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Abstract: We determined the prevalence and reported risk factors associated with sexually trans-
mitted and reproductive tract infections (STI/RTIs) among patients who presented with genital
symptoms in STI/outpatient department (OPD) clinics in two regional referral hospitals and six
health centres in six regions in Tanzania. Methods: The patients were consecutively recruited, and the
data collection was conducted in eight health care facilities from 2014 to 2016. Genital swabs were col-
lected for the detection of the aetiological pathogens of STI/RTIs. Results: A total of 1243 participants
were recruited in the study; the majority (1073, 86%) were women. The overall median age was 27.8.
The prevalence of Neisseria gonorrhoeae was 25.7% (319/1243), with proportions of 50.9 and 21.5% for
men and women, respectively, of Chlamydia trachomatis 12.9% (160/1241) and Mycoplasma genitalium
4.7% (53/1134). Unmarried men were more often likely to be infected with gonococcal infections as
compared to their women counterparts (57.9 vs. 24.1%) p < 0.001. The majority presented with genital
discharge syndrome (GDS) 93.6% (1163/1243), genital ulcer disease (GUD) 13.0% (162/1243) and
GDS + GUD 9.6% (119/1243). GDS was more common in the health centres, 96.1% (1195/1243), vs.
the regional referral hospitals, 92.2% (1146/1243) (p = 0.01), but those reported to the regional referral
hospitals were more likely to be infected with N. gonorrhoeae (OR = 2.5) and C. trachomatis (OR = 2.1)
than those from the health centres (p < 0.001). The prevalence of bacterial vaginosis (BV) and vaginal
candidiasis (VC) was 24.1 and 10.4%, respectively. Interestingly, unmarried and BV-positive women
were less likely to be infected with VC (p = 0.03), though VC was strongly inversely associated with
an N. gonorrhoeae infection (p < 0.001). High proportions of N. gonorrhoeae (51.1%) and C. trachomatis
(23.3%) were found in the Dodoma and Dar es Salaam regions, respectively. M. genitalium (7.6%) was
found to be the highest in Mwanza. Conclusion: We reported a high prevalence of STI/RTIs. The
findings suggest that these infections are common and prevalent in STI/OPD clinics in six regions
of Tanzania. We recommend surveillance to be conducted regularly to elucidate the true burden of
emerging and classical STI/RTIs by employing modern and advanced laboratory techniques for the
detection and monitoring of STI/RTIs in low- and high-risk populations, including the community
settings.
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1. Introduction

Sexually transmitted infections (STIs) are commonly caused by diverse aetiological
microorganisms, which include bacterial, viral, fungal and or parasitic infections. Most of
these microorganisms cause high morbidity with serious complications and consequences,
such as miscarriages, postpartum sepsis, foetal wastage and pelvic inflammatory disease
(PID), with which it greatly contributes to high rates of infertility, maternal and perinatal
morbidity and mortality [1]. STIs are a major public health problem worldwide [2]. Recent
reports indicated that 273 million prevalent cases of STIs occur annually among people
aged between 15 and 49 years [1,3]. The incidence and prevalence are common in the world,
particularly in the resource-constrained countries [1,3,4].

In resource-constrained countries, the rates of gonorrhoea and chlamydia remain high,
and the underestimates thereof are also high because of ineffective diagnostic methods and
inaccessibility to health care facilities. In 2008 to 2013, previous studies reported varying
rates of 0.3 to over 20% for gonorrhoea in the large cities of Dar es Salaam and Mwanza
(Tanzania) and in Lusaka (Zambia) among women attending STI/outpatient department
(OPD) and antenatal clinics [5,6].

Mycoplasma genitalium is a causative agent of non-gonococcal non-chlamydial urethritis
(NGNCU) in men and cervicitis in women, and it is reported to be associated with PID,
infertility and preterm birth [7]. M. genitalium was first isolated in the early 1980s in men
with NGNCU, but owing to the difficulties in detecting the microorganism by culture,
much research was conducted since the development of nucleic acid amplification tests.
In population- and health care-based studies, M. genitalium was detected in substantial
proportions of men with urethritis and women with cervicitis. Based on these studies,
routine testing was suggested to detect and treat M. genitalium in symptomatic attendees
in health care settings, and the recommendation was also extended to low-risk general
populations [7–10].

Bacterial vaginosis (BV) and vaginal candidiasis (VC) are essentially non-sexually
transmitted reproductive tract infections (RTIs) which are often the main reason for women
to present with genital complaints to most health centres. In both cases, there is much
inconsistency in the diagnostic algorithms used, and the data also show little consistency. It
is clear, however, that the prevalence of BV is extremely high, with the highest prevalence
rates being observed in both health care settings [6,11,12] and the community population-
based studies [12–14]. VC, which is usually characterised with curd-like discharge among
women attending STI/OPD clinics, was reported to have a high prevalence. The typical
symptoms include pruritus, vaginal soreness and or dyspareunia. It is estimated that 75%
of women will have at least one episode of this disease and 40–45% will have two or more
episodes [4].

The epidemiology of STI/reproductive tract infections (RTIs) is influenced by many in-
terrelated factors including socio-geographical which produce multiple micro epidemics [2].
The factors influencing the high prevalence of these infections are not only found in lower
socioeconomic groups [15] but also in higher socioeconomic groups, particularly among
different populations, such as men who have sex with men (MSM), international travellers,
commercial sex workers and their clients [3,4]. Young people who initiate sex early in
adolescent pregnant women are as well among those who are at increased risks of gonor-
rhoea, chlamydia and BV [16]. Multiple infections ranging from 2 to 40% of gonorrhoea,
chlamydia and BV in different populations were also reported in previous studies [5,17,18].

The effective intervention and control of these infections using the syndromic approach
hinges on the understanding and monitoring of current, local and international patterns
of aetiological pathogens [1,12]. In resource-constrained countries including Tanzania,
syndromic management is being implemented, and though this is a cost-effective strategy,
its value is very limited not only in the detection and management of asymptomatic
infections but also because symptomatic populations receive inappropriate treatment or
overtreatment. Hence, recurrent episodes among symptomatic patients are currently
escalating, resulting in the overburden of health care services. Recurrent episodes can
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be associated with high multiple/mixed infections and sometimes treatment failure to
common genital tract infections is high due to drug resistance [12,19].

Many previous studies reported that most patients, especially women, that were
diagnosed by the syndromic approach revealed that their total infection load as determined
by aetiological diagnosis is quite low. This could mean that these infections are being
over-diagnosed by the investigating physicians and even that physiological discharge is
misinterpreted as pathological. For example, a previous study found that psychosocial
factors instead of aetiological agents were found to have the strongest association with the
complaint of genital discharge, especially in women. It was recommended that syndromic
management algorithms be refined so that women with complaints that are non-infectious
in aetiology are offered psychosocial interventions [13].

The early detection and monitoring of emerging and classic aetiological pathogens
of STI/RTIs require advanced laboratory expertise, especially in resource-constrained
countries. Most clinical laboratories lack the ability and expertise to conduct microbiological
testing for the detection of common infections. In Tanzania, the current and available data
on the aetiological pathogens of STI/RTIs are limited. However, there is a need for the
current data to guide management and inform the regular review and update of the
syndromic management approach as recommended by the WHO [1,20].

Therefore, determining current aetiological pathogens of STI/RTIs using reliable and
advanced modern molecular techniques is pivotal in order to generate current and correct
information to appraise and review the treatment guidelines for the effective management
and control of these infections in the country. In the present study, we determined the
prevalence of common STI/RTIs caused by N. gonorrhoeae, C. trachomatis, M. genitalium,
Gardnerella vaginalis and Candida albicans. Further, the study aimed at generating current
information on the magnitude and prevalence of the aetiological agents and risk factors
associated with STI/RTIs from patients presenting with genital symptoms in two regional
referral hospitals (Dodoma and Mwanza) and six health care facilities (Dar es Salaam,
Mwanza, Kilimanjaro, Tanga and Mbeya) among six geographical regions in Tanzania. Fur-
thermore, the performance characteristics of syndromic management algorithms compared
to laboratory techniques were also evaluated.

2. Materials and Methods
2.1. Study Design and Population

This was a cross-sectional, health facility-based study whereby patients who attended
STI/OPD clinics presenting with genital symptoms were recruited between 2014 and
2016. Patients who presented with genital discharge syndrome (GDS) and/or genital ulcer
syndrome (GUS) symptoms were recruited; socio-demographic and clinical data were
consecutively collected at one point in time at each study site. Eight health care facilities in
the six regions that were randomly selected from a total of sixteen clinics were Infectious
Disease Clinic (IDC), Dar es Salaam; Ngamiani Health Centre, Tanga; KRHP, Kilimanjaro;
Igawilo and Ruanda health centres, Mbeya; regional referral hospital, Dodoma and Sekou
Toure regional referral hospital; and Igoma health centre, Mwanza. After obtaining written
informed consent, participants were recruited and enrolled in each study site. However,
written assent was sought and obtained from a parent or a guardian for a participant aged
15 years old (approvals by the National Institute for Medical Research Ethics Committee Ref.
No. NIMR/HQ/R.8c/Vol.1/191 and MUHAS Research and Publications Committee Ref.
No. 2016-06-07/AEC/Vol. XI/28). Adult participants who did not consent to participate
in the study and a parent or a guardian who did not provide assent for 15 year old were
excluded from the study.

GDS was defined as self-reported or having a discharge (examined). The presence
of a vaginal discharge (VD) with either mucopurulent, yellowish-green, curd-like, lower
abdominal pain/low backache, itching and/or redness was noted and recorded during
clinical examination and the presence of urethral discharge (UD) was noted after “milking”
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the urethra if a discharge was not initially seen. GUS was defined as a reported and/or
examined presence of an ulcer, sore, vesicle, genital rash and or warts on examination.

2.2. Data Collection and Laboratory Methods

An interview was conducted using a structured questionnaire. Genital examination
was performed, and specimen was collected by a qualified and trained clinician who
was attending the patient. A dacron swab was collected from endo-cervical and urethral
exudates for detection of common pathogens of STIs. Another swab was collected from
the vaginal wall. N. gonorrhoeae was identified by colonial morphology, Gram stain and
oxidase test. Further, N. gonorrhoeae isolates were confirmed by Real-Time PCR assay.

A smear was made and Gram stained for Nugent score for the detection of BV and the
same smear was also used for microscopic examination of Gram-positive yeast, hyphae or
pseudohyphae for detection of VC. Urethritis and/or cervicitis was defined as the presence
of five or more polymorphonuclear leucocytes per high power field (PMNs ≥5/HPF) in
the urethral/vaginal smear. Specimens to be used to test for the presence of N. gonorrhoeae,
C. trachomatis and M. genitalium were transported in a cool box and stored at −20 to −40 ◦C
before testing by Artus CT/NG QS-RGQ real-time Polymerase Chain Reaction (PCR) assay
(Qiagen GmbH, Hilden, Germany). Smears for detection of BV and VC by Nugent Score
were heat fixed and transported in a slide box and stained by Gram-stain technique. The
most common Amsel’s criteria and the gold standard laboratory-based Nugent Gram-
staining evaluation were used (21, 22). Slides of vaginal smears were Gram stained and
the bacterial morphotypes were quantified and scored as follows: Large Gram-positive
rods (Lactobacillus scored as 0 to 4), small Gram-variable rods (Gardnerella vaginalis scored
as 0 to 4) and curved Gram-variable rods (Mobiluncus species scored as 0 to 2). Bacterial
vaginosis was put on a 10-point scale where 0–3 was regarded as normal (predominantly
Lactobacillus), 4–6 as intermediate (mixed flora) and 7–10 positive for BV (no Lactobacillus).

2.3. DNA Extraction and Testing

Buffers in the reagent cartridge were checked if they did not contain a precipitate
(Qiagen GmbH, Hilden, Germany). Troughs containing buffers from the reagent cartridge
were removed and incubated for 30 min at 37 ◦C with occasional shaking to dissolve the
precipitate (Qiagen GmbH, Hilden, Germany). When the reagent cartridge was already
pierced, the troughs were sealed with Reuse Seal Strips and complete reagent cartridge was
incubated for 30 min at 37 ◦C with occasional shaking in a water bath. Bubbles from the
surface were aspirated and the buffer was left to cool to 15–25 ◦C. Vigorous shaking of the
reagent cartridge was avoided to generate foam which could lead to liquid-level detection
problems. Swabs were suspended in phosphate-buffered saline, urogenital materials
and cells were pelleted by centrifugation. DNA was extracted in an alkaline lysis buffer
and bound onto the QIAamp silica-gel membrane during a brief centrifugation (Qiagen
GmbH, Hilden, Germany). Purified DNA was eluted from the QIAamp spin column in a
concentrated form in a Tris buffer.

2.4. Real-Time PCR Assays

Real-time PCR for qualitative detection of C. trachomatis plasmid and N. gonorrhoeae
genomic DNA was performed using Artus CT/NG QS-RGQ real-time PCR assay (Qiagen
GmbH, Hilden, Germany). The components of the artus CT/NG QS-RGQ assay were stored
at –15 to –30 ◦C and were stable until the expiration date. Repeated thawing and freezing
more than two times was avoided as this might have reduced performance of the assay. If
the reagents were to be used only intermittently, they were frozen in aliquots. Storage at
2–8 ◦C did not exceed 5 h. Before each use, all reagents were thawed completely, mixed by
quick vortexing and centrifuged for at least 3 s at 6800× g. All reagents that were loaded
on the assay setup module were used in that run only. The CT/NG RG Master contained
reagents and enzymes that were for the specific amplification of 86 and 66 bp regions
of the C. trachomatis genome and a 74 bp target of the N. gonorrhoeae genome. Real-time
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PCR was also used for detection of M. genitalium. Target amplification and detection were
performed in a Rotor-Gene Q instrument (Qiagen, Hilden, Germany). The instrument
was checked, maintained and calibrated according to manufacturer’s instructions. All
processes from DNA extraction, amplification and detection were conducted according
to manufacturer’s instructions (Qiagen, Hilden, Germany). Each assay included internal
controls (ICs) and external positive and negative controls (Control CT+/NG− and Control
NG+/CT−). Testing was performed at NIMR Mwanza laboratory and results were verified
and reported as per manufacturer’s instructions.

2.5. Data Analysis

Socio-demographic and laboratory data were entered into CSPro software (https:
//www.census.gov, accessed on 19 October 2022) for data analysis. Prevalence of STI/RTIs
and associated factors were determined, and data analysis was performed using Epi Info
7.0 (https://www.cdc.gov/epiinfo/index.html, accessed on 19 October 2022) and STATA
13.0 (Stata Corp, Timberlake, NC, USA). Chi square and t-tests where applicable were
performed to assess the associations of different aetiological pathogens of STI/RTIs and
the associated factors. In logistic regression analysis, intermediate category of Nugent
Score was excluded in the analysis for BV. Sensitivity, specificity, PPV and NPV analyses of
syndromic management were also performed. Findings were presented as odds ratio (OR)
at 95% CI. A p value of <0.05 was regarded as statistically significant. p values exceeded or
≤0.000 were truncated to <0.001.

3. Results
3.1. Socio-Demographic Characteristics

A total of 1243 participants were included in the study. Women (1073, 86.3%) con-
sisted of the majority of the study participants. The overall median age was 27.8 (range
15–78 years) and the mean ratio of M:F was >6, indicating that women with genital symp-
toms were more likely to present to health care facilities than men. Over 80% of all the
participants were in the age group between 15 and 45 years.

3.2. Prevalence of and Factors Associated with STI/RTIs

The prevalence of N. gonorrhoeae was 25.7% (320/1243), with proportions of 50.9 and
21.5% observed among men and women, respectively. Moderate and low rates of 12.9%
(160/1241) and 4.7% (53/1134) were found for C. trachomatis and M. genitalium, respectively.
The highest proportions of 51.1% (163/320) and 46.9% (75/160) for N. gonorrhoeae and C.
trachomatis were observed among patients who presented to the referral health facilities in
the Dodoma and Dar es Salaam regions, respectively. M. genitalium was the highest (7.6%;
4/53) among patients reported at the Sekou Toure regional referral hospital and the Igoma
health centre in the Mwanza region.

The prevalence of BV was 24.1% (212/883), with the highest proportion of 31.6%
(67/212) found in Moshi, Kilimanjaro, among patients attending a reproductive health
program. Using the Nugent Score, BV-positive women were classified into three main cate-
gories, those who had BV attributed only to the Gardnerella vaginalis/Bacteroides/Prevotella
species (79.2%), G. vaginalis/Bacteroides/Prevotella plus Mobiluncus (17.8%) and Mobiluncus
species (3%). The prevalence of VC was 10.4% (107/1032). There was a statistically sig-
nificant univariate association among women who had BV compared to those who had
VC (p = 0.02). Women who had BV were more likely to be infected with an N. gonorrhoeae
infection (p < 0.001) compared to those who were uninfected. Women infected with VC had
consistently exhibited a significant association with an N. gonorrhoeae infection (p < 0.001).

The overall prevalence (total infection load) of the infections attributed to STIs and
RTIs was 44.7% (555) and 33.3% (345), respectively. The proportions of all the STIs were
35.1, 8.6 and ~1% for single, double and >3 multiple infections, respectively. Unmarried
men were more likely to be co-infected by either N. gonorrhoeae, C. trachomatis and/or M.
genitalium than their women counterparts (57.9 vs. 24.1%; p < 0.001).

https://www.census.gov
https://www.census.gov
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For symptoms, the majority of the participants, (93.6%; 1163/1243) presented with
GDS, GUD (13.0%; 162/1243) and GDS + GUD (9.6%; 119/1243) reported, to present either
singly or in combination with other clinical symptoms during the clinical history and
genital examination procedures. Aetiologically, of all those who presented with GDS and
GUD, only 4.7 to 25.7% and 1.8 to 9.6% were found infected with either C. trachomatis, N.
gonorrhoeae and/or M. genitalium, respectively. The proportions observed among men with
urethritis and women with cervicitis accounted for 45.6 and 39.3%, respectively.

In the logistic regression analysis models (Table 1), the socio-demographic and clinical
data were compared specifically with the laboratory results to determine the association
of these infections. Men were more likely to be infected with N. gonorrhoeae than women
(adjusted OR = 3.7). In the model, overall (adjusted OR = 3.7) the N. gonorrhoeae infection
was significantly and consistently found associated with many risk factors as adjusted
to age, marital status, type of health facility, study site (region) and type of syndromes.
This indicates that N. gonorrhoeae strains were diversely and heterogeneously associated
with many infections among different risk factors. The patients who presented to the
referral hospitals had higher risks of being infected with N. gonorrhoeae (AOR = 2.5) and C.
trachomatis (AOR = 2.1) than those who presented to health centres (p < 0.001). However,
those who presented with GDS were more often likely to be infected with C. trachomatis
(p = 0.01) and those with GUD were less likely to be infected with N. gonorrhoeae (p = 0.006)
than any other infections, respectively.

Table 1. Prevalence and Odds Ratios of Risk Factors Associated with STI/RTIs among Study Participants.

Variable

+ N.
gonorrhoeae

PCR
N = 1243

+ C.
trachomatis

PCR
N = 1241

+ M.
Genitalium

PCR
N = 1134

* Bacterial
Vaginosis

Nugent Score
N = 883

* Vaginal
Candidiasis

N = 1032

** N.
gonorrhoeae

Culture
N = 1243

n (%)
AOR (95% CI)

n (%)
AOR (95% CI)

n (%)
AOR (95% CI)

n (%)
AOR (95% CI)

n (%)
AOR (95% CI)

n (%)
AOR (95% CI)

Overall
prevalence

319 (25.7)
1.9 (1.2–3.3)

160 (12.9)
1.4 (0.7–2.9)

53 (4.7)
1.2 (0.5–4.9)

212 (24.1)
0.8 (0.5–1.7)

107 (10.4)
0.7 (0.3–1.5)

98 (7.9)
2.5 (1.7–3.9)

Sex
Men Reference

Women 162 (50.9%)
3.7 (2.7–5.2)

17 (10.6)
0.7 (0.4–1.2)

3 (5.5)
1.0 (0.5–1.5)

53 (24.8)
0.6 (0.3–1.4)

14 (12.8)
0.3 (0.1–1.5)

29 (29.9)
4.5 (3.7–8.2)

Age, years
15–35 Reference

36–55 78 (24.6%)
0.9 (0.2–3.3)

20 (12.5)
1.6 (0.6–4.3)

2 (3.6)
1.2 (0.3–1.8)

57 (26.8)
0.6 (0.3–1.5)

26 (24.0)
0.5 (0.3–1.8)

6 (6.4)
2.5 (1.1–7.7)

56–78 91 (28.4%)
1.1 (0.3–4.0)

25 (15.3)
1.8 (0.6–5.1)

2 (2.9)
0.5 (0.9–1.2)

60 (28.5)
0.7 (0.2–2.9) - -

Marital status
Not married

98 (30.7%)
1.8 (0.6–5.3)

21 (12.9)
0.9 (0.6–1.2)

3 (5.1)
1.2 (0.5–3.1)

48 (22.4)
0.8 (0.6–1.0)

10 (8.9)
0.6 (0.4–1.0)

9 (9.1)
1.9 (1.2–2.9)

Residence
Rural Reference

Urban 97 (30.4%)
1.5 (1.2–2.0)

26 (16.3)
2.1 (1.4–3.1)

3 (6.1)
1.3 (0.5–3.2)

50 (23.7)
0.8 (0.5–1.1)

12 (11.2)
0.7 (0.6–1.4)

7 (6.8)
1.0 (0.6–1.6)

STI/RTI
knowledge

No
Reference

Yes 100 (31.4)
2.5 (1.8–3.3)

20 (12.2)
1.0 (0.6–1.6)

3 (5.3)
1.4 (0.4–4.4)

51 (24.0)
0.9 (0.6–1.3)

10 (9.4)
0.7 (0.4–1.2)

8 (8.0)
1.2 (0.7–2.1)
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Table 1. Cont.

Variable

+ N.
gonorrhoeae

PCR
N = 1243

+ C.
trachomatis

PCR
N = 1241

+ M.
Genitalium

PCR
N = 1134

* Bacterial
Vaginosis

Nugent Score
N = 883

* Vaginal
Candidiasis

N = 1032

** N.
gonorrhoeae

Culture
N = 1243

n (%)
AOR (95% CI)

n (%)
AOR (95% CI)

n (%)
AOR (95% CI)

n (%)
AOR (95% CI)

n (%)
AOR (95% CI)

n (%)
AOR (95% CI)

Had STIs 12
months ago

No
Reference

Yes 76 (23.9)
1.0 (0.7–1.4)

19 (12.0)
1.4 (0.9–2.1)

3 (5.2)
1.3 (0.5–3.4)

52 (24.3)
0.9 (0.6–1.1)

13 (12.1)
1.1 (0.7–1.7)

7 (6.7)
0.8 (0.5–1.3)

Treated
STI/RTI before

No
Reference

Yes 85 (26.7)
1.5 (1.1–2.1)

30 (18.9)
1.2 (0.7–2.1)

4 (7.9)
2.0 (0.8–5.4)

55 (26.0)
1.0 (0.6–1.6)

11 (10.0)
0.6 (0.3–1.1)

6 (6.5)
1.3 (0.5–1.3)

Presented GDS
only
No

Reference

Yes 82 (25.8)
1.2 (0.7–2.1)

22 (13.9)
2.9 (1.1–8.7)

3 (5.2)
1.3 (0.4–4.4)

53 (25.1)
1.2 (0.6–1.6)

12 (11.1)
0.7 (0.3–1.5)

6 (6.5)
1.3 (0.5–3.0)

Presented GDD
only
No

Reference

Yes 57 (17.9)
0.5 (0.3–0.9)

16 (9.8)
0.6 (0.2–1.1)

3 (4.8)
0.9 (0.4–2.1)

47 (22.3)
0.8 (0.5–1.3)

7 (6.7)
0.5 (0.2–1.0)

7 (6.6)
0.8 (0.3–1.6)

GDS + GUD
No Reference

Yes 58 (18.2)
0.9 (0.3–0.9)

18 (11.1)
0.7 (0.4–1.4)

1 (1.8)
0.3 (0.1–1.3)

60 (28.3)
1.2 (0.7–1.8)

8 (7.1)
0.5 (0.2–1.1)

7 (7.1)
1.1 (0.5–2.2)

PMN <5/HPF Reference

PMN >5/HPF 89 (28.0)
1.2 (0.9–1.6)

26 (16.2)
1.1 (1.1–2.1)

3 (6.3)
1.5 (0.8–2.5)

49 (23.2)
0.8 (0.6–1.0)

16 (15.2)
1.8 (1.2–2.7)

10 (10.4)
2.6 (1.7–4.2)

Region
Mbeya (HCs)

42 (13.3)
1.8 (0.6–5.3)

14 (8.9)
0.3 (0.1–2.0)

2 (3.1)
1.0 (0.6–1.8)

35 (16.3)
1.0 (0.7–2.1)

8 (7.3)
1.0 (0.6–2.5)

7 (7.0)
1.0 (0.4–1.7)

Dar es Salaam
(IDC)

129 (40.5)
4.4 (2.7–5.3)

20 (12.3)
1.8 (0.9–3.5)

3 (4.6)
1.2 (0.4–3.9)

25 (11.8)
1.0 (0.5–1.0)

10 (9.0)
0.8 (0.7–1.0)

13 (12.9)
4.4 (2.7–7.5)

Dodoma
RRH

163 (51.1)
4.7 (2.9–6.3)

37 (23.2)
3.1 (1.6–5.8)

3 (5.6)
1.8 (0.6–5.4)

50 (23.4)
1.6 (0.3–3.4)

16 (15.0)
1.6 (0.3–3.1)

1 (1.4)
1.2 (0.5–4.1)

Mwanza
RRH

41 (12.9)
1.4 (0.7–2.0)

21 (12.9)
1.5 (0.8–2.8)

4 (7.5)
2.6 (1.0–7.3)

51 (24.1)
0.3 (0.1–0.7)

16 (15.0)
0.3 (0.1–0.8)

7 (6.7)
1.4 (0.3–2.7)

Tanga (HC) 52 (16.4)
1.2 (0.6–2.1)

13 (7.9)
1.0 (0.4–2.0)

2 (4.6)
1.5 (0.5–4.4)

53 (25.1)
0.8 (0.3–2.0)

7 (6.6)
0.3 (0.1–2.1)

7 (6.8)
1.5 (0.5–3.2)

Kilimanjaro
HC)

60 (18.8)
1.5 (0.7–3.2)

7 (4.3)
0.4 (0.2–1.5)

1 (1.4)
0.4 (0.1–3.9)

67 (31.6)
0.9 (0.5–2.4)

7 (6.7)
0.9 (0.5–2.2)

4 (4.3)
1.5 (0.7–3.2)

+ = Number of participants varies according to the test performed: NG = N. gonorrhoeae (N = 1243), CT = C.
trachomatis (N = 1241), MG = M. genitalium (N = 1134). * = RTIs = BV = Bacterial vaginosis (N = 883), VC = Vaginal
candidiasis (Candida species) (N = 1032), (RTIs = Detection of BV and VC was only performed in women). ** = N.
gonorrhoeae (Culture) = Gold standard.

The genital syndromes were compared with the laboratory results to determine the
performance characteristics for the detection of STI/RTIs using the syndromic management
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strategy. A low specificity (6.9%) and poor predictive values (PPV) 25.8% were obtained
when GDS was compared with the laboratory results for the detection of N. gonorrhoeae
infection (Table 2). GDS was poorly predictive and unspecific of a laboratory diagnosis for
N. gonorrhoeae especially in women (p = 0.49). In the microscopy, we reported a low PPV
of 28.0%, N. gonorrhoeae; 16.2%, C. trachomatis; and 6.3%, M. genitalium in relation to the
detection of urethritis and/or cervicitis among men and women in this population.

Table 2. Performance Characteristics of Syndromes as Compared with Laboratory Results for Detec-
tion STI/RTIs.

Test (A) N. gonorrhoeae (PCR) (B) N. gonorrhoeae (Culture) **

Syndrome Sensitivity
(%)

Specificity
(%)

PPV
(%)

NPV
(%)

Sensitivity
(%)

Specificity
(%)

PPV
(%)

NPV
(%)

1. GDS Only (94.3) (6.9) (25.8) (78.1) (90.3) (6.2) (6.5) (90)
2. GUD Only (9.1) (85.6) (17.9) (73.3) (10.8) (86.8) (5.6) (93.1)

3. GDS + GUD (7.3) (88.9) (18.2) (73.6) (10.8) (89.9) (7.1) (93.4)
4. Microscopy (44.1) (61.1) (28.0) (76.1) (61.2) (62.6) (10.4) (95.8)

(C) C. trachomatis (PCR) (D) M. genitalium (PCR)

1. GDS Only (97.6) (7.3) (13.9) (95.1) (94.8) (6.9) (5.2) (96.1)
2. GUD Only (9.7) (86.4) (9.8) (86.1) (12.1) (87.1) (4.8) (94.8)

3. GDS + GUD (8.5) (89.6) (11.1) (86.4) (3.4) (89.9) (1.8) (94.5)
4. Microscopy (49.1) (61.1) (16.2) (88.7) (48.3) (61.2) (6.3) (95.6)

(E) Bacterial Vaginosis * (Nugent Score) (F) Vaginal Candidiasis * (Gram stain)

1. GDS Only (94.9) (6.3) (25.1) (79) (92.3) (5.8) (11.1) (85.4)
2. GUD Only (11.7) (86.6) (22.4) (74.8) (7.7) (86.3) (6.7) (87.9)

3. GDS + GUD (12.4) (89.5) (28.3) (75.6) (6.8) (88.5) (7.1) (88.1)
4. Microscopy (37.4) (59.2) (23.2) (74.1) (53.8) (61.8) (15.2) (91.3)

* RTIs = detection was performed only in women, ** = N. gonorrhoeae (culture) = gold standard.

4. Discussion

This was a cross-sectional health facility-based study which was conducted in referral
hospitals and health centres among patients who presented with genital symptoms to
STI/OPD clinics in six regions of Tanzania. The overall prevalence (total infection load)
of the STI/RTIs was very high and these infections were common and prevalent across
the study sites. These findings suggested an indication that this high prevalence and the
common infections found in this population could also be similar or quite high in some
community settings in Tanzania.

Confirming our report, the high prevalence rates of STI/RTIs were also documented
by many previous studies conducted among different populations in sub-Saharan Africa,
including Tanzania and in India [5,6,11,12,18,21–23]. However, the reasons for the increase
in these infections are unclear. The present study has elucidated some possible explanations
for the increase in these infections. First, the lack of effective screening, surveillance and
intervention programs for early detection, regular monitoring and control of STI/RTIs
among different populations could have resulted in high proportions of infections for
individuals who may have been exposed to and/or had symptoms/signs at either an
earlier stage or later. Due to the natural history of untreated or inadequately treated
infection, especially for gonorrhoea and/or chlamydia, a symptomatic illness can then
be followed by a protracted spell of asymptomatic infection, especially in women, and
thus these individuals remain as an infective pool in the general population. Hence, they
become an important source of transmission of new infections to their counterparts (low to
high risk communities) until they develop signs and symptoms which require them to seek
medical attention in referral and or primary health care settings.

Unlike in developing countries, there is a great emphasis on the importance of
sustained public health programmes to identify and treat infections, reduce morbidity
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and mortality and prevent onward transmission. Many reports from both population-
and clinic-based estimates indicate that low rates of <3% for classic STIs such as gon-
orrhoea and chlamydia are frequently reported [1,2,9,13], except for core groups, such
as MSM and other people who work in prostitution facilities such as brothels, bars and
nightclubs [16]. However, in developing countries, especially in sub-Saharan Africa, the
prevalence of these infections is consistently reported as high among low- and high-risk
populations [5–7,11,14,21,22,24] because of the limited resources to conduct regular, effec-
tive screening and surveillance programs.

Previous studies still reported high rates of genital infections among different pop-
ulations [5,6,11]. In a previous study that was conducted to determine STI/RTIs among
HIV-infected pregnant women in Moshi, Tanzania, the prevalence of BV was 37.2% [5].
A previous study conducted among women attending STI clinics in Mwanza, Tanzania,
showed a prevalence of 8.4, 14, 25.9 and 25.6% for N. gonorrhoeae, C. trachomatis infections,
BV and VC, respectively [6]. Previously published studies of antenatal clinic attendees in
Africa also documented that the prevalence of gonorrhoea and chlamydia ranged from 2 to
7% and 3 to 29%, respectively, while BV accounted for up to 40% [11]. Data from Tanzania
and elsewhere in Africa indicated that a large proportion of patients with STIs either failed
to seek treatment or received inadequate treatment, often with inappropriate antimicrobial
drugs mostly obtained through commercial outlets [21].

Second, the high rates of infections in the referral hospitals and primary health care
settings provided another important reason that symptomatic patients may have higher
rates of these infections than the general population. Recruiting symptomatic subjects may
have influenced the prevalence of these infections, especially for STIs. This is important
because individuals who are recruited in referral hospitals and primary health care facilities
living in and around large cities may have been exposed to higher transmission dynamics
and thus increase onward transmission among groups. However, this could be one of
the limitations that these results may not reflect similar rates in a general population.
Nonetheless, our findings remain striking and raise concern that a high prevalence of these
infections is common and prevalent among patients attending STI/OPD clinics in Tanzania.

There is clear evidence that high rates of infections are always demonstrated in most
studies where there are no ongoing or regular effective intervention programs, in both
population- and clinic-based studies, particularly in resource-limited countries [6,14]. In
comparison, other recent studies reported high rates of infections among African popu-
lations, especially in large cities in sub-Saharan Africa [5,16,19,24–26]. A prevalence of
10–25% was reported among different populations in large cities of Mwanza (Tanzania),
KwaZulu Natal (South Africa), Harare (Zimbabwe) and Kampala (Uganda) [12,24,27,28].

The increase is also attributed to a complex set of socio-economic dynamics (barriers),
including biomedical intervention that requires a broad scope of sensitive and advanced
diagnostic tests to reliably and accurately detect specific aetiological pathogens among
highly dynamic populations. One study recommended that expanding the regular testing
of STIs is another important mechanism for risk reduction strategies for STIs [18] and
exploiting the latent demand for STI testing should be integrated into other health care
services, such as HIV care services in Tanzania.

However, on the contrary, few studies have also reported low rates or a decline in
the prevalence and incidence following screening and intervention programs conducted
in reproductive health clinics in Tanzania [11,12,23,25]. Better designed and effective
interventions provide better environments for the uptake of health care services by the
clients. The present study was conducted in symptomatic patients only accessing routine
services at STI/OPD in referral and health centres without intervention programs. The
failure to implement effective intervention and control programs as one of the reduction
strategies for high infections among many populations may have contributed to the increase
in these infections [11].

Furthermore, the present study observed low specificity and poor predictive values
obtained when genital syndromes were compared with laboratory results for the detection
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of these infections. This implies that more false positive cases were given treatment of
which they do not need, hence overtreatment, and this impacts a little in reducing the
burden of these infections not only in this population but also in other populations. While
a high proportion (>90%) of patients were diagnosed by the syndromic approach (GDS),
their total infection load as determined by an aetiological diagnosis was low, (26.1%) and
(18.3%) for STIs and both mixed STI/RTIs, respectively. This could mean that these infec-
tions are being over-diagnosed by the investigating physician and even that physiological
discharge was misinterpreted as pathological. Although, the sensitivity of the syndromic
approach for GDS in this study was high, but a low specificity was observed as reported
previously [12,28].

Multiple infections were also demonstrated in this study. Multiple infections are
a reflection of high and common infections across the communities, including low-risk
communities. This can be compounded by the inappropriate use of antimicrobial drugs
taken without prescriptions by individuals who become symptomatic. Evidence shows
that 66.7–100% of women with N. gonorrhoeae and 31.2-100% with C. trachomatis are asymp-
tomatic [29]. Hence, a large pool of individuals, especially women, live with asymptomatic
infections, and these individuals serve as a source of transmissions of new infections to
their counterparts [18]. If this is the case, then improved clinical services that ensure that
patients, especially men, receive effective treatment soon after the onset of symptoms may
have a major public health impact.

In a multivariate analysis model, we have found that N. gonorrhoeae was significantly
associated with many risk factors which were found to be associated with gonococcal
infections. However, the reason was unclear as perhaps the N. gonorrhoeae strain possesses
genetic adaptive mechanisms that enabled it to be highly diverse and consistently associated
with many infections in humans.

This study has reported a low rate of 4.7% for the emerging M. genitalium and this was
also found to be the highest in the Mwanza region. M. genitalium is an emerging agent of
non-gonococcal non-chlamydial urethritis (NGNCU) in men and cervicitis in women, and
it is reported to be associated with PID, infertility and preterm birth [7]. It is recommended
to detect and treat M. genitalium in symptomatic attendees in health care settings and the
recommendation was also extended to low-risk general populations [7–9].

Finally, other infections that involve RTIs were reported to be moderate to high. In
most cases, BV is the most prevalent cause of vaginal discharge in developing countries.
Up to 50% of women were found to have BV in sub-Saharan Africa [5,6,11,14]. However,
in the present study, the prevalence of BV was found to be far decreased. The reason for
the decrease is unclear; perhaps metronidazole was introduced into syndromic manage-
ment [20]. In addition, VC was >10%; this infection is usually treated with less attention
because it is not characterised with acute and severe onset. VC is usually between 20 and
40%, except in studies in which definitions are based on a clinical diagnosis [4]. It is usually
caused by C. albicans but can occasionally be caused by other Candida spp. Approximately
10–20% of women will have complicated VC requiring special diagnostic and therapeutic
considerations [4]. The study has a limitation. In the logistic regression analysis, an inter-
mediate category of the Nugent Score was excluded in the analysis for BV and this might
have underestimated the prevalence of BV.

5. Conclusions

We concluded that, in this study, we have reported a high prevalence of STI/RTIs, and
these infections were common and prevalent across the study sites. These findings suggest
an indication that the high prevalence and common infections found in this population can
also be similar or quite high in other community settings in Tanzania. N. gonorrhoeae was
heterogeneously diverse and highly associated with multiple risk factors than other classic
STI/RTIs as determined in this study. This warrants further investigation on the genetic
adaptive mechanisms that promote its survival and persistency in humans.
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It is important to target both low- and high-risk groups because they continue to be the
source for seeding new infections in general populations [23]. We recommend that more and
large studies should be conducted in different populations with a broad spectrum of tests
for greater coverage to different aetiological agents of STI/RTIs in different populations,
especially in low-risk community settings. There is an urgent need to allocate more
resources for the control and intervention against the increase in STI/RTIs among different
populations, as these infections continue to impact on reproductive health, pregnancy
and maternal and perinatal outcomes. Targeted interventions including screening and
surveillance programs greatly contribute to the control and monitoring of STIs. Hence, our
findings have provided important information for planning and evidence-based decision
making in Tanzania.

Author Contributions: S.N.B. and S.A. conceptualised the study design and drafted the manuscript.
S.A., S.N.B., O.G.O., M.G.C., G.P.K., S.E.M., A.M.M., M.M.T., C.K. and J.M.C. reviewed the manuscript.
S.A. and O.G.O. critically reviewed and revised the manuscript. All authors have read and agreed to
the published version of the manuscript.

Funding: This study was financially supported by the Ministry of Health, Community Development,
Gender, Elderly and Children, Dar es Salaam, Tanzania (Ref. MOHCDGEC/HQ/R.8e/Vol.1/215).
The funders played no role in the study design, data collection and analysis, decision to publish or
preparation of the manuscript.

Institutional Review Board Statement: This study was granted ethics approvals by the National
Institute for Medical Research Ethics Committee (Ref. No. NIMR/HQ/R.8c/Vol.1/191) and MUHAS
Research and Publications Committee (Ref. No. 2016-06-07/AEC/Vol. XI/28).

Informed Consent Statement: Participation in the study was voluntary and participants were
enrolled into the study after obtaining written informed consent. Assent and consent were obtained
from a parent or guardian for a patient whose age was under 16 years old. All information collected
from any study participant and laboratory results were kept confidential. Participants who were
found to be infected with STIs received treatment according to the existing national treatment
guidelines. The written informed consent for the publication of clinical data was obtained from the
patient and the assent consent was obtained from the parent or guardian/relative of the patient
whose age was under 16 years. A copy of the consent form is available for review by the editor of this
journal if requested and will be treated as confidential.

Data Availability Statement: We collected demographic and clinical information from all partici-
pants; these raw data were generated and analysed in the Data Management Unit (DMU) at the
NIMR Mwanza Centre. The datasets of this study are available and deposited in the local public
domain of the NIMR data server. The generated datasets will be made available to the editor on
request from the corresponding author or the director of the NIMR Mwanza Centre.

Acknowledgments: We express sincere thanks to the following staff: the lab staff at NIMR-Tanga
for their great contribution in the supervision and coordination of this study; Zainab Chaula Acting-
RMO, clinicians and lab staff at Dodoma Referral Hospital; Antony Nsojo, Mbeya region; Kaduma
at IDC; and laboratory staff at NIMR HQ Reference lab (Microbiology)—Dar es Salaam for their
great contributions in the supervision, collection, processing and laboratory testing of urogenital
samples. We also thank and acknowledge the Regional Medical Officer (RMO) in Mwanza, Medical
Officers In-Charge at Sekou Toure Hospital and Igoma Health Center. Special thanks to Jim Todd
for his invaluable contributions in the consultation and review of the manuscript, the clinicians and
nurses working at Sekou Toure Hospital and Igoma Health Center for the data and sample collection,
the lab staff at NIMR Mwanza for their assistance in testing and last, but definitely not least, to
Majigo V. Mtebe, Head, Department of Microbiology and Immunology at MUHAS, for advice on the
development of this manuscript.

Conflicts of Interest: The authors declare no conflict of interest.



Trop. Med. Infect. Dis. 2023, 8, 62 12 of 13

References
1. Newman, L.; Rowley, J.; Hoorn, S.V.; Wijesooriya, N.S.; Unemo, M.; Low, N.; Stevens, G.; Gottlieb, S.; Kiarie, J.; Temmerman, M.

Global estimates of the prevalence and incidence of four curable sexually transmitted infections in 2012 based on systemic review
and global reporting. PLoS ONE 2015, 10, e0143304. [CrossRef] [PubMed]

2. Jones, K.G.; Johnson, A.M.; Wellings, K.; Sonnenberg, P.; Field, N.; Tanton, C.; Erens, B.; Clifton, S.; Datta, J.; Mitchell, K.R.; et al.
The prevalence of, and factors associated with, paying for sex among men resident in Britain: Findings from the third National
Survey of Sexual Attitudes and Lifestyles (Natsal-3). Sex. Transm. Infect. 2015, 91, 116–123. [CrossRef] [PubMed]

3. Centers for Disease Control and Prevention. Sexually Transmitted Disease Surveillance 2019. Available online: https://www.cdc.
gov/std/statistics/2019/std-surveillance-2019.pdf (accessed on 19 October 2022).

4. Workowski, K.A.; Bolan, G.A.; Centers for Disease Control and Prevention. Sexually transmitted diseases treatment guidelines,
2015. MMWR. Recomm. Rep. 2015, 64, 1–137. [PubMed]

5. Msuya, S.E.; Uriyo, J.; Hussain, A.; Mbizvo, E.; Jeansson, S.; Sam, N.E.; Stray-Pedersen, B. Prevalence of sexually transmitted
infections among pregnant women with known HIV status in northern Tanzania. Reprod. Health 2009, 6, 4. [CrossRef] [PubMed]

6. Buhalata, S.N.; Temu, M.M.; Changalucha, J.M.; Kwesigabo, G.; Aboud, S.; Sembuche, S. Genital tract infections in women
attending sexually transmitted infection clinics in Mwanza, north-west Tanzania. S. Afr. J. Epidemiol. Infect. 2013, 28, 48–54.
[CrossRef]

7. Baumann, L.; Cina, M.; Egli-gany, D.; Goutaki, M.; Halbeisen, F.S.; Lohrer, G.; Ali, H.; Scott, P.; Low, N. Prevalence of Mycoplasma
genitalium in different population groups: Systematic review and meta-analysis. BMJ Open 2018, 94, 255–262. [CrossRef] [PubMed]

8. McGowin, C.L.; Anderson-Smits, C. Mycoplasma genitalium: An emerging cause of sexually transmitted disease in women. PLoS
Pathog. 2011, 7, e1001324. [CrossRef]

9. Svenstrup, H.F.; Dave, S.S.; Carder, C.; Grant, P.; Morris-Jones, S.; Kidd, M.; Stephenson, J.M. A cross-sectional study of Mycoplasma
genitalium infection and correlates in women undergoing population-based screening or clinic-based testing for Chlamydia
infection in London. BMJ Open 2014, 4, e003947. [CrossRef]

10. Contini, C.; Rotondo, J.C.; Magagnoli, F.; Maritati, M.; Seraceni, S.; Graziano, A.; Poggi, A.; Capucci, R.; Vesce, F.; Tognon, M.;
et al. Investigation on silent bacterial infections in specimens from pregnant women affected by spontaneous miscarriage. J. Cell
Physiol. 2018, 234, 100–107. [CrossRef]

11. Mullick, S.; Watson-Jones, D.; Beksinska, M.; Mabey, D. Sexually transmitted infections in pregnancy: Prevalence, impact on
pregnancy outcomes, and approach to treatment in developing countries. Sex. Transm. Infect. 2005, 81, 294–302. [CrossRef]

12. Francis, S.C.; Ao, T.T.; Vanobberghen, F.M.; Chilongani, J.; Hashim, R.; Andreasen, A.; Watson-Jones, D.; Changalucha, J.; Kapiga,
S.; Hayes, R.J. Epidemiology of curable sexually transmitted infections among women at increased risk for HIV in northwestern
Tanzania: Inadequacy of syndromic management. PLoS ONE 2014, 9, e101221. [CrossRef] [PubMed]

13. Prabha, M.L.; Sasikala, G.; Bala, S. Comparison of syndromic diagnosis of reproductive tract infections with laboratory diagnosis
among rural married women in Medak district, Andhra Pradesh. Indian J. Sex. Transm. Dis. AIDS 2012, 33, 112–115. [CrossRef]
[PubMed]

14. Baisley, K.; Changalucha, J.; Weiss, H.; Mugeye, K.; Everett, D.; Hambleton, I.; Hay, P.; Ross, D.; Tanton, C.; Chirwa, T.; et al.
Bacterial vaginosis in female facility workers in north-western Tanzania: Prevalence and risk factors. Sex. Transm. Infect. 2009, 85,
370–375. [CrossRef] [PubMed]

15. Lewis, D.; Newton, D.C.; Guy, R.J.; Ali, H.; Chen, M.Y.; Fairley, C.K.; Hocking, J.S. The prevalence of Chlamydia trachomatis
infection in Australia: A systematic review and meta-analysis. BMC Infect. Dis. 2012, 12, 113. [CrossRef] [PubMed]

16. Hokororo, A.; Kihunrwa, A.; Hoekstra, P.; Killuvya, S.E.; Changalucha, J.M.; Fitzgerald, D.W.; Downs, J.A. High prevalence of
sexually-transmitted infections in pregnant adolescent girls in Tanzania: A multi-community cross-sectional study. Sex Transm.
Infect. 2015, 91, 473–478. [CrossRef] [PubMed]

17. Pond, M.J.; Nori, A.V.; Witney, A.A.; Lopeman, R.C.; Butcher, P.D.; Sadiq, S.T. High prevalence of antibiotic-resistant Mycoplasma
genitalium in nongonococcal urethritis: The need for routine testing and the inadequacy of current treatment options. Clin. Infect.
Dis. 2014, 58, 631–637. [CrossRef]

18. Packel, L.; Keller, A.; Dow, W.H.; De Walque, D.; Nathan, R.; Mtenga, S. Evolving strategies, opportunistic implementation: HIV
risk reduction in tanzania in the context of an incentive-based HIV prevention intervention. PLoS ONE 2012, 7, e44058. [CrossRef]

19. Kakaire, O.; Byamugisha, J.K.; Tumwesigye, N.M.; Gamzell-Danielsson, K. Prevalence and factors associated with sexually
transmitted infections among HIV positive women opting for intrauterine contraception. PLoS ONE 2015, 10, e0122400. [CrossRef]

20. Ministry of Health and Social Welfare. National guidelines for management of sexually transmitted and reproductive infections.
First Edition. March 2007. Available online: https://www.jica.go.jp/project/tanzania/001/materials/pdf/sti_01.pdf (accessed
on 19 October 2022).

21. Amsel, R.; Totten, P.A.; Spiegel, C.A.; Chen, K.C.; Eschenbach, D.; Holmes, K.K. Nonspecific vaginitis: Diagnostic criteria and
microbial and epidemiologic associations. Am. J. Med. 1983, 74, 14–22. [CrossRef]

22. Nugent, R.P.; Krohn, M.A.; Hillier, S.L. Reliability of diagnosing bacterial vaginosis is improved by a standardized method of
gram stain interpretation. J. Clin. Microbiol. 1991, 29, 297–301. [CrossRef]

23. Grosskurth, H.; Mayaud, P.; Mosha, F.; Todd, J.; Senkoro, K.; Newell, J.; Gabone, R.; Changalucha, J.; West, B.; Hayes, R.; et al.
Asymptomatic gonorrhoea and chlamydial infection in rural. BMJ 1996, 312, 277–280. [CrossRef]

http://doi.org/10.1371/journal.pone.0143304
http://www.ncbi.nlm.nih.gov/pubmed/26646541
http://doi.org/10.1136/sextrans-2014-051683
http://www.ncbi.nlm.nih.gov/pubmed/25404706
https://www.cdc.gov/std/statistics/2019/std-surveillance-2019.pdf
https://www.cdc.gov/std/statistics/2019/std-surveillance-2019.pdf
http://www.ncbi.nlm.nih.gov/pubmed/26042815
http://doi.org/10.1186/1742-4755-6-4
http://www.ncbi.nlm.nih.gov/pubmed/19243592
http://doi.org/10.1080/10158782.2013.11441519
http://doi.org/10.1136/sextrans-2017-053384
http://www.ncbi.nlm.nih.gov/pubmed/29440466
http://doi.org/10.1371/journal.ppat.1001324
http://doi.org/10.1136/bmjopen-2013-003947
http://doi.org/10.1002/jcp.26952
http://doi.org/10.1136/sti.2002.004077
http://doi.org/10.1371/journal.pone.0101221
http://www.ncbi.nlm.nih.gov/pubmed/25025338
http://doi.org/10.4103/0253-7184.102121
http://www.ncbi.nlm.nih.gov/pubmed/23188936
http://doi.org/10.1136/sti.2008.035543
http://www.ncbi.nlm.nih.gov/pubmed/19473997
http://doi.org/10.1186/1471-2334-12-113
http://www.ncbi.nlm.nih.gov/pubmed/22583480
http://doi.org/10.1136/sextrans-2014-051952
http://www.ncbi.nlm.nih.gov/pubmed/25834122
http://doi.org/10.1093/cid/cit752
http://doi.org/10.1371/journal.pone.0044058
http://doi.org/10.1371/journal.pone.0122400
https://www.jica.go.jp/project/tanzania/001/materials/pdf/sti_01.pdf
http://doi.org/10.1016/0002-9343(83)91112-9
http://doi.org/10.1128/jcm.29.2.297-301.1991
http://doi.org/10.1136/bmj.312.7026.277


Trop. Med. Infect. Dis. 2023, 8, 62 13 of 13

24. Naidoo, S.; Wand, H.; Abbai, N.S.; Ramjee, G. High prevalence and incidence of sexually transmitted infections among women
living in Kwazulu-Natal, South Africa. AIDS Res. Ther. 2014, 11, 31. [CrossRef] [PubMed]

25. Lowndes, C.M.; Alary, M.; Meda, H.; Gnintoungbe, C.A.B.; Mukenge-Tshibaka, L.; Adjovi, C.; Buve, A.; Morison, L.; Laourou, M.;
Kanhonou, L.; et al. Role of core and bridging groups in the transmission dynamics of HIV and STIs in Cotonou, Benin, West
Africa. Sex. Transm. Infect. 2002, 78, i69–i77. [CrossRef] [PubMed]

26. Riedner, G.; Hoffmann, O.; Rusizoka, M.; Mmbando, D.; Maboko, L.; Grosskurth, H.; Todd, J.; Hayes, R.; Hoelscher, M. Decline in
sexually transmitted infection prevalence and HIV incidence in female bar workers attending prevention and care services in
Mbeya Region, Tanzania. Aids 2006, 20, 609–615. [CrossRef]

27. Takuva, S.; Mugurungi, O.; Mutsvangwa, J.; Machiha, A.; Mupambo, A.C.; Maseko, V.; Cham, F.; Mungofa, S.; Mason, P.; Lewis,
D. Etiology and antimicrobial susceptibility of pathogens responsible for urethral discharge among men in Harare, Zimbabwe.
Sex. Transm. Dis. 2014, 41, 713–717. [CrossRef]

28. Vandepitte, J.; Muller, E.; Bukenya, J.; Nakubulwa, S.; Kyakuwa, N.; Buvé, A.; Weiss, H.; Hayes, R.; Grosskurth, H. Prevalence and
correlates of Mycoplasma genitalium infection among female sex workers in Kampala, Uganda. J. Infect. Dis. 2012, 205, 289–296.
[CrossRef] [PubMed]

29. Detels, R.; Green, A.M.; Klausner, J.D.; Katzenstein, D.; Gaydos, C.; Handsfield, H.H.; Pequegnat, W.; Mayer, K.; Hartwell, T.D.;
Quinn, T.C. The incidence and correlates of symptomatic and asymptomatic Chamydia trachomatis and Neisseria gonorrhoeae
infections in selected populations in five countries. Sex Transm. Dis. 2011, 38, 503–509. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1186/1742-6405-11-31
http://www.ncbi.nlm.nih.gov/pubmed/25243015
http://doi.org/10.1136/sti.78.suppl_1.i69
http://www.ncbi.nlm.nih.gov/pubmed/12083450
http://doi.org/10.1097/01.aids.0000210616.90954.47
http://doi.org/10.1097/OLQ.0000000000000204
http://doi.org/10.1093/infdis/jir733
http://www.ncbi.nlm.nih.gov/pubmed/22102734
http://doi.org/10.1097/OLQ.0b013e318206c288

	Introduction 
	Materials and Methods 
	Study Design and Population 
	Data Collection and Laboratory Methods 
	DNA Extraction and Testing 
	Real-Time PCR Assays 
	Data Analysis 

	Results 
	Socio-Demographic Characteristics 
	Prevalence of and Factors Associated with STI/RTIs 

	Discussion 
	Conclusions 
	References

