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Abstract 

Background: Trichomonas vaginalis (TV) causes the Trichomoniasis Syndrome composed of vaginitis in women, 
urethritis in men and tube infection in both sexes. This infection is strongly associated with premature rupture of 
membranes, preterm delivery, low birth weight, promoting HIV sexual transmission and infertility. Prevention of these 
complications requires accurate early detection and effective treatment of infected individuals. In the resource limited 
settings, the wet mount microscopy (WMM) is often the only available test for laboratory detection of TV, but its 
accuracy and that of polymerase chain reaction (PCR) tools in Uganda remain poorly studied. The aim of this cross-
sectional study was to compare the diagnostic accuracy of the WMM and PCR against culture as reference standard 
for the direct diagnosis of TV among symptomatic women. Three high vaginal swabs were collected from each of one 
hundred fifty women presenting with symptoms suggestive of active vaginal trichomoniasis at the sexually transmit-
ted diseases clinic of Mulago National Referral Hospital Kampala, Uganda. The swabs were tested for TV with WMM, 
in-house PCR and TV culture. Results were analysed using excel 2007, SPSS v16, and Meta-disc software to determine 
the diagnostic accuracy of the tests.

Results: The sensitivity, specificity and kappa agreement of the WMM was 25% (95% CI 5.5–57.2%), 100% (95% 
CI 97–100) and 0.38, respectively. Corresponding values for the PCR were 91.7% (95% CI 61.5–99.8), 99.3% (95% CI 
96–100) and 0.91, respectively.

Conclusion: Among the TV symptomatic women, the sensitivity of the WMM was very low, with two-thirds of the 
patients missing a diagnosis while the in-house PCR was highly sensitive and specific. Feasibility studies aimed at 
incorporating PCR tools in algorithms for diagnosis of TV infection in resource-limited settings are recommended.
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Polymerase chain reaction
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Background
Trichomonas vaginalis (TV) is an extracellular, facultative 
anaerobic infection of the human urogenital tract. Infec-
tion is associated with premature rupture of membranes, 

preterm delivery, low birth weight, HIV sexual trans-
mission [1], and pelvic inflammatory disease [2–4]. The 
WHO estimates that at least 174 million cases of infection 
are acquired annually worldwide, majority in regions of 
low income settings [5, 6]. The prevalence of TV infection 
differs in different subpopulation groups, e.g. in women, 
it is estimated to be ten times higher than in males [7, 8]. 
In the USA, 13% of black women are affected compared 
with 1.8% of non-Hispanic white women [9], but a higher 
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prevalence has been reported among STD clinic patients 
i.e. 26% of symptomatic women and 6.5% asymptomatic 
women tested [9]. In Tanzania and Uganda, a TV preva-
lence of 41% in Mwanza and 31% in Rakai district, respec-
tively was reported [10]. Most infected persons (70–85%), 
both men and females have minimal or no symptoms, and 
untreated infections might last for months to years [11]. 
Early accurate detection of TV infection in both sympto-
matic and asymptomatic women plus effective treatment 
is critical in the prevention of associated complications 
especially during pregnancy [11].

The diagnosis of TV infection in the current study 
setting relies on clinical symptoms with or without wet 
mount microscopy (WMM). Clinical symptoms tend 
to be non-specific as they cut across a number of other 
STDs, and are therefore poor indicators of TV infection. 
The WMM is a rapid and inexpensive test as it involves 
examination of vaginal fluid in saline under low power 
microscopy. However, it is associated with limited sen-
sitivity of 38–65% as it depends highly on the expertise 
of the Microscopist, and prompt processing of samples 
before the organisms lyse or lose motility, and its sensi-
tivity is even lower among the asymptomatic patients 
[11–13]. Culture for TV, with sensitivity of 75–96% and 
a specificity of up to 100%, used to be considered the ref-
erence standard for TV diagnosis before molecular tests 
became available [14]. However, due to its high cost and 
lengthy time to results of up to 7  days, culture is rarely 
used in routine setting of resource-poor settings in the 
diagnosis of TV infection [15].

Recent advancement has led to the development of 
highly sensitive and specific polymerase chain reac-
tion (PCR)/nucleic acid amplification techniques/tests 
(NAATs) that offer faster means to detection of TV infec-
tion in endocervical, vaginal, or urine specimens from 
women. These include The APTIMA T. vaginalis assay 
(Hologic Gen-Probe, San Diego, CA), which detects RNA 
by transcription-mediated amplification with a sensitivity 
of 95.3–100% and specificity of 95.2–100% [16], the BD 
Probe Tec TV Qx Amplified DNA Assay (Becton–Dick-
inson, Franklin Lakes, New Jersey), and the Affirm VP 
III (Becton–Dickinson, Sparks, MD), a DNA hybridiza-
tion probe test that evaluates for T. vaginalis, G. vaginalis, 
and Candida albicans, in only 45 min with sensitivity and 
specificity of 63 and 99.9%, respectively [17]. Studies on the 
performance of these PCR assays have mainly been con-
ducted in the developed countries such as USA, Europe, 
and Australia, and show PCR sensitivity to be 89–98% 
[18, 19]. These NAATs have become routine assays in 
developed countries however, in the resource-limited set-
tings the high cost of these commercially available NAATs 
remains a prohibitive challenge to their use. The objective 
of this study was to evaluate the technical performance of 

a cheaper in-house PCR technique in comparison with the 
conventional WMM against culture as reference standard 
test for the diagnosis of TV infection in Uganda.

Methods
This was a cross-sectional prospective and consecutive 
diagnostic accuracy study conducted from March 2014 
to March 2015, at the STD clinic Mulago national refer-
ral hospital. Laboratory tests including WMM, PCR and 
culture were performed at the STD clinic, MBN Clinical 
Laboratories and Infectious Diseases Institute respec-
tively, all in Kampala, Uganda.

Participant recruitment
A total of 150 female participants aged 18–60  years 
attending the STD clinic with symptoms suggestive of 
TV infection e.g. malodour, abnormal discharge, pain-
ful sexual intercourse, dysuria, genital itching and lower 
abdominal pain voluntarily consented to participate in 
the study. Exclusion criteria included refusal to consent, 
being in menstrual period, and history of taking nitro-
imidazoles within the past 2 weeks Additional file 1.

Sample collection
Three vaginal swabs were collected from the posterior 
fornix by an experienced clinician under a Cusco’s specu-
lum guidance.

Wet mount microscopy
One vaginal swab was emulsified in three drops of 0.9% 
saline on a glass slide and examined for motile tricho-
monads under 100× and 400× microscopy within 30 min 
of collection as routinely done at the clinic. Microscopic 
examination was done by one experienced laboratory 
technician at the STD clinic and by the researcher. Pres-
ence of motile trichomonads indicated a positive result 
for TV infection. No discrepant results were obtained 
between the two viewers.

Culture
The second vaginal swab was used within around 20 min 
to inoculate the InPouch™ TV culture chambers (BioMed 
Diagnostics, USA) at the STD clinic laboratory following 
the manufacturer’s instructions. Inoculated chambers 
were incubated in an upright position at 37 °C for up to 
7  days. Microscopic examinations were performed on 
days 1, 2, 3 5 and 7 to check for the presence of motile 
trichomonads in the upper chamber (Additional file 2).

In‑house PCR for TV
PCR swabs were temporarily stored up to 3  weeks at 
minus 20 °C to prepare for batched DNA extraction and 
PCR assays.
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DNA extraction
Extraction of TV DNA (if present) was performed using 
the phenol chloroform method. Briefly, each swab was 
dipped in sterile 10% sodium dodecyl sulphate (SDS) 
solution contained in a 1.5 ml eppendorf tube, and heated 
for 5 min at 65 °C. The swabs were then squeezed against 
the wall of the tube to express fluids. A volume of 100 µl 
of sodium acetate was added to neutralize the alkaline 
component of the lysis solution. A volume of 600  µl of 
phenol chloroform and 25 µl PCR water was then added. 
The mixture was vortexed and span at maximum speed 
(14000  rpm) for 30  min. Purification of extracted DNA 
was achieved by precipitation using absolute isopro-
panol. Final DNA precipitate was dissolved in 50  µl of 
PCR water and stored at −20 °C until amplification.

DNA Amplification
Each PCR reaction tube contained 1.0  µl of 25  mmol 
Magnesium chloride, 1.0  µl, Forward primer 1.0  µl, 
Reverse primer, 0.1  µl Taq polymerase, master mix 
with dNTPs 1.0  µl and PCR water 7.0  µl, giving a 
final volume of 11.1  µl. The forward primer AP65 
A_5′GATTCCTCTTCACACACCCACCAG3′ and 
Reverse primer AP65 B_5′AATACGGCCAGCATCTG 
TAACGAC3′ were designed to target a conserved region 
in the AP65 adhesin genes of T. vaginalis, giving a 209 
base pair (bp) amplification product [20]. Template DNA 
2  µl was added to the mixture and loaded onto a Gene 
Amp PCR System 9700 Thermocycler (Applied Biosys-
tems Inc.). The amplification program included one cycle 
of initial denaturation at 95 °C for 5 min, followed by 30 
cycles of: denaturation at 94 °C for 45 s, annealing at 53 °C 

for 45 s, extension at 72 °C for 45 s, followed by one cycle 
of final extension at 72 for 10 min and storage at 4.0 °C.

Detection of amplification products
This was performed with 1.5% agarose gel electropho-
resis at 120 volts for 45  min. Gel images were viewed 
under ultraviolet light trans-illuminator and a gel pic-
ture taken with a digital UV camera. Presence of 209 bp 
band on the gel as indicated a positive result for TV 
(Fig. 1).

Quality control
Each batch of PCR included controls at all stages. Positive 
controls included DNA extracted from a clinical isolate 
of Trichomonas vaginalis grown in  vitro, while negative 
controls consisted of nuclease-free water in the place of 
template DNA. A 1000 kb ladder (Solis BioDye) was used 
as a size marker.

Results
The table showing all the analysed study data is provided 
as Additional file 3.

Demographic and clinical characteristics of study 
participants
The demographics and other clinical details of the stud-
ied participants are summarised in Table 1.

Prevalence of TV infection
Out of 150 participants, 13 were diagnosed with TV 
infection using either one, two or all the three tests giving 
a prevalence of 9% as detailed in Table 2.

Fig. 1 Gel electrophoresis image of post PCR products of the Trichomonas vaginalis Adhesin gene. Lanes 1 and 12: 1000 bp Ladder, Lane 2: Positive 
control (PC) showing a 209 bp band size, Lane 3, 6, 7, 9, and 13: Samples positive for TV, Lane 4, 5, 8, 10, 11, and 12: Samples Negative for TV, Lane 15: 
Negative control (NC)
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It was found that 69% of all the confirmed infection (by 
culture) cases had an abnormal vaginal discharge, 54% 
with dysuria, 46% with genital itching, 31% with malodor, 
and 31% with lower abdominal pain.

Sensitivity and specificity of WMM and PCR against culture
Using culture as reference standard, the sensitivity, speci-
ficity and kappa agreement of wet mount microscopy 
was 25% (95% CI 5.5–57.2), 100% (95% CI, 97.4–100.0), 
and 0.38 respectively. Corresponding values for the in-
house PCR were 91.7% (95% CI, 61.5–99.8), specificity 
99.3% (95% CI, 96–100.0) and 0.91 in the detection of 
TV in high vaginal swabs among symptomatic women in 
Uganda. See Table 3 for details.

Discussion
The prevalence of TV infection in this study was 8.6% 
based on all positive tests. Various studies report differ-
ent prevalence values ranging from 13 to 41% based on 
the methods used, study settings, social-demographics 
and symptomatology of studied populations [4, 9, 10]. In 
high-risk populations such as female sex workers in sub-
Saharan Africa (SSA), the prevalence of active TV infec-
tion can be as high as 47% [21]. However, the relationship 
between symptoms and presence of active TV infection 
also varies since the symptoms are not very specific. In 
this study, less than 10% of symptomatic women were 
confirmed with TV infection. Thus, it appears that in the 
studied population, TV infection diagnosis requires diag-
nostic algorithms that include highly sensitive laboratory 
tests. The in-house PCR was highly sensitive and specific 
for the detection of TV DNA in vaginal swabs, and far 
out performed the routinely used WMM in the study 
setting. In our study, the phenol chloroform method 
was employed for DNA extraction. If costs would allow, 
it would be better to use extraction columns like silica-
membrane-based DNA purification, believed to increase 
TV detection; consequently the prevalence of tricho-
moniasis could probably have been higher in our study. 
Methodological issues can also affect WMM. Studies 
elsewhere have shown that the low sensitivity of WMM 
can further be decreased by 20% with delayed micro-
scopic examination for as few as 10  min [22]. In our 
study, even when the wet preparation was performed at 
the sample collection site, by the experienced reader who 
routinely performs the wet preparations at the clinic, 
its sensitivity (25%) was still poor. Various studies using 
related but not exactly the same study designs report the 
sensitivity of WMM to range from around 38 to 65% [4, 

Table 1 Demographic and  clinical characteristics of  study 
participants (N = 150)

a Certificate, diploma and degree awarding institutions

Parameter Categories Frequency Percentage

Marital status Single 81 54.0

Married 52 34.6

Separated 9 5.0

Widowed 4 2.7

Unknown 4 2.7

Education status High school 68 55.4

Unknown 37 24.7

Tertiarya 22 14.7

Primary level 21 14.0

None 2 1.3

Abnormal discharge Yes 125 83.3

No 25 16.7

Dysuria Yes 31 20.7

No 119 79.3

Genital itching Yes 72 48.0

No 78 52.0

Lower abdominal pain Yes 63 42.0

No 87 58.0

Malodour Yes 41 27.3

No 109 72.7

Antibiotic use Yes 52 34.7

No 98 65.3

Table 2 Prevalence of TV infection by each test (n = 150)

Method Prevalence (%) (95% CI)

Combined wet mount microscopy, 
InPouch™ TV culture and in-house PCR

13 (9) 5–14%

Wet mount microscopy (WMM) 3 (2) 1–6%

InPouch™ TV culture 12 (8) 5–13%

In-house PCR 12 (8) 5–13%

Table 3 Accuracy of wet mount microscopy and in-house PCR against Culture for TV diagnosis

95% CI 95% Confidence interval, FN False negative, FP False positive, NA Not applicable, NPV Negative predictive value, PPV Positive predictive value, TN True negative, 
TP True positive

Culture

Test TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) Kappa agreement PPV (95% CI) NPV (95% CI)

PCR 11 1 1 137 91.7 (61.5–99.8) 99.3 (96.0–100.0) 0.91 91.6% (60.8–98.7%) 99.3% (95.5–99.9%)

Wet mount 3 0 9 138 25.0 (5.5–57.2) 100 (97.4–100.0) 0.38 100% (CI NA) 93.8% (91.7–95.5%)
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11, 18, 23]. Testardini et al. reported sensitivity of WMM 
of 45.8% in all the patients studied but it increased to 
87.5% in symptomatic patients but in their study, one 
millilitre of physiologic saline was used instead three 
drops [4]. Use of three drops instead of 1 ml of physio-
logic saline solution could be a limitation leading to the 
lower sensitivity of WMM obtained in our study. These 
results all together indicate the superiority of PCR over 
WMM.

Two discrepant results emerged between PCR and 
culture, one of which was culture positive and PCR 
negative, and the other culture negative and PCR posi-
tive. For the PCR negative sample, we suspect that the 
PCR swab may have been poorly collected, such that 
extracted DNA was below the limit of PCR detection. 
Non-specific PCR inhibitors in the sample could also 
have inhibited amplification. A strategy to find out 
this would be inclusion of controls for the presence 
of amplifiable DNA and PCR inhibitors in each clini-
cal sample using PCR for a human gene. If any sample 
remains negative for this gene, it would not be included 
in the data analysis. Consequently, the prevalence of 
trichomoniasis could have been slightly different, and 
this could be a limitation in our study. Too much DNA 
could also inhibit amplification requiring dilution of 
extracted DNA to optimize the PCR reaction. A dilution 
of the sample could correct the inhibitory effect, so the 
results could be positive and consequently, the preva-
lence of trichomoniasis could have been higher. How-
ever, when we diluted and repeated the PCR test, the 
results remained unchanged.

Regarding the PCR-positive culture negative result, this 
result may not really be a false positive because the PCR 
has recently been reported to be more sensitive than cul-
ture [24]. This result could also be due to inoculation of 
culture media with already dead organisms in the sam-
ple. Since PCR detects presence of DNA, it is not affected 
by the viability of the microorganisms in the sample. 
All positive WMM results were also positive with both 
the PCR and culture results. It appears that to improve 
the diagnosis of TV infection, combining methods with 
higher sensitivity such as culture and PCR are recom-
mended, mainly in asymptomatic pregnant women.

Implications of our findings
Given the high risks of TV infection to pregnancy 
and increased HIV transmission/acquisition, prompt 
detection and treatment should be considered critical. 
Combined methods such as culture and PCR is recom-
mended, since culture depends only on the viability of 
the microorganism and PCR is unaffected by dead organ-
isms but by inhibitors.

Conclusion
Among the TV symptomatic women, the sensitivity of 
the WMM was very low, with two-thirds of the patients 
missing a diagnosis while the in-house PCR was highly 
sensitive and specific. Feasibility studies aimed at incor-
porating PCR tools in algorithms for diagnosis of TV 
infection among symptomatic women in resource-lim-
ited settings are recommended. For WMM, increasing 
the sample volume and volume of saline to one ml might 
help to increase the test sensitivity.
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