula-
tions (15.71%) [14] and in low income (11%) and middle
income countries (7%), than in high income countries
(3%) [2]. Notably, certain high-risk populations: HIV-
infected individuals, female sex workers and their male
partners (73.2%) [15], incarcerated women(52.6%) [16],

symptomatic females (24.18%) [14] exhibit high preva-
lence rates.

The advent of molecular techniques with higher sen-
sitivity have contributed to the increased prevalence of
TV compared to the prevalence with conventional wet
mount and culture.

In this study, the hospital-based prevalence of TV
among pregnant women in rural Vellore was found
to be 0.91% as compared to the previous field study
(3.11%) conducted in 2015 among pregnant women in
the same catchment population, with Sekisui OSOM®
Trichomonas test, wet mount and in-house prepared
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Table 4 Multiplex RT-PCR (Allplex™ STl essential assay, Seegene, South Korea) report of coinfecting STls

Sample ID Neisseria Ureaplasma Mycoplasma  Mycoplasma Ureaplasma Chlamydia Tricho-
gonorrhoeae urealyticum hominis genitalium parvum trachomatis monas

vaginalis

TVR 74 - - + +

TVR79 - - + +

TVR 136 + +

TVR 137 +

TVR 347 + + +

TVR 358 - + +

TVR 383 - - + + +

TVR 501 - - + + +

TVR 536 - + + + + +

(+) Positive, (-) Negative

culture [11]. This drop in prevalence is despite testing
with molecular methods in a 92.8% antenatal popula-
tion. The decline in this study can marginally be attrib-
uted to it being hospital-based and conducted during the
COVID-19 pandemic lockdowns. However, a similar low
prevalence of 1.96-2.8% has been reported in the hospi-
tal-based studies done between 2013 and 2023, in India
among symptomatic women. [17-19].

In neighbouring, Sri Lanka, trichomoniasis is now a
notifiable disease. A prevalence of 7.2% in 2012 [20] has
now declined to 4.4% by molecular methods (2021) in
Colombo city [9].

Despite a seemingly decreasing prevalence, the search
for a rapid, cost-effective, and reliable diagnostic method
continues. For the resource limited setting, the conven-
tional wet mount is an extremely time-dependent option
with a low sensitivity (50-60%) which further decreases
with time beyond 10 min. Acridine orange, a fluores-
cence-based, non-specific, nucleic acid stain is an ideal
alternative to wet mounts when a longer sample trans-
port time is expected.

The sensitivity of acridine orange varies between 47
and 100% [17, 21, 22]. Khatoon et al. reported a sen-
sitivity of 100% and specificity of 98% compared to wet
mount [13] and sensitivity of 73.5% compared to culture
[22]. The procedure is easy to perform, overcomes time
dependency, but requires fluorescence microscopy and
expertise to detect the organism.

The onsite inoculated culture is a sensitive and accu-
rate method for the diagnosis of TV. However, culture
requires microaerophilic conditions, ingredients that are
poorly available and a quality check that is not possible
in most diagnostic labs [10]. Further, daily microscopic
examinations result in a high risk of media contamina-
tion. Thus, the sensitivity of culture ranges from 44 to
75% although specificity is 100% compared to molecu-
lar method [5]. The Biomed InPouch®TV (BioMed diag-
nostics, US) commercial Diamond’s culture media has
shown a high sensitivity in the Indian setting. While Patil

et al. in 2012 [23] reported the sensitivity as 73.33% and
Singh et al., in 2020 [17] reported it as 100%.

It serves both as a transport and culture media, is sta-
ble at room temperature for up to 6 months and permits
onsite inoculation by a health care worker and maintains
a closed environment with a low risk of contamination.
The greatest advantage, although requires some train-
ing, is that it couples as a wet mount that can be directly
visualized under light microscope for motile trichomo-
nads. The limit of detection is <10 organisms/ml. The
limitation, however, is its cost ($16.15) which makes it
unaffordable for implementation in the high prevalence
regions where screening is most required [23].

Molecular methods, offer the highest sensitivity and
are the recommended diagnostic tool for TV detection.

Against various targets, PCR has proven superiority
over the traditional gold standard culture, with sensitivi-
ties ranging from 90 to 100% [9, 14, 22].

The primers targets described in literature are Genus-
specific TFR1/2, Species-specific Adhesin primers TVA
5/6 and AP65, repetitive DNA TVK3/7, Beta-tubulin
BTUB 9/2, plus TV-E650 DNA repeat IP1/2, and the 18 S
ribosomal gene primer TV1/2 (Table 5).

Genus-specific primer TFR1/2 described by Felleisen
RS in 1997, was found to be 100% specific against human
and animal trichomoniasis [30] and may be applied
alongside or prior to the species detection.

Among the described species-specific molecular tar-
gets, TVK3/7, BTUB9/2 and AP65 had the highest
reported sensitivities based on published diagnostic
accuracies between 1992 and 2019.

Crucitti et al. (2003) have compared the performance
of primers TVK3/7, BTUBY/2, IP1/2, and TVA 5/6, and
reported TVK3/7 and BTUB9/2 with higher sensitiv-
ity and specificity [8] performance of TVK3/7 has been
reported by independent researchers, in different popula-
tions with a sensitivity range of 77-100% and specificity
of 97-100%.

During this study period, Herath et al. (2021) from Sri
Lanka, further reported a 76.5% sensitivity and 100%
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Table 5 Diagnostic accuracy of published primers used in the detection of TV
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Primer Primer Design Target Sensitivity (%) Specificity (%) Reference
Genus specific primers
TFR1/2 Felleisen RS 5.8 STRNA 788 100 Queza et al, 2013 (Philippines) [24]
1997 100 100 Herath S et al, 2021 (Sri Lanka) [9]
Switzerland
Species specific primers
TVA5/6 Riley D 1992 Adhesin 639 99.7 Crucitti T et al,, 2003
Washington, USA 102 bp (Cote d'lvoire / Belgium) [8]
100 98 Paul H et al,, 2012 (Vellore, India) [25]
TVK3/7 Kenge P 1994 Repetitive DNA 88.7 97.1(vaginal) Lawing et al,, 2000 (Alabama, USA) [26]
France 300 bp 64.2 100 (urine)
88 973 Crucitti T et al,, 2003
(Cote d'Ivoire / Belgium) [8]
100 100 (vaginal) Pillay et al,, 2007 (CDC, USA) [27]
56.4 976 (urine)
97 100 Queza et al,, 2013 (Philippines) [24]
100 99.5 Singh S etal,, 2020
(Delhi, India) [17]
76.5 100 Herath S et al,, 2021
(Sri Lanka) [9]
100 100 Current study (Vellore, India)
AP 65 Alderete JF 1995 Ap65 Adhesin gene 91.7 99.3 Nabweyambo et al., 2017 (Uganda) [7]
Texas, USA 66.7 100 Current study
(Vellore, India)
IP1/2 Shaio 1997 TV-E650 DNA repeats 723 100 Crucitti T et al,, 2003 [8]
Taiwan 290 bp
BTUB 9/2 Madico G 1998 Beta tubulin 97 98 Madico G et al,, 1998 [10]
Maryland, USA 112 bp 84 % Wendel et al, 2002
(Maryland, USA) [28]
771 96.4 Crucitti T et al., 2003 [8]
66.7 100 Current study (Vellore, India)
TV1/2 Mayta H 2000 18 S rRNA 100 98 (vaginal) Mayta H et al., 2000 [29]
Lima, Peru 312 bp 100 99.7 (urine)
59 994 Crucitti T et al,, 2003 [8]
66.7 100 Queza et al, 2013 [24]
88.20 100 Herath S et al,, 2021 [9]

specificity while from North India, Singh et al. (2020)
found TVK3/7 100% sensitive and 99.5% specific [9,
17] and Dadwal et al., found it far superior to culture
based methods [19]. In this study, TVK 3/7 primer is
found equally sensitive and specific as InPouch®TV cul-
ture (p<0.05) while Beta-tubulin 9/2 and Adhesin AP65
had sensitivities of 66.7% although they were 100% spe-
cific. The limit of detection was 0.2ng/ul while that of
BTUBY/2 and AP65 was 0.7ng/pl.

This study further strengthens the ‘1994 Kenge et
al TVK3/7 primer, as the most sensitive species-spe-
cific molecular target currently described and globally
evaluated.

Using TV as the STI denominator, co-infections among
the TV positive cases were determined by Seegene’s
Allplex RT-PCR. Ureaplasma parvum (66.6%) was the
most common co-infection, followed by Mycoplasma
hominis (55.5%). The triple coinfection of TV, M.hominis
and Uparvum was seen in 3 cases (33.3%) and triple

coinfection of TV, N.gonorrhoeae and Uparvum was
seen in 1 case (11.1%) (Table 3). Coinfection rate of 71.4%
with TV and M.hominis was reported in Kenya by Masha
et al. [31], Becker et al. in Brazil demonstrated a rate of
56.7% [32] and Goo et al. in Korea 66.7% [33].

In a study done by Ginocchio et al., USA, co-infection
prevalence of TV with C.trachomatis was 1.3% and with
N.gonorrhoeae was 0.61% and the prevalence of triple co-
infection with C. trachomatis, N. gonorrhoeae and TV
was 0.24% [34].

Clinically, despite a low prevalence, the infections seen
here were consistent with global findings; as mainly seen
in the 35—44 years age group, seven of nine cases (77.8%)
were symptomatic and the most common presenta-
tion was a foul-smelling discharge. These patients were
treated with metronidazole 500 mg BD for 7 days and
their partners with metronidazole 2 g OD. They were fol-
lowed up telephonically for a period of eight months for
treatment response and were found have recovered from
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their symptoms. At delivery, none had complications of
pregnancy namely, premature rupture of membrane, pre-
term labor or low birth weight babies.

Conclusion

In rural Vellore, the current hospital-based prevalence
of TV among women visiting an out-patient facility is
1.5% constituting 1.8% of the symptomatic patients. For a
sustainable affordable molecular option, repetitive DNA
TVK3/7 primer was found to date, to be the most sensi-
tive, species-specific target.

Limitations

Prevalence was determined in the rural population dur-
ing the COVID-19 pandemic lockdown restrictions. The
poor treatment-seeking behaviour among non-pregnant
rural women for genital symptoms, may have contributed
to a low prevalence.

Abbreviations

BD Twice daily

CovID 19-Coronavirus disease-2019 (SARS-CoV2 pandemic)
DNA Deoxyribonucleic acid

DNA/RNase  Deoxyribonucleic acid / Ribonuclease

HIV Human Immunodeficiency Virus

LR Likelihood Ratio

NAAT Nucleic Acid Amplification Test

NPV Negative Predictive Value

oD Once Daily

0G Obstetrics and Gynaecology

PCR Polymerase Chain Reaction

PPV Positive Predictive Value

RT PCR-Real Time-Polymerase Chain Reaction
RUHSA Rural Unit for Health and Social Affairs

STI Sexually Transmitted Infection

TV Trichomonas vaginalis
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