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The tampon test for trichomoniasis: a comparison
between conventional methods and a polymerase
chain reaction for Trichomonas vaginalis in women

B A Paterson, S N Tabrizi, S M Garland, C K Fairley, F J Bowden

Objectives: Trichomonas vaginalis is the most common STD worldwide and the infection has
been linked with an increased risk of HIV transmission. We present a detailed comparison
between conventional collection and testing methods and the polymerase chain reaction (PCR)
tampon test for T vaginalis.
Methods:Women were tested for the presence of T vaginalis by PCR analysis of a tampon speci-
men and by conventional methods which included one or more of the following: culture and
microscopy from a high vaginal swab (HVS) or endocervical swab (ECS), and microscopy of a
Papanicolaou (Pap) smear.
Results: T vaginalis was detected in 51/590 (8.6%) conventional tests and 93/590 (15.8%) tam-
pon specimens. Retesting of all tampon PCR positive specimens confirmed 89/93 (95.7%) tests.
Using the tampon PCR as the reference, the sensitivities of the diVerent conventional sampling
and testing methods for the detection of T vaginalis were 8.3% (5/60) for ECS microscopy or
culture, 31% (13/42) for HVS microscopy or culture, 52.8% (19/36) for HVS directly inoculated
into Trichomonas medium and 59.4% (38/64) for Pap smear.
Conclusions:No conventional test in the remote setting has comparable sensitivity to PCR. The
Pap smear is the next most sensitive, but requires a speculum examination. The use of PCR will
allow inclusion of T vaginalis into STD screening programmes in both developed (lower preva-
lence) and developing (higher prevalence) countries.
(Sex Transm Inf 1998;74:136–139)
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Introduction
Improved treatment of sexually transmitted
diseases (STDs) reduces the transmission of
human immunodeficiency virus (HIV)1 infec-
tion.Trichomonas vaginalis is the most common
STD worldwide and aVects an estimated 170
million people annually.2 Because this infection
is so common and has been linked with an
increased risk of HIV transmission,3 reduction
in its prevalence should be a focus of strategies
to reduce HIV infection.
STDs are often asymptomatic or cause only

minor symptoms; therefore, identification and
treatment of asymptomatic infection is essen-
tial for eVective STD control. This is often
hampered by the lack of a simple, quick, and
non-invasive screening test. The currently
available tests for T vaginalis may lack sensitiv-
ity when they are subjected to long transport
times, especially when climatic conditions are
extreme. We have shown that a self adminis-
tered tampon method of specimen collection
tested by polymerase chain reaction (PCR) for
Chlamydia trachomatis, Neisseria gonorrhoeae,
and T vaginalis to be a highly acceptable and
reliable screening tool.4 We now present a
detailed comparison between conventional
collection and sampling methods and the PCR
tampon test for T vaginalis.

Methods
In our initial study, detailed records of the dif-
ferent conventional techniques used for the
detection of T vaginalis were collected, but not

reported.4 We have included results from an
additional 110 patients recruited to our
original study.
The study was conducted between July 1995

and July 1996 in sexual health and family plan-
ning clinics in urban areas and community
health centres in the rural and remote areas of
the top end of the Northern Territory of
Australia. The local ethics committee granted
approval for the study (95/19, May 1995).
Women attending for an STD check up, a
Papanicolaou (Pap) smear, or for treatment of
symptomatic disease were asked to give written
informed consent and complete a brief ques-
tionnaire.
Each woman was asked to perform the

“tampon test” in private by inserting and
immediately removing a tampon and placing it
in PCR transport medium (0.14 M NaCl, 3
mMKCl, 10 mMNa2HPO4, 2 mMKH2PO4).

4

This was followed by a speculum examination
for collection of swabs and Pap smear (if due).
Tampon specimens arrived at the Melbourne
laboratory a median of 7 days (range 1–26
days) after collection and travelling some 2500
km. There were delays of up to 5 days in the
conventional specimens reaching one of three
Northern Territory laboratories several hun-
dred kilometres away.
The tampon specimen was prepared for test-

ing by squeezing the tampon to dislodge the
cells followed by centrifugation to form a cell
pellet.5 The DNA was extracted from the 20 µl
aliquot of tampon cell pellet using the QIAamp
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DNA Purification Kit (Qiagen Inc, Chasts-
worth, CA, USA) following the manufacturer’s
instructions.
PCR reactions consisted of 20 µl aliquot of

extracted DNA (that is, 1/10 of the total eluted
DNA), 50 pmol of each primer TVA5-TVA6,
directed at amplifying a 102 bp fragment of
genomic DNA,6 50 mM KCl, 10 mM TRIS
pH 8.3, 1.5 mM MgCl2,, 200 µM of each of
dATP, dGTP, and dCTP, and 190 µM dTTP,
10 µM digoxigenin-dUTP, and 2.5 units of the
heat stable Thermus aquaticus (Taq) polymerase
(Boehringer Mannheim, Mannheim, Ger-
many) in a total of 50 µl. Each reaction was
amplified 35 cycles using variables of 94°C for
1 minute, 47°C for 1 minute, and 67°C for 1
minute. Before the first cycle, reactions were
heated for 5 minutes at 94°C and an additional
10 minutes was included at the final 67°C
elongation cycle. An additional aliquot of DNA
was amplified using 5 pmol of each of the â
globin primers GH20-PC04.7 This reaction
served as a positive internal control which
simultaneously amplifies a human â globin
product of 260 bp. Generation of an amplicon
by this primer indicated presence of adequate
amplifiable DNA.
Positive clinical specimens by culture, were

used as positive controls. Specimen contamina-
tion and carryover are prevented by using posi-
tive displacement pipettes, prior aliquoting of
all reagents, and performing pre- and post-
PCR steps in diVerent rooms specifically
allocated for PCR.
PCR reactions for detection of T vaginalis

and â globin sequences were hybridised and
detected by the Enzymun-Test DNA detection
assay (Boehringer Mannheim) using the auto-
mated ES 300 analyser following the manufac-

turer’s protocol. The oligonucleotide probe
PC037 was used for detection of â globin
sequences. The oligonucleotide probe TVB
(5'-GACCTCTAGAAGAAGACTCAG-3')
was designed from the nested amplification
area6 and was used for detection of T vaginalis
sequences. All T vaginalis positive samples by
conventional test or tampon PCR were tested
by amplification using a second primer pair
and subsequent hybridisation as described by
Kengne et al.8

A conventional test for T vaginalis was at
least one of the following: Pap smear or high
vaginal swab (HVS) or endocervical swab
(ECS) transported in either Amies medium or
Stuart’s medium. One laboratory went on to
culture the HVS (or the ECS if an HVS was not
taken) using Trichomonas medium (Oxoid,
based on Feinberg Whittington medium) read
daily for 2 days provided the swab arrived in the
laboratory within 48 hours. If a dry slide was
also received a Gram stain was performed. The
other two laboratories performed microscopy
of a wet preparation and Gram stain if a dry
slide was received. Wet preparations were not
performed in the health centres. The result
from the endocervical swabs was included
because several remote health centres did not
routinely perform an HVS as part of an STD
screen. In a subset of women attending remote
communities, an HVS was taken and directly
inoculated into Trichomonas medium (Oxoid,
based on Feinberg Whittington medium) in an
attempt to improve the yield.

STATISTICAL ANALYSIS

A ÷2 test or Fisher’s exact test was used to
assess unpaired categorical variables. A McNe-
mar test was used for paired categorical
variables. Confidence intervals were calculated
using the software package “Confidence inter-
val analysis”.9 Student’s t test was used to cal-
culate the diVerence between means.

Results
The conventional testing methods undertaken
on specimens from the 590 women who had
performed the tampon test are illustrated in
figure 1. Of the 590 women tested, 493
(83.6%) had two or more conventional tests
performed. The mean age was 28 years (range
13–73 years).
The reasons for testing for STD are shown in

table 1.
T vaginalis was detected in 51/590 (8.6%)

conventional tests and 93/590 (15.8%) tampon
specimens, (p << 0.001) (table 2). Retesting of
all positive tampon PCR specimens confirmed

Figure 1 Conventional methods of detection for Trichomonas vaginalis. ECS =
endocervical swab;HVS=high vaginal swab; Pap=Papanicolaou smear. ( )=total number
of tests.
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Table 1 Reasons for STD testing

Reason for test Number %

Symptoms of an STD 61 10.3
Contact of an STD 30 5.1
Pap smear due 195 33.1
“Well women’s check”
(Pap not due) 26 4.4

Antenatal check 9 1.5
Request for STD check 241 40.9
Other 16 2.7
Unknown 12 1.0
Total 590 100
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89/93 (95.7%) tests. A random sample of 180
tampon PCR negative specimens were all
negative when retested with the second primer
set. There were four cases where the tampon
PCR was negative and conventional testing was
positive; one was diagnosed on HVS only and
three on Pap smear only. Review of these Pap
smears showed features highly suggestive of the
presence of T vaginalis in two smears and the
third was equivocal. The mean age of women
with trichomoniasis diagnosed by tampon PCR
was 30.2 (SD 8.9) years and for women nega-
tive by tampon PCR was 27.8 (9.48) years, p
<0.005. Only 9/93 (9.7%) of women com-
plained of symptoms consistent with an STD.
Comparing the 163 women who had both a

Pap smear and an HVS transported in Amies
or Stuart’s medium, the Pap smear was positive
for T vaginalis in 12/163 (7.4%) versus 6/163
(3.7%) for HVS (p=0.08) (table 3). Compar-
ing the 92 women who had both a Pap smear
and an HVS directly inoculated into tri-
chomonas medium, the Pap smear was positive
in 23/92 (25%) versus 18/92 (19.6%) for HVS
(p=0.23) (table 3).
Using the tampon PCR as the reference, the

sensitivities of the diVerent conventional sam-
pling and testing methods for the detection of
T vaginalis were 8.3% (5/60) for ECS micros-
copy or culture, 31% (13/42) for HVS micros-
copy or culture, 52.8% (19/36) for HVS
directly inoculated into trichomonas medium
and 59.4% (38/64) for Pap smear (table 4).

Discussion
In this paper we provide a detailed comparison
of the conventional methods used to diagnose
T vaginalis in women from urban and remote
settings. The greatest sensitivity was associated
with the Pap smear and the least with ECS.

However, no conventional test approached the
sensitivity of the tampon specimen tested by
PCR.
Poor sensitivity with culture and wet prepa-

rations is well documented.10–16 In our study
transit times to the laboratory were long—in
many instances specimens had to travel in high
temperatures for several hundred kilometres.
The Pap smear performed better than wet
preparation, or culture of HVS, or direct
inoculation of HVS into trichomonas medium.
The Pap smear has been identified as a useful
adjunct to culture for the detection of T
vaginalis13–15 and reported sensitivities range
form 62% to 83%17 Our findings confirm that
an ECS is not useful in diagnosing T vaginalis,
which not surprising as it is primarily a vaginal
and not a cervical pathogen.
False positive results can occur with DNA

amplification diagnoses. Repeat testing of
discrepant specimens with diVerent primer sets
is an accepted method of validating DNA
amplification tests although it may slightly
overestimate the sensitivity and specificity.18

However, in our study, we retested all positive
tampon PCR specimens for T vaginalis and a
random sample of tampon PCR negative
specimens with a second primer set which con-
firmed all the negative and all but four of the
positive PCR samples. Ideally, the diagnosis of
T vaginalis by conventional methods should
have been made by direct wet preparation and
immediate microscopy followed by direct
inoculation into a selective trichomonas broth
for culture. It would have been impossible to
provide facilities, training, and staV to do this
in a field study involving nearly 20 small
remote health centres located hundreds of
kilometres from the main centre.
There has been a renewed public health

interest in STD control since STDs were
shown to facilitate the transmission of HIV.
The association of genital ulcerative disease
with HIV transmission is well documented but
the strength of association may be not be as
high as originally reported.19 The link between
non-ulcerative STDs and HIV transmission
may be of greater public health importance
given that they aVect considerably more of the

Table 2 Detection of Trichomonas vaginalis—tampon
PCR versus conventional test

Conventional
test *

Tampon PCR

TotalPositive Negative

Positive 51 4 55
Negative 42 493 435
Total 93 497 590

p< 0.001 (McNemar test).
*At least one of Pap smear or high vaginal swab or an endocer-
vical swab for culture or microscopy of a wet preparation.

Table 3 Detection of Trichomonas vaginalis—high
vaginal swab (HVS) versus Pap smear

HVS

Pap smear

Total
Trichomonas
positive

Trichomonas
negative

Microscopy/
culture:
Positive 5 1 6
Negative 7 150 157
Total 12 151 163

p = 0.08
Directly trich
medium:
Positive 15 3 18
Negative 8 66 74
Total 23 70 92

p = 0.23

McNemar test.

Table 4 Sensitivity of the diVerent methods compared with
tampon PCR

Conventional
methods

Tampon PCR

95% CIPositive Negative

ECS microscopy
or culture:
Positive 5 0
Negative 55 390
Sensitivity 8.3% 3–18%

HVS microscopy
or culture:
Positive 13 1
Negative 29 295
Sensitivity 31% 18–47%

HVS trichomonas
medium:
Positive 19 0
Negative 17 90
Sensitivity 52.83% 36–70%

Pap smear:
Positive 38 3
Negative 26 264
Sensitivity 59.4% 46–72%
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world’s population.3 Several studies have
shown a higher prevalence of T vaginalis in
HIV positive than HIV negative patients.20 21

Despite the fact that T vaginalis receives less
attention in the world literature than Neisseria
gonorrhoeae and Chlamydia trachomatis, it is not
a benign condition. The presence of T vagina-
lis may predispose to premature rupture of
membranes, premature labour, and low birth
weight22 and its potential role in HIV transmis-
sion is of great concern. For these reasons con-
sideration should be given to making T vagina-
lis a notifiable disease along with N gonorrhoeae
and C trachomatis in order to monitor control
programmes.
History and clinical examination are poor

predictors of infection with T vaginalis16 18 19

and in our study fewer than 10% of women
were symptomatic. With the exception of
women attending sexual health clinics for an
STD check, the majority of STD screening in
the top end of the Northern Territory has been
opportunistic screening at the time of the 1–2
yearly well women’s check and speculum
examination for Pap smear. Many health
centres do not routinely perform an HVS to
detect T vaginalis, relying on coincidental find-
ings on Pap smear. The PCR tampon test for C
trachomatis, N gonorrhoeae, and T vaginalis is
becoming the standard method for STD
detection in the remote, as well as many urban
centres. This will enable more frequent screen-
ing and staV already report that women are
attending clinics requesting a tampon test (or
“T” test as it is know locally).
We have little knowledge of the natural

history of T vaginalis in this population and the
prevalence in men is unknown. A study using
PCR for T vaginalis from a first void urine
specimen in men is planned.
In conclusion, T vaginalis is the most

common STD and is often asymptomatic so
HIV control strategies will need to focus on
simple, quick, acceptable, and sensitive meth-
ods for its detection. No conventional test in
the remote setting has comparable sensitivity to
PCR; Pap smear is about 60% but requires
vaginal examination. The use of this PCR will
allow inclusion of T vaginalis into STD screen-
ing programmes in both developed (lower
prevalence) and developing (higher preva-
lence) countries.
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