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Curable sexually transmitted infections among
women with HIV in sub-Saharan Africa

Jana Jarolimovaa,b,c, Laura R. Platta,b,c, Megan R. Curtisb,c,

Lisa L. Philpottsd, Linda-Gail Bekkere, Chelsea Morronif,g,h,i,

Maryam Shahmaneshj,k, Aamirah Mussah, Khallela Barracksl,

Andrea L. Ciaranelloa,b,c, Robert A. Parkerc,m,n, Ingrid V. Bassetta,b,c,n

and Caitlin M. Dugdalea,b,c

Objectives: Sexually transmitted infections (STIs) cause significant morbidity among
women with HIV and increase HIV transmission. We estimated the prevalence of four
STIs among women with HIV in sub-Saharan Africa (SSA) and compared prevalence
among women with and without HIV.

Design: Systematic review and meta-analysis.

Methods: We searched for studies published 1 January 1999 to 19 December 2019
reporting prevalence of gonorrhea, chlamydia, trichomoniasis, or Mycoplasma genita-
lium among women with HIV in SSA. We excluded studies conducted in high-risk groups
(e.g. female sex workers). We extracted data on laboratory-confirmed STIs among women
with HIV, and when included, among women without HIV. We estimated pooled
prevalence for each STI among women with HIV using inverse variance heterogeneity
meta-analysis, compared prevalence to women without HIV, and examined the influ-
ences of region, clinical setting, and pregnancy status in subgroup analyses.

Results: We identified 3756 unique records; 67 studies were included in the meta-analysis.
Prevalence of gonorrhea, chlamydia, trichomoniasis, and M. genitalium was 3.5, 4, 15.6, and
10.2%, respectively. Chlamydia prevalence was lower in Eastern (2.8%) than in Southern
(12.5%) and West/Central (19.1%) Africa combined. Prevalence of chlamydia and trichomonia-
sis was higher among pregnant (8.1%, 17.6%) than nonpregnant (1.7%,12.3%)women. All STIs
were more prevalent among women with than without HIV (relative risks ranging 1.54–1.89).

Conclusion: STIs are common among women with HIV in SSA, and more common among
women with than without HIV. Integrated STI and HIV care could substantially impact STI
burden among women with HIV, with potential downstream impacts on HIV transmission.
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Introduction

Management of common, curable sexually transmitted
infections (STIs) is an important component of multi-
modal approaches to prevent HIV. STIs that cause genital
tract inflammation increase HIV transmission and
acquisition [1,2]. For women with HIV (WWH),
particularly those who have not achieved virologic
suppression, STIs increase risks of both HIV transmission
to sexual partners and perinatal HIV transmission to
children [3–7]. Recognizing the potential impact of STI
management on HIV incidence, the WHO recommends
STI screening as an essential component of comprehen-
sive care for people with HIV [8] and has identified
greater integration of HIV and sexual and reproductive
health (SRH) services as a strategy to improve clinical
outcomes [9].

Improved STI management for prevention of HIV
transmission and acquisition could be particularly
impactful in sub-Saharan Africa (SSA), which shoulders
40% of the global burden of STIs, with approximately 60
million new infections with gonorrhea, chlamydia, and
trichomoniasis annually [9]. Women in SSA, as else-
where, disproportionately bear STI-related morbidity
[10], as untreated infections can lead to pelvic
inflammatory disease, ectopic pregnancy, infertility, and
adverse pregnancy outcomes [11,12]. Women with HIV,
therefore, are a priority population for improved STI
management in SSA.

Among women with urethral or vaginal discharge, the
2021 WHO STI Guidelines recommend pathogen-
specific testing for chlamydia, gonorrhea, and trichomo-
niasis, as well as Mycoplasma genitalium if symptoms recur
or persist [13]. Despite the individual and public health
consequences of these STIs if untreated, routine
molecular-based testing has not been widely implemen-
ted for WWH in SSA [14–17], due in part to a lack of
accessible, accurate, and affordable diagnostic tests for
curable STIs other than syphilis [16,18]. Instead, the
standard of care in most of SSA remains syndromic
management (i.e. empiric symptom-based treatment),
which fails to address the approximately 70% of curable
STIs that are asymptomatic in women, while exposing a
majority of treated women to inappropriate antibiotics,
potentially increasing the risk of antibiotic resistance and
adverse drug effects [19–24].

Recent advances in rapid molecular-based diagnostic tests
have the potential to increase access to screening for
several curable STIs, including gonorrhea, chlamydia,
trichomoniasis, and M. genitalium [25], enabling
improved management of these nonulcerating STIs
among women with HIV. Understanding the epidemiol-
ogy of STI and HIV co-infection is critical to inform the
implementation of STI screening programs within
integrated HIV and SRH services for WWH but

estimates of STI prevalence among WWH in SSA are
lacking [26]. Therefore, we sought to estimate the
prevalence of laboratory-confirmed gonorrhea, chla-
mydia, trichomoniasis, and M. genitalium among WWH
in SSA using existing data from the literature.

Methods

Search strategy and selection criteria
Database searches were performed by a medical librarian
(L.L.P.) in PubMed, Embase, African Index Medicus via
Global Index Medicus, and Web of Science. Keywords
relevant to the three concepts of sub-Saharan Africa, HIV/
AIDS, and STIs were combined (Table S1, http://
links.lww.com/QAD/C432). We searched databases for
journal articles and conference abstracts published between
1 January 1999 and 19 December 2019. We manually
searched bibliographies of related systematic reviews for
additional eligible references. Search results were uploaded
to Covidence Systematic Review Software (Melbourne,
Australia) for deduplication and screening.

Two reviewers among J.J., L.R.P., M.R.C., K.B., and
C.M.D. independently screened each abstract. Two
reviewers among J.J., L.R.P., M.R.C., and C.M.D. then
independently reviewed each eligible full text reference
for inclusion using prespecified criteria. Conflicts were
adjudicated by consensus among the review team.

Observational studies and clinical trials were included if
they reported the results of cross-sectional testing for
prevalent infection with at least one of the STIs of interest
(i.e. gonorrhea, chlamydia, trichomoniasis, or M. genita-
lium) among women with HIV in SSA aged at least
13 years. We included studies reporting STI prevalence
among adolescent WWH as this age group constitutes a
notable proportion of WWH in sub-Saharan Africa [27].
Women with clinically confirmed or self-reported HIV
were included, irrespective of HIV treatment status. On
the basis of the changes in STI epidemiologyand diagnostic
modalities, data collected prior to 1999 were not thought
to be representative of current STI prevalence and were
excluded. Studies were included only if STI testing was
performed by: nucleic acid amplification testing (NAAT)/
PCR or bacterial culture for gonorrhea; NAAT/PCR or
antigen enzyme immune assay (EIA) for chlamydia;
NAAT/PCR, culture, antigen testing, or microscopy
for trichomoniasis; or NAAT/PCR for M. genitalium.
Facility-based and population-based studies were included.
Other reasons for study exclusion included: reporting STI
incidence only; enrolling only participants with unknown
or negative HIV status; reporting on fewer than 10
participants with HIV; or presenting STI data not
disaggregated by sex or HIV status. To obtain prevalence
estimates representative of the general population of
women with HIV, we excluded studies enrolling only
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participants from populations known to be at higher risk
for STIs (i.e. self-identifying as a female sex worker, person
who injects drugs, prisoner, or victim of sexual assault).
When multiple references reported data from overlapping
clinical cohorts, we included only the one with the more
comprehensive sample.

Data extraction and quality assessment
Two reviewers among J.J., L.P., M.C., and C.M.D.
independently extracted data from each study using a
prespecified template. We recorded data on geographic
and clinical setting of participant recruitment, years of
data collection, cohort characteristics, STI test modality,
number of WWH tested for each STI, and number of
positive results for each STI. As the clinical setting of
participant recruitment was hypothesized to contribute to
between-study heterogeneity, we recorded clinical setting
for each study in mutually exclusive categories: general
care (i.e. general HIV care, primary care), antenatal care,
STI clinic, community-based recruitment, or other.
Whenever able, we stratified the numbers of women
tested and number of positive results by the presence or
absence of symptoms and pregnancy status. For studies
also enrolling women without HIV from the same target
population, we recorded their cohort characteristics,
number of women without HIV tested, and number of
women with positive results for each STI.

We assessed study quality using a risk of bias tool for
prevalence studies adapted from Hoy et al. [28] (Table S2,
http://links.lww.com/QAD/C432). Key measures of study
quality included representativeness of the study population,
method of participant selection, and thoroughness of
outcome reporting. Summary risk of bias scores ranged 0–
10 for each study; scores of 0–3, 4–6, and 7–10 were
considered low, medium, and high risk, respectively.

Statistical analysis
To determine STI prevalence, we pooled proportions and
calculated 95% confidence intervals (CIs) using an inverse
variance heterogeneity model [29,30] with double arcsine
transformation. In secondary analyses, we compared the
prevalence of each STI among women with HIV to
women without HIV, including only studies that tested a
cohort of HIV-negative women recruited from the same
population for the same STI using the same diagnostic
test. We calculated study-specific relative risks and 95%
CIs for each STI among women with versus without HIV,
and again used an inverse variance heterogeneity model to
calculate overall relative risk.

In both the pooled proportion and comparative analyses,
we evaluated heterogeneity across studies using the I2

statistic, with a value above 50% indicating significant
heterogeneity. We performed prespecified subgroup
analyses to assess differences in STI prevalence by SSA
region, clinical setting, pregnancy status, diagnostic test,
year of study start, presence of STI symptoms, and study

quality. Finally, we performed meta-regression using
inverse variance heterogeneity weighting to assess for
sources of between-study heterogeneity. For each STI,
when differences were observed in univariate analyses
(overall P< 0.05), we conducted reductive comparisons
between categories to isolate contributors to the
differences observed, and adjusted P values using a
Bonferroni correction. For clinical setting, we performed
a prespecified pairwise comparison between STI clinics
and general care settings. Meta-regression was performed
in Stata (version 16.1); all other analyses were performed
using MetaXL v5.3. This study is registered with
PROSPERO, CRD42020167328.

Role of the funding source
The funders of the study had no role in study design, data
collection, data analysis, data interpretation, or writing of
the report. The corresponding author had full access to all
data in the study and had final responsibility for the
decision to submit for publication.

Results

Our search identified 6886 total records, of which 67
studies were eligible and were included in the meta-
analysis (Fig. 1). Sixty-six studies provided nonoverlap-
ping data for pooled prevalence analyses among WWH.
Forty-two of the included studies tested a comparable
cohort of women without HIV for the same STIs,
contributing data to the comparative analysis. The
included studies encompass 15 different countries and
include 18 255 WWH tested for gonorrhea, 17 486 tested
for chlamydia, 21 364 tested for trichomoniasis, and 3685
tested for M. genitalium (Table 1, Table S3, http://
links.lww.com/QAD/C432).

Of the 67 studies included in the meta-analysis, 31 (46%)
were conducted in Eastern Africa, 22 (33%) in Southern
Africa, 12 (18%) in West/Central Africa, and two (3%) in
multiple SSA regions (Fig. S1, http://links.lww.com/
QAD/C432, Table 1) [31]. The most common clinical
setting overall and for each individual STI was general care
(sites of routine HIV or primary care; 27 studies, 40%),
followed by antenatal care settings (17 studies, 25%), STI
clinics (6 studies, 9%), and community-based settings (6
studies, 9%). In most included studies, STI testing was
performed as part of a research study or pilot program in
contexts in which syndromic management, rather than
pathogen-specific testing, was local standard of care.
NAAT/PCR was the most common testing modality for
all four STIs. In addition to the six studies conducted in STI
clinics and thus enrolling symptomatic women, seven other
studies provided data on the presence or absence of STI
symptoms. Only one study enrolled both pregnant and
nonpregnant women and reported STI prevalence for the
two groups separately whereas 18 studies enrolled pregnant
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women exclusively – 17 in antenatal care and one in a labor
and delivery ward.

In quality assessment, 26 studies were assessed as having
low, 41 as having medium, and zero studies as having high
risk of bias (Table S3, http://links.lww.com/QAD/
C432). Common sources of bias included poor
representativeness of the study target population and
sampling frame, as well as convenience methods of
participant recruitment, nonparticipation, and incom-
plete outcome reporting.

Meta-analysis of the included studies demonstrated an
overall pooled prevalence of 3.5% for gonorrhea (95%
CI 1.3–6.1), 4% for chlamydia (0.9–7.8), 15.6% for
trichomoniasis (11.4–20.0), and 10.2% for M. genita-
lium (6.5–14.2) across SSA (Fig. 2a–d). The prevalence
estimates had significant heterogeneity, with an I2

greater than 80% for all four STIs. The high
heterogeneity between studies was partially explained
by observed differences in prespecified subgroup
analyses (Table 2; Table S4, http://links.lww.com/
QAD/C432).
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Fig. 1. PRISMA diagram. The pooled prevalence analysis includes only women with HIV. The comparative analysis includes
women with and without HIV. CT, Chlamydia trachomatis; MG, Mycoplasma genitalium; NG, Neisseria gonorrhoeae; STI,
sexually transmitted infection; TV, Trichomonas vaginalis.
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In meta-regression analyses, chlamydia prevalence in
Southern Africa and West/Central Africa was similar
(12.5 vs. 19.1%, P¼ 0.5409) but the prevalence was lower
in Eastern Africa (2.8%) than in the other two regions
combined (P¼ 0.015). The prevalence of other STIs was
similar across regions (Fig. 2a–d, Table 2). Prevalence was
higher in STI clinics than in general care settings for
gonorrhea (15 vs. 3.4%), chlamydia (14.5 vs. 3.0%), and
trichomoniasis (29.8 vs. 13.5%, all P values<0.0002). M.
genitalium prevalence did not differ significantly by clinical
setting. Prevalence was higher among pregnant than
nonpregnant women for chlamydia (8.1 vs. 1.7%,
P¼ 0.049) and trichomoniasis (17.6 vs. 12.3%,
P¼ 0.0012); gonorrhea and M. genitalium prevalence
did not differ by pregnancy status. For trichomoniasis,
prevalence was higher when diagnosed by culture
methods (25%) than by NAAT/PCR, microscopy, or
other methods combined (P¼ 0.028); prevalence did not
differ by test type for the other STIs (Table 2). There was
no significant difference in the prevalence of all four STIs
over time (Fig. S2, http://links.lww.com/QAD/C432),
or when the analysis compared studies with low risk of

bias to studies with medium or high risk of bias (Table S4,
http://links.lww.com/QAD/C432).

In comparative analyses, women with HIV had a higher
prevalence of gonorrhea, chlamydia, trichomoniasis, and M.
genitalium than women without HIV. The relative riskof STI
between women with and without HIV was 1.89 (95% CI
1.48–2.41) for gonorrhea, 1.83 (1.13–2.95) for chlamydia,
1.54 (1.35–1.75), for trichomoniasis, and 1.71 (1.05–2.78)
for M. genitalium (Table 3). Heterogeneity remained
generally high with I2 values between 44 and 84%.
Meta-regression analyses revealed that relative risks for
gonorrhea and chlamydia among WWH compared with
women without HIV were similar in Eastern Africa and
Southern Africa (P¼ 0.30 and P¼ 0.97, respectively), but
the relative risk was higher for both STIs in West/Central
Africa than in Eastern and Southern Africa combined
(P� 0.001, Table S5, http://links.lww.com/QAD/C432).
Relative risks of STI among women with and without HIV
did not differ by region for trichomoniasis or M. genitalium.
Relative risks for gonorrhea among WWH compared with
women without HIV were similar in STI clinics, ANC,

STIs among women with HIV Jarolimova et al. 701

Table 1. Summary characteristics of included studies.

STI Gonorrhea Chlamydia Trichomoniasis Mycoplasma genitalium Total

Included in pooled prevalence analysis 44 45 51 13 66
Included in comparative analysis 24 25 31 9 42
Region

Eastern Africa 24 25 23 2 31
Southern Africa 14 14 17 8 22
West/Central Africa 5 5 9 3 12
Multiple regions 1 1 2 0 2

Clinical settinga

General care 16 19 22 6 27
STI clinic 4 5 5 3 6
Antenatal care 12 9 14 1 17
Community-based 5 6 4 1 6
Otherb 7 7 6 2 9

Pregnancy
Pregnant 14 11 15 2 19
Nonpregnant 8 9 10 4 13

Symptoms
Symptomatic 4 5 7 6 11
Asymptomatic 2 2 2 2 3

Study start yearc

Before 2010 24 25 29 5 37
2010 or later 15 15 16 6 22

Risk of bias category
Low 17 18 19 6 26
Medium 27 27 32 7 41
High 0 0 0 0 0

Test typea

NAAT/PCR 33 36 22 13 46
Culture 10 7 16
EIA 9 9
Microscopy 19 19
Otherd 2 3 5

EIA, enzyme immunoassay; NAAT/PCR, nucleic acid amplification testing/PCR; STI, sexually transmitted infection.
aTotals may be higher than total number of studies as different enrollment sites within one study were conducted in different clinical settings and/or
used a different testing modality for the same STI.
b‘Other’ includes studies recruiting in multiple settings, family planning clinics, infertility clinics, labor and delivery ward, or unspecified settings.
cStudies that did not report dates of data collection are not included.
dIncludes ligase chain reaction for gonorrhea; OSOM antigen test, rapid immunochromatographic assay, and cytology for trichomoniasis; and
multiple test types.
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community, and other settings (P¼ 0.0516) but higher in
general care settings than in the other four settings combined
(P¼ 0.001). For trichomoniasis, the relative risk was higher
in antenatal care than in the other four settings combined

(P< 0.001). Relative risk of trichomoniasis among women
with HIV increased over time compared with women
without HIV (P¼ 0.03, Table S5, http://links.lww.com/
QAD/C432).
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(a)

Fig. 2. (a–d) Forest plots of pooled prevalence estimate for each STI, by region and overall. (a) Gonorrhea. (b) Chlamydia. (C)
Trichomoniasis. (D) Mycoplasma genitalium. n, number of cases; N, number of women with HIV tested; CI, confidence interval.
Sub-saharan African regions were defined using the 2019 United Nations Statistical Division geographic region compositions [31].
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Discussion

In this systematic review and meta-analysis, we found a
substantial burden of STIs among women with HIV in SSA
with an estimated prevalence of 3.5% for gonorrhea, 4% for

chlamydia, 15.6% for trichomoniasis, and 10.2% for M.
genitalium. We additionally found that the prevalence of
gonorrhea, chlamydia, trichomoniasis, and M. genitalium was
consistently higher among women with HIV than women
without HIV. These findings highlight the need to include

STIs among women with HIV Jarolimova et al. 703

(b)

Fig. 2. Continued



WWH as a priority group for epidemiologic surveillance and
to integrate STI testing with HIV care for women
disproportionately affected by these syndemic infections [13].

Compared with WHO 2016 African Region estimates of
STI prevalence in the general population, we found a

similar prevalence of chlamydia among WWH (4 vs. 5%)
but a higher prevalence of gonorrhea (3.5 vs. 1.9%) and
trichomoniasis (15.6 vs. 11.7%) [32]. These differences
are consistent with our finding of moderately higher STI
prevalence among WWH than women without HIV.
Our prevalence estimates for gonorrhea and chlamydia
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are similar to those in a meta-analysis of STI prevalence
among women aged 15–24 years enrolled in HIV
prevention trials in SSA [33], and suggests a significant
burden of treatable infections among WWH in
this region.

Subgroup analyses did not fully explain the between-
study heterogeneity noted in our results, and prevalence
estimates did not differ by study risk of bias. However, we
did identify several patterns of STI prevalence among
different settings and populations. Chlamydia was
significantly less common in Eastern than in Southern
and West/Central Africa, mirroring the results of a recent
meta-analysis of STI prevalence among women at risk for
HIV in SSA [33]. Contributors to this regional difference
in STI prevalence are not clear based on the data we
collected. Data on sexual risk behavior were scarce in the
included studies, though previous studies have postulated
that regional differences in rates of marriage or

cohabitation may play a role [33,34]. Despite its
substantial geographic size and population, we found
that data on STI prevalence from West/Central Africa
were scant, highlighting the need for further epidemio-
logic studies to better define STI prevalence in
this region.

STI prevalence estimates further differed by clinical
setting. Gonorrhea, chlamydia, and trichomoniasis were
all more prevalent among women tested at STI clinics
than women tested in general care. Although not
unexpected, this finding highlights the importance of
screening for STI symptoms as part of routine HIV care
for WWH, who are already engaged with the healthcare
system and used to providing laboratory samples for
monitoring. Similarly, diagnostic testing for WWH
presenting with STI symptoms could have substantial
impacts on clinical management. The current approach to
STI treatment in most of SSA consists of syndromic
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Table 2. Summary results of subgroup analyses, by sexually transmitted infection.

Number of
studies

Number of women
with STI/number tested

Pooled prevalence, %
(95% CI) I2 (%)a

P value,
meta-regression

Gonorrhea
Region 0.0504

Eastern Africa 24 372/8987 3.18 (0.82–6.08) 95
Southern Africa 14 297/3824 7.34 (4.53–10.42) 87
West/Central Africa 5 29/572 4.10 (0–10.38) 88

Clinical setting <0.001
General care 16 196/4865 3.43 (1.41–5.79) 91
STI clinic 4 106/681 15.01 (4.62–27.20) 90
Antenatal care 12 175/4672 3.26 (0.39–7.00) 91
Community-based 5 161/1562 8.86 (0.83–19.33) 97
Otherb 7 147/6475 2.08 (0–5.98) 91

Pregnancy 0.17
Pregnant 14 211/5159 3.58 (0.78–7.09) 91
Not pregnant 8 129/5918 2.10 (0–5.13) 77

Test type 0.82
NAAT/PCR 33 639/14 598 3.57 (0.99–6.71) 95
Culture 10 141/3530 3.18 (0–10.52) 94
Other 2 6/127 4.95 (0–17.41%) 59

Chlamydia
Region 0.0015

Eastern Africa 25 291/8876 2.76 (1.14–4.66) 90
Southern Africa 14 480/3439 12.54 (6.11–19.76) 96
West/Central Africa 5 95/437 19.11 (0–44.73) 95

Clinical setting <0.001
General care 19 192/5085 2.95 (0.93–5.38) 92
STI clinic 5 101/706 14.51 (11.96–17.15) 0
Antenatal care 9 336/3671 6.79 (0–24.50) 98
Community-based 6 126/1607 7.64 (4.19–11.48) 81
Otherb 7 181/6416 2.12 (0–10.45) 97

Pregnancy 0.049
Pregnant 11 436/4150 8.07 (0–23.71) 98
Not pregnant 9 110/5915 1.74 (0–5.04) 82

Test type 0.51
NAAT/PCR 36 716/14 356 3.65 (0.47–7.78) 96
EIA (antigen) 9 220/3129 5.59 (0–21.99) 97

Trichomoniasis
Region 0.62

Eastern Africa 23 1268/8355 14.51 (9.34–20.09) 94
Southern Africa 17 1116/5621 18.97 (12.77–25.58) 95
West/Central Africa 9 200/1338 14.07 (7.29–21.60) 90
Multiple 2 881/6050 14.43 (5.69–24.43) 98

Clinical setting <0.001
General care 22 1036/7237 13.46 (8.93–18.32) 95
STI clinic 5 210/704 29.82 (22.56–37.33) 62
Antenatal care 14 915/5136 17.45 (11.25–24.12) 90
Community-based 4 291/975 29.70 (18.92–41.06) 86
Otherb 6 758/6134 12.32 (7.86–17.16) 76

Pregnancy 0.0012
Pregnant 15 937/5214 17.60 (11.43–24.23) 90
Not pregnant 10 839/6683 12.31 (4.01–22.06) 92

Test type 0.001
NAAT/PCR 22 1412/8043 16.77 (11.77–22.08) 95
Culture 7 567/2235 24.96 (17.71–32.58) 93
Microscopy 19 705/4571 14.83 (7.24–23.32) 90
Other 3 781/6516 11.95 (8.28–15.87) 88

Mycoplasma genitaliumc

Region 0.48
Eastern Africa 2 14/113 12.97 (7.10–19.48) 0
Southern Africa 8 286/2809 9.95 (5.98–14.32) 85
West/Central Africa 3 85/763 10.47 (0–28.34) 94

Clinical setting 0.49
General care 6 292/2721 10.37 (5.30–16.07) 92
STI clinic 3 37/294 12.73 (7.73–18.20) 43

Pregnancy n/ad

Pregnant 2 19/113 16.94 (10.12–24.94) 9
Not pregnant 4 61/373 15.96 (5.83–27.80) 78

Only subgroups with two or more studies were included. CI, confidence interval; EIA, enzyme immunoassay; NAAT/PCR, nucleic acid
amplification testing/PCR; STI, sexually transmitted infection. Bold text denotes statistically significant P-values.
aI2 greater than 50% reflects significant between-study heterogeneity.
b‘Other’ includes studies recruiting in multiple settings, family planning clinics, infertility clinics, labor and delivery ward, or unspecified settings.
cSubgroup analysis on test type was not performed as all studies used NAAT/PCR to test for Mycobacterium genitalium.
dMeta-regression not performed because of small number of studies per subgroup.



management, which lacks sensitivity and specificity [19]
and may contribute to rising antibiotic resistance to
gonorrhea worldwide [35]. With prevalence estimates for
the four STIs ranging from 12 to 28% among
symptomatic women, diagnostic testing could yield
actionable results among a substantial proportion and
allow pathogen-specific management rather than a broad,
empiric approach. Although prevalence was higher in
STI clinics than in general care settings for most of the
STIs studied, the substantial prevalence of all four STIs
among women recruited at general care sites also
underscores the need for increased access to STI
screening among asymptomatic women and within
routine HIV care settings.

STI screening of asymptomatic WWH may be particu-
larly high-yield in antenatal care settings. Chlamydia and
trichomoniasis were more common among pregnant than
nonpregnant women, and prevalence of all four STIs was
high among women tested in antenatal care, ranging from
3.3% for gonorrhea to 17.5% for trichomoniasis. This
finding is of particular clinical importance, given the
additional risks of untreated STIs in pregnancy, including
adverse birth outcomes (e.g. stillbirth, preterm delivery,
and small for gestational age) [11,12], congenital
infection, and increased risk of vertical transmission of
HIV [4,5]. Empiric symptom-driven treatment also risks
exposing the fetus to antibiotics unnecessarily. Thus, our
study highlights antenatal care as an important opportu-
nity for STI screening and pathogen-targeted treatment.
Pregnancy is a time during which women are often more
likely to seek care and when the consequences of both
under-treatment and over-treatment of STIs are greater.

In this analysis, we found that women with HIV had a
1.54–1.89-fold higher prevalence of STIs than compa-
rable cohorts of women without HIV. There are many
potential contributors to this association. Untreated STIs
are known to increase the risk of HIV acquisition [2,3].
Additionally, HIV and other STIs share multiple
behavioral and socioeconomic risk factors [3,36],
including poverty and gender inequity. It remains unclear
whether biological factors, such as STI-related perturba-
tions of the vaginal microbiome [37,38] could also
contribute to increased HIV acquisition. This finding

supports the WHO recommendation for STI services as
an essential component of HIV care [8,39] and the stance
that women with HIVare among priority populations for
STI management [9]. Our study suggests that the yield of
testing is likely to be higher in this population, and the
beneficial effects of treatment – both to reduce morbidity
and decrease risk of HIV transmission – could be
more pronounced.

Overall, the high prevalence of STIs among WWH in
SSA underscores the potential impact of integration of
HIV care and sexual and reproductive health services as
advised by the WHO [9,40]. A recent meta-analysis
revealed a scarcity of data on clinical outcomes for such
integration in resource-limited settings [41]; however, a
qualitative assessment in Kenya demonstrated interest
among healthcare providers in delivering STI manage-
ment within HIV care [42]. Expansion of STI screening
in general care settings for WWH will need to address
structural and societal barriers beyond the need for
accessible diagnostic tests. STI screening will require
additional clinic space and staff time for specimen
collection and processing and may prolong clinic visits.
The decentralized nature of HIV care means that
laboratory services may not be available at sites of HIV
care; increasing access to novel, rapid, point-of-care STI
tests is crucial to successful HIV and sexual and
reproductive health service integration. STI testing
may also introduce additional stigma, compounding
existing HIV-related stigma, and leading to reluctance to
test or access services. However, given the potential
public health benefits of STI screening for this population
with high STI prevalence, additional investment is
warranted to overcome these barriers and address this
important health problem.

There are several limitations to this systematic review and
meta-analysis. First, we identified substantial gaps in
current understanding of STI epidemiology in SSA, with
a relative dearth of data from West/Central Africa. High-
quality, population-level prevalence studies are needed to
better define the burden of STIs among WWH in a wider
range of SSA regions and contexts. Second, most
references included in our analysis did not specify
whether participants were symptomatic or asymptomatic.
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Table 3. Comparative analyses: relative risk of sexually transmitted infections among women with versus without HIV.

Number of women with STI/number tested (%)

STI Studies (n) HIVþa HIV� Relative risk (95% CI) I2 (%)b

Gonorrhea 24 448/8777 (5.10) 390/19 334 (2.02) 1.89 (1.48–2.41) 44
Chlamydia 25 437/8106 (5.39) 793/16 889 (4.70) 1.83 (1.13–2.95) 84
Trichomoniasis 31 2059/12 205 (16.87) 1666/17 604 (9.46) 1.54 (1.35–1.75) 47
Mycoplasma genitalium 9 230/1625 (14.15) 197/2660 (7.41) 1.71 (1.05–2.78) 57

CI, confidence interval; STI, sexually transmitted infection.
aThese estimates include only prevalence from studies that provided data on a comparable cohort of women without HIV, and therefore, differ from
pooled prevalence values.
bI2 greater than 50% reflects significant between-study heterogeneity.



Thus, studies that recruited from symptomatic popula-
tions without indicating this history may have skewed the
prevalence estimates higher than would be expected from
screening the broader population of WWH. However, in
our subgroup analyses, we found that STI prevalence
remained high among WWH who were reported to be
asymptomatic and who were tested at clinical sites outside
of STI clinics. Similarly, some ‘average risk’ women with
HIV may still engage in transactional sex without
identifying as a female sex worker, and other disparities
contributing to risk of HIVand STIs may be understated
within the limitations of a meta-analysis. Further, most
included studies were conducted in settings where
syndromic management was the local standard of care,
which may differ systematically from settings where
pathogen-specific management is available. Lastly, we
could not account for the influence of patient age on STI
prevalence as few studies disaggregated data by age. It is
worth noting, however, that previous studies of STI
prevalence among women in SSA have found higher
prevalence in younger women [33].

Our results demonstrate the high prevalence of gonor-
rhea, chlamydia, trichomoniasis, and M. genitalium among
women with HIV in SSA, revealing an enormous burden
of STIs in this population. Women with HIV, particularly
those who are symptomatic or pregnant, should be a
priority population for STI testing because of increased
prevalence and increased risk of complications in these
groups. Effective integration of STI and HIV services
could help to reduce morbidity among women with HIV
and decrease HIV transmission.
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