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SUMMARY

Background: Most sexually transmitted infection (STI) management efforts focus on the syndromic approach to
diagnose and treat patients. However, most women with STIs have been shown to be entirely asymptomatic, or if
symptoms exist, are often missed when either clinical or conventional bacteriologic diagnostic tools are employed.
Methods: We assessed the performance of a multiplex real time PCR assay to describe other potential pathogens
that could be missed by conventional bacteriological techniques in 200 women attending a routine STI clinic in Ku-
masi, Ghana.

Results: Although a total 78.00% of the women were asymptomatic, 77.1% of them tested positive for at least one
bacterial STI pathogen. Mycoplasma genitalium was the most commonly detectable pathogen present in 67.5% of all
women. Of those testing positive, 25.0% had single infections, while 38.0% and 19.5% had double and triple infec-
tions respectively. Altogether, 86.54% and 90.91% of the symptomatic and asymptomatic women respectively tested
positive for at least one pathogen (p<0.05). There were no significant associations (p<0.05) between the clinical
manifestations of the symptomatic women and the pathogens detected in their samples.

Conclusions: Our study confirmed the importance of complementing the syndromic approach to STI management
with pathogen detection and most importantly recognise that STIs in women are asymptomatic and regular empirical
testing even for both symptomatic and asymptomatic patients is critical for complete clinical treatment.
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INTRODUCTION

Sexually transmitted infections (STIs) are a group of
communicable diseases that are transferred predomi-
nantly by sexual contact. It is estimated that more than
340 million new cases of curable STIs occur every year
throughout the world among adults aged 15-49 years,
with the second largest proportion in sub-Saharan Afri-
ca.' In most developing countries, STIs and their com-
plications are among the top five diseases for which
sexually active adults seek health care.” Women of
childbearing age bear the brunt of major complications
resulting from STIs such as infertility, chronic pelvic
paigl, pelvic inflammatory diseases and ectopic pregnan-

cy.

Several bacterial, viral and fungal pathogens are known
to spread by sexual contact. The significant bacterial
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pathogens include Chlamydia trachomatis (CT), Neis-
seria gonorrhoeae (NG) and Mycoplasma genitalium
(MG). Infections caused by most of these pathogens are
known to be curable by employing appropriate antimi-
crobial treatment regimens.

Although several STI control efforts exist, these usually
target symptomatic patients (often men), and have failed
to identify asymptomatic individuals (usually women)
until serious complications develop.

The World Health Organization (WHO) recommends
the syndromic management approach to diagnose and
treat persons with STIs. This is based on the identifica-
tion of consistent groups of symptoms and easily recog-
nizable signs i.e. syndromes, and the provision of treat-
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ment targeting the organisms suspected of being respon-
sible for the syndrome. This approach includes counsel-
ing and detailed sexual history taking, recording of so-
cio-demographic characteristics, and clinical signs and
symptoms.* Even though this approach is pragmatic, it
is unable to detect infections among asymptomatic or
pauci-asymptomatic individuals. Research has shown
that most women with STIs are entirely asymptomatic,
pauci-symptomatic, or even if symptoms exist, they are
often unrecognized.”®”* As such many women do not
seek timely treatment for STIs, leading to severe un-
derreporting and a gross underestimation of the true
incidence and etiology of STIs in women.

Standard diagnostic protocols for STIs such as wet
mount and culture exist, but these can be complex, time-
consuming and not reliable.”'' Due to the potential
complications of bacterial STIs and most importantly
their interaction with HIV/AIDS,' timely and appropri-
ate treatment is crucial for improving health outcomes.
Accurate, reliable and timely diagnostic tests for STIs
are therefore extremely crucial for both discovering and
managing asymptomatic infections. Thus modern mo-
lecular diagnostic methodologies which provide a uni-
form platform for detecting both single and multiple
pathogens simultaneously can be very useful in address-
ing STIs.">'* Several studies have underscored the supe-
riority of multiplex real time PCR in pathogen detection
in terms of its sensitivity, specificity, reliability, timeli-
ness as well as its advantages over the syndromic ap-
proach in STI case detection and management.'*'>'®!7

In Ghana, relatively few epidemiological surveys em-
ploying molecular-based diagnostic techniques have
been carried out on the prevalence and etiology of STIs.

Studies have largely concentrated on social fac-
18,19,20,21,22

tors predisposing individuals to STIs or have
been limited to a number of etiological patho-
gens.”***>*® Therefore very little is known about the

contribution of other potential bacterial pathogens, par-
ticularly intracellular organisms to STIs. This study
utilized a multiplex real time polymerase chain reaction
(RT-PCR) tool to determine the etiology and magnitude
of seven bacterial STI pathogens among women visiting
a STI clinic in Kumasi, Ghana.

METHODS

Study setting, population and design

We conducted a cross sectional study at the Suntreso
Government Hospital, the main district hospital of the
Bantama sub-metropolitan area in the Kumasi metropo-
lis. On yearly basis, this hospital sees approximately
11,700 patients of which 48.72% are STI-related. The
hospital runs a dedicated STI clinic which serves as a
Specialist and referral centre for treatment and follow
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up within the Kumasi metropolis. The clinic occasional-
ly performs laboratory tests to diagnose gonorrhea and
syphilis using Gram staining and syphilis check rapid
tests respectively.

Our study involved women reporting for care at the STI
clinic between February and April 2014. Patients were
recruited irrespective of whether or not they were symp-
tomatic or asymptomatic. Symptomatic subjects are
described as those presenting with any of the following
conditions: lower abdominal pain, burning sensation
during urination, abnormal vaginal discharge, and ab-
normal vaginal bleeding. Asymptomatic subjects did not
present with any of the symptoms outlined above at the
time of visit but had experienced these symptoms in the
past. All women reporting to the clinic were eligible for
inclusion if they consented to participate.

Data collection and sampling

All patients visiting the clinic within the study period
were assigned a number, and 200 of these were selected
for inclusion in the study using a computer-generated
random process. A standardized questionnaire was ad-
ministered to each participant by trained STI research
assistants. Data on socio-demographic characteristics
and current self-reported symptoms including lower
abdominal pain, burning sensation during urination,
abdominal discharge, and abnormal vaginal bleeding
were electronically captured. After general examination
by a doctor, an individually wrapped dry cotton flocked
swab (Copan, Brescia-Italy) was introduced into the
cervical canal of eligible women per vaginum by a
nurse, and gently rotated without undue discomfort to
the patient and withdrawn. The swabs were labeled,
placed immediately on ice packs and transported to the
laboratories of the Kumasi Centre for Collaborative
Research in Tropical Medicine (KCCR).

Laboratory processes

DNA extraction

On arrival, we suspended the swabs in 0.5 ml of
1XPhospate-Buffered Saline (PBS) and vortexed them
for 30 seconds. The swabs were thereafter discarded and
the suspension centrifuged at 10,000xg for 15 minutes
at room temperature. The supernatant was discarded and
the pellet re-suspended in 190 pl of 1XPBS. Ten micro-
liters of STI-7 internal control (Seegene, Korea) was
added and DNA extracted following the Qiagen DNA
mini kit protocol (Qiagen GmbH, Hilden, Germany).

Multiplex real time Polymerase Chain Reaction (RT-
PCR)

Multiplex RT-PCR was conducted using the Anyplex™
IT STI-7 assay (Seegene, Korea) following the manufac-
turer’s instructions. This assay relies on a newly devel-
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oped Tagging Oligonucleotide Cleavage and Extension
(TOCE™) technology and permits the simultaneous
detection of seven nucleic acid targets of Chlamydia
trachomatis (CT), Neisseria gonorrhoeae (NG), Myco-
plasma genitalium (MG), Mycoplasma hominis (MH),
Ureaplasma urealyticum (UU), Ureaplasma parvum
(UP) and Trichomonas vaginalis (TV). In brief, 5 pl of
extracted DNA was added to a PCR tube of Anyplex™
IT STI-7 detection reagents, consisting of 5 pl of deion-
ised water, 5 pl of primer, and probe mixture for the
seven STI pathogens, and 5 ul of Anyplex™ II PCR
master mix. We then performed the DNA amplification
and detection on a CFX96™ Biorad real-time PCR plat-
form (Biorad, Singapore) associated with the Seegene
viewer software (Seegene, South Korea) per the manu-
facturer’s guidelines. Positive and negative controls
were included per run. Results were given as positive or
negative.

Ethics, consent and approval

We obtained ethical approval from the Committee on
Human Research Publication and Ethics (CHRPE) of
the School of Medical Sciences, Kwame Nkrumah Uni-
versity of Science and Technology. We also sought
permission from the Head of the STI clinic of our study
hospital. We explained the aims and objectives of our
study to potential participants, after which verbal con-
sent was obtained from those willing to take part in the
study. Written informed consent was also secured, ex-
pressed by the participants appending their signatures or
thumbprint to the informed consent form.

Data Management and Statistical Analysis

Data were electronically captured with Android Smart
Phone technology using the CommCare application
software (CommCare ODK, version 2.18), sent through
the cloud which aggregated into a Microsoft Excel file
in a central computer. Data were cleaned and then ex-
ported into Stata (version 12.0; Stata Corp LP, College
Station, TX, USA) for analysis. Descriptive statistics
were summarized and displayed in tables, graphs and
charts. For continuous variables, estimates were for the
means, with their standard deviations, while discrete
variables were analysed using chi-square tests. We cal-
culated the overall prevalence of the microorganisms in
the population and as well, for mono, double and multi-
ple infections. Logistic regression analysis was per-
formed on binary data, and 95% confidence levels as-
suming a default alpha of 5%.

RESULTS

Characteristics of the study population

The average age of the women was 29.3£8.4 years
(range 11-68). More than half of the study population
(53.50%) were between 21-30 years old, and 40% were
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married. Forty percent (40%) of the population had at
least a primary level of education, 88.0% were Chris-
tians and 79.50% were Asante speaking Akans (Table

1.

Table 1 Characteristics of the study population

Variable Category Frequency (%)
Age group (years)
<20 19 (9.50)
21-30 107 (53.50)
31-40 54 (27.00)
41 + 20 (10.00)
Marital status
Married 79 (39.50)
Living together 44 (22.00)
Divorced 6 (3.00)
Widowed 4(2.00)
Single 67 (33.50)
Education level
Illiterate 18 (9.00)
Primary 80 (40.00)
Secondary 65 (32.50)
Tertiary 37 (18.50)
Occupation
Student 33 (16.5)
Salaried worker 28 (14.0)
Trader 38 (19.0)
Unemployed 37 (18.5)
Others 64 (32.0)
Religion
Christian 176 (88.0)
Muslim 23 (11.50)
No religion 1(0.50)
Ethnicity
Akan 159 (79.90)
Ga/Dangme 2 (1.01)
Ewe 1(0.05)
Northerner 10 (5.00)
Other groups 28 (14.57)

Acetiology of STIs and co-infections

Overall, 87.5% of the 200 women screened had at least
one positive STI pathogen. Of those testing positive,
25.0% had one positive pathogen (single infections),
while 38.0% and 19.5% were positive for two and three
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pathogens respectively and 5.0% had four pathogens per
sample.

Of the pathogens detected, MH was the most common,
present in 67.5% of the women, UP in 62.5%, and UU
in 33.5%. TV was the least detectable pathogen and was
present in only one individual.

Association between Clinical presentation and path-
ogen detection

A total 78.00% of the women were symptomatic. They
were younger (age range, 14-57 years; mean, SD,
28.56+7.7 years) compared to the 44 asymptomatic pa-
tients (age range, 11-68 years; mean, SD, 32.05+10.2
years).

The commonest presenting complaint of symptomatic
women was abnormal vaginal discharge; 68.5%, fol-
lowed by 31% experiencing burning sensation during
urination, 29% with pelvic pain, and 9% with abnormal
vaginal bleeding. A total of 86.54% of the symptomatic
participants tested positive for at least one pathogen
compared with 91% of the asymptomatic patients who
had at least one detectable pathogen in their sample
(¥*=0.59, p=0.439). Of the symptomatic women,
78.52% tested positive for CT, compared with 21.48%
of the asymptomatic women (}*=0.07, p=0.799). A fur-
ther 76.8% and 29.2% of the symptomatic and asymp-
tomatic women respectively were positive for UP
(x*=0.28, p=0.597). See Table 2.

Table 2 Pathogen detection in symptomatic and asymp-
tomatic women

Patho- Symptomat-  Asymptomat- > (p-

gen (N) ic N (%) ic N (%) val-
(N=156) (N=44) ue)

MH 106 (78.52) 29 (21.48) 0.07 (0.799)

(135)

UP 96 (76.80) 29 (29.20) 0.28 (0.597)

(125)

UU (67) 56 (83.58) 11 (16.42) 1.83 (0.176)

NG (15) 13 (86.67) 2(13.33) 0.71 (0.400)

MG (9) 5(55.56) 4 (44.44) 2.77 (0.096)

CT (7) 4(57.14) 3 (42.86) 1.84 (0.175)

TV (1) 1 (100.00) - -

Our results revealed no significant associations (p<0.05)
between the clinical manifestations as presented by the
symptomatic women and the pathogens detected in their
samples.

Patient age and pathogens

Of the 175 women who tested positive for a pathogen,
the highest detections (94/175) were observed in those
within the 21-30 year bracket followed by those within
the 31-40 (49/175) and 40+ (17/175) groups. The group
with the least detections was the less than 11 (15/175).
There was no association between patient age and the
pathogens detected (p<0.05) (Table 3).

Table 3 Distribution of patients according to age group and detected pathogen.

Age * CT (%) NG (%) MH (%)
<20 1(5.26) 1(5.26) 13 (68.42)
21-30 4(3.74) 6(5.61) 72 (67.29)
31-40 1(1.85) 6 (11.11) 40 (74.07)
>40 1 (5.00) 2 (10.00) 10 (50.00)
2 0.76 1.88 3.865
pt-value 0.859 0.597 0.276

* Age category in years, pt-value: p-value for trend

DISCUSSION

This study reports on the use of a multiplex real time
PCR system to determine bacterial etiology and distri-
bution of STI pathogens among women visiting a STI
clinic in Ghana. Our detection rate of 87.5% compares
to that found in France (70.4%) where the same detec-
tion methodology (Anyplex II STI-7) was employed.'*
Our prevalence rate is however higher than those in
previous studies where rates of 1.9-17% have been ob-
served in five cities in West Africa.”’ Particularly, our
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MG (%) UU (%) UP (%) TV (%)
1(5.26) 6 (31.58) 11 (57.89)

6(5.61) 37 (34.58) 61 (57.01) 1(0.93)
2 (3.70) 18 (33.33) 39 (72.22)

0 6 (30.00) 14 (70.00)

1.353 0.198 4206 0.874
0.717 0.978 0.24 0.832

rate is higher compared with other studies in Ghana
which found rates ranging from 0.6-7.7%.**** However
there could be some bias in comparing our study with
some previous studies in the sub region. These may
include the different study population such as our case
where our site is a major referral STI hospital, the detec-
tion methodologies employed and most importantly the
number of pathogens targeted. Most studies have relied
on sex workers®® and pregnant women attending ante-
natal and gynecological clinics.***
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Additionally, all these studies focused predominantly on
two key bacteria pathogens (Chlamydia and gonoccocal
infections).”** Furthermore, even though these studies
employed nucleic acid detection assays, they focused on
single detections. Except for special circumstances, such
as antimicrobial sensitivity testing, nucleic acid detec-
tion assays have become the tests of choice because
they can rapidly detect multiple pathogens simultane-
ously via their multiplex function. Consequently, multi-
plex PCR assays obviates individual detections, allows
faster and reliable detections, and reduces labour and
reagent costs as well."”

At most health facilities, multiplex real time PCR is not
the recommended approach towards case management
due to its associated cost implications especially in re-
source poor countries. Using this multiplex detection
system, our study identified single, multiple and as well
co-infections in the study population that otherwise
would not have been detected. This indicates that unlike
the syndromic approach to STI case detection manage-
ment where treatment is based on signs and symptoms,
the multiple pathogen detection approach allows for the
detection of the most important sexually transmitted
pathogens, thereby providing a means for a more thor-
ough evaluation of the clinical significance of the vari-
ous organisms. Epidemiological surveys using this ap-
proach could be advantageous since they can be used to
provide information on the bacterial agents most fre-
quently responsible for STIs in women and better in-
form the syndromic case management approach.

Our PCR methodology revealed high detection rates for
MH and the two Ureaplasma spp (UU and UP) in both
symptomatic and asymptomatic women. This conforms
to previous studies in the USA where these pathogens
were detected in 40-80% and 21-53% of symptomatic
and asymptomatic women respectively.”® The role of
these organisms as STI pathogens needs to be empirical-
ly determined due to the controversy surrounding them.
For example, even though UP has been associated with
fatal pregnancy outcomes,’' its role as a STI pathogen
remains unclear. Further investigations into the patho-
genicity of these organisms is necessary.

Our total detection rates of 3.5% for CT and 7.5% for
NG is also consistent with other studies in Ghana where
rate ranges of 3.0 -7.7 and 0.6-3.4% for CT and NG
respectively have been reported.”******3? However,
when comparing these pathogens among symptomatic
and asymptomatic women, CT was frequently detecta-
ble in the latter. This further strengthens the need to
complement the syndromic approach with pathogen
detection in the management of STIs especially for
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women who tend to be entirely asymptomatic or pauci-
symptomatic.

Unlike a previous study in Ghana which reported 6.7%
of TV detections among women attending a STD clinic,
our data suggested a low detection in the population.
Generally, TV is known to have a low prevalence.'*'® It
is therefore possible that due to its generally low preva-
lence among women, our nucleic acid detection assay
may have a low positive predictive value for this patho-
gen as it has already been reported.'” However, it will
be highly relevant to conduct further studies to deter-
mine its relevance in STIs especially in women.

In this study, the chief complaint of the women was
abnormal vaginal discharge. The reason for this could
be because our study population comprised of women.
It is known that almost all STI etiological agents, be
they bacterial, protozoan, viral or fungal have manifes-
tations of vaginal discharge in women.” Higher rates of
similar syndromes have also been reported in Ethiopia.*

The absence of significant associations between the
pathogens detected and self-reported symptoms has
implications for the syndromic approach to STI case
management. Even though this approach avoids expen-
sive laboratory tests, can easily be implemented at the
primary health care level and is particularly sensitive
among symptomatic people, its numerous associated
disadvantages outweighs some advantages. Key among
the disadvantages is its inability to detect infections
among asymptomatic or pauci-symptomatic women.
Our study detected pathogens in more that 90% of the
asymptomatic women. As shown by several studies,
since many STI infected women are entirely asympto-
matic or pauci-symptomatic,’>*>® it is needful to adopt
a pathogen detection approach of key STI organisms in
case management. This will prevent over diagnosis and
over treatment which also portend an increase in drug
resistance, changes in vaginal flora and possible side
effects of multiple drugs.

CONCLUSION

Our study confirmed the importance of increasing vigi-
lance against STIs by complementing the syndromic
approach with specific pathogen detection, and most
importantly recognizing that STIs in women are often
pauci-symptomatic or entirely asymptomatic and regu-
lar empirical testing for them is crucial.

The multiplex real time PCR methodology employed
proved useful in identifying seven STI pathogens in our
study population. The generally high STI pathogen de-
tection rates, especially in our asymptomatic study par-
ticipants, further confirms the relevance of exhaustive
testing using sensitive methods to prevent unnecessary
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treatment with antibiotics. Our study further contributes
to our understanding of the epidemiology of bacterial
etiologic agents of STIs in symptomatic and asympto-
matic women in Ghana and makes a case for further
attention to be paid to addressing case management
strategies to diminish the burden of the disease.

Our study was limited in a number of ways. Firstly, we
did not have access to data on other key factors such as
behaviour, biology and social factors with the potential
to influence the acquisition of the bacterial pathogens of
STIs. Further studies should therefore be conducted to
stratify according to sociological, biological and behav-
ioural background. In addition, future studies may in-
volve other viral and fungal pathogens of STI to enable
a holistic approach towards STI case management. Alt-
hough multiplex real time PCR has a disadvantage of
being expensive and requires highly skilled personnel to
deliver, some level of emphasis should be placed on it at
least in referral hospitals and research institutions to
help improve STI case management.
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