PLOS MEDICINE

Check for
updates

G OPEN ACCESS

Citation: Michalow J, Walters MK, Edun O,
Wybrant M, Davies B, Kufa T, et al. (2024)
Aetiology of vaginal discharge, urethral discharge,
and genital ulcer in sub-Saharan Africa: A
systematic review and meta-regression. PLoS Med
21(5): €1004385. https://doi.org/10.1371/journal.
pmed.1004385

Academic Editor: Matthias Egger, University of
Bern Faculty of Natural Sciences: Universitat Bern
Philosophisch-naturwissenschaftliche Fakultat,
SWITZERLAND

Received: October 29, 2023
Accepted: March 26, 2024
Published: May 20, 2024

Peer Review History: PLOS recognizes the
benefits of transparency in the peer review
process; therefore, we enable the publication of
all of the content of peer review and author
responses alongside final, published articles. The
editorial history of this article is available here:
https://doi.org/10.1371/journal.pmed. 1004385

Copyright: © 2024 Michalow et al. This is an open
access article distributed under the terms of the
Creative Commons Attribution License, which
permits unrestricted use, distribution, and
reproduction in any medium, provided the original
author and source are credited.

RESEARCH ARTICLE

Aetiology of vaginal discharge, urethral
discharge, and genital ulcer in sub-Saharan
Africa: A systematic review and meta-
regression

Julia Michalow®'*, Magdalene K. Walters®'®, Olanrewaju Edun®'®, Max Wybrant®,

Bethan Davies®?2, Tendesayi Kufa®?, Thabitha Mathega®, Sungai T. Chabata®?, Frances
M. Cowan®*°, Anne Cori®', Marie-Claude Boily®', Jeffrey W. Imai-Eaton®'®

1 MRC Centre for Global Infectious Disease Analysis, School of Public Health, Imperial College London,
London, United Kingdom, 2 MRC Centre for Environment and Health, Department of Epidemiology and
Biostatistics, School of Public Health, Imperial College London, London, United Kingdom, 3 Centre for HIV &
STI, National Institute for Communicable Diseases, Johannesburg, South Africa, 4 Centre for Sexual Health
and HIV AIDS Research (CeSHHAR), Harare, Zimbabwe, 5 Department of International Public Health,
Liverpool School of Tropical Medicine, Liverpool, United Kingdom, 6 Center for Communicable Disease
Dynamics, Department of Epidemiology, Harvard T.H. Chan School of Public Health, Boston, Massachusetts,
United States of America

@® These authors contributed equally to this work.
* j.michalow21 @imperial.ac.uk

Abstract

Background

Syndromic management is widely used to treat symptomatic sexually transmitted infections
in settings without aetiologic diagnostics. However, underlying aetiologies and consequent
treatment suitability are uncertain without regular assessment. This systematic review esti-
mated the distribution, trends, and determinants of aetiologies for vaginal discharge, ure-
thral discharge, and genital ulcer in sub-Saharan Africa (SSA).

Methods and findings

We searched Embase, MEDLINE, Global Health, Web of Science, and grey literature from
inception until December 20, 2023, for observational studies reporting aetiologic diagnoses
among symptomatic populations in SSA. We adjusted observations for diagnostic test per-
formance, used generalised linear mixed-effects meta-regressions to generate estimates,
and critically appraised studies using an adapted Joanna Briggs Institute checklist. Of 4,418
identified records, 206 reports were included from 190 studies in 32 countries conducted
between 1969 and 2022. In 2015, estimated primary aetiologies for vaginal discharge were
candidiasis (69.4% [95% confidence interval (Cl): 44.3% to 86.6%], n=50), bacterial vagi-
nosis (50.0% [95% CI: 32.3% to 67.8%], n=39), chlamydia (16.2% [95% CI: 8.6% to
28.5%], n=50), and trichomoniasis (12.9% [95% ClI: 7.7% to 20.7%)], n = 80); for urethral
discharge were gonorrhoea (77.1% [95% Cl: 68.1% to 84.1%], n= 68) and chlamydia
(21.9% [95% CI: 15.4% to 30.3%], n = 48); and for genital ulcer were herpes simplex virus
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type 2 (HSV-2) (48.3% [95% Cl: 32.9% to 64.1%], n=47) and syphilis (9.3% [95% CI: 6.4%
to 13.4%], n=117). Temporal variation was substantial, particularly for genital ulcer where
HSV-2 replaced chancroid as the primary cause. Aetiologic distributions for each symptom
were largely the same across regions and population strata, despite HIV status and age
being significantly associated with several infection diagnoses. Limitations of the review
include the absence of studies in 16 of 48 SSA countries, substantial heterogeneity in study
observations, and impeded assessment of this variability due to incomplete or inconsistent
reporting across studies.

Conclusions

In our study, syndrome aetiologies in SSA aligned with World Health Organization guide-
lines without strong evidence of geographic or demographic variation, supporting broad
guideline applicability. Temporal changes underscore the importance of regular aetiologic
re-assessment for effective syndromic management.

PROSPERO number
CRD42022348045.

Author summary

Why was this study done?

« Symptom-based case management is common for treating sexually transmitted infec-
tions (STIs) in sub-Saharan Africa (SSA).

o Characterising the infectious aetiologies (causes) of each syndrome is crucial to ensure
adequate choice of treatment.

 Recent comprehensive assessments on the aetiologies for vaginal discharge, urethral dis-
charge, and genital ulcer are lacking in SSA.

What did the researchers do and find?

o We conducted a systematic review that included 190 studies in 32 SSA countries span-
ning 1969 and 2022.

» We accounted for the sensitivity and specificity of different diagnostic tests used across
studies and used meta-regression models to estimate the distribution of infections caus-
ing each symptom.

o We determined that the main aetiologies for vaginal discharge were candidiasis (69% of
cases in 2015), bacterial vaginosis (50%), chlamydia (16%), and trichomoniasis (13%);
for urethral discharge were gonorrhoea (77%) and chlamydia (22%); and for genital
ulcer were herpes simplex virus type 2 (HSV-2) (48%) and syphilis (9%).
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« Distributions of infectious aetiologies were similar across regions and population sub-
groups but changed over time.

What do these findings mean?

o The findings support the applicability and continued use of World Health Organization
guidelines for symptomatic STI management across SSA settings.

o National STI programmes should re-assess aetiologies regularly due to changes over
time.

« Limitations of the review include that no data were available in 16 of 48 SSA countries,
there was large variability in results across studies identified in the review, and certain
information of interest was missing or inconsistently reported across studies.

Introduction

In 2020, the World Health Organization (WHO) estimated 374 million new infections world-
wide of the 4 most common curable sexually transmitted infections (STIs): chlamydia, gonor-
rhoea, syphilis, and trichomoniasis [1]. In sub-Saharan Africa (SSA), which has 40% of the
global STT burden [2], access to laboratory or point-of-care aetiologic diagnostics is limited.
Syndromic case management, in which probable causative infection(s) are treated based on
presenting symptoms, was introduced by WHO in 1984 and remains the standard of care [3].
The approach enables rapid treatment but has several limitations. Many STIs remain untreated
partly due to high rates of asymptomatic infection, particularly in women [4]. The diagnostic
accuracy of syndromic management algorithms is suboptimal, despite efforts to incorporate
evolving STT epidemiology [5]. WHO guidance recommends national re-assessment of syn-
drome aetiologies every 2 years to ensure the relevance of syndromic algorithms [6,7], but only
40% of African countries (11/26 in WHO survey) reported including these assessments in STI
surveillance [8]. These factors collectively may lead to unnecessary, incorrect, and missed
treatment for STTs, which is particularly concerning amid rising antimicrobial resistance [5].

In 2021, the WHO released new guidelines for symptomatic STI management, the first
update since 2003 [3]. These updates were informed by global systematic reviews of studies
assessing the diagnostic performance of different syndromic management algorithms.
Although the guidelines accounted for changes over time in the underlying causes of each syn-
drome, they lacked a comprehensive review and quantification of the STI distribution among
symptomatic populations in different geographic areas. This information would support future
modification of syndromic management protocols to align with local epidemiology.

The objective of our study was to characterise the aetiologies for 3 prevalent STT symptoms
in SSA: vaginal discharge, urethral discharge, and genital ulcer. We performed a systematic
review and meta-analysis to estimate the distribution of aetiologies for each symptom, investi-
gate their spatiotemporal changes, and evaluate variation according to population-specific
determinants, namely sex, HIV status, and age.
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Methods
Data sources and search strategy

We systematically searched for studies assessing the aetiology of vaginal discharge, urethral dis-
charge, and genital ulcer in SSA. Embase (Ovid), MEDLINE (Ovid), Global Health (Ovid), and
Web of Science were searched from database inception to 20 December 2023. Search term
domains included relevant terms and synonyms for “symptoms,” “infections,” and “sub-Saharan
Africa” (Table A in S1 Appendix). We performed a comprehensive grey literature search up to
20 December 2023 using the same search term domains. Sources included websites and reports
by the WHO, UNAIDS, and Ministries of Health, and conference abstracts published between
2000 and 2023 from the STI & HIV World Congress, International AIDS Society, and Interna-
tional Conference on AIDS and STIs in Africa. We contacted authors of relevant conference
abstracts to enquire about potential unpublished data. Sub-Saharan Africa and its subregions
were defined according to the UN M49 standard (Table B in S1 Appendix) [9].

Study selection and eligibility criteria

Search results were uploaded and de-duplicated in Covidence systematic review software
(Veritas Health Innovation, Melbourne, Australia). Two reviewers independently screened
titles and abstract records for eligibility, and then assessed full-text reports for inclusion. Any
discrepancies were resolved through consensus or by a third reviewer.

We included reports that contained empirical data on the proportion of women with vagi-
nal discharge (VD) diagnosed with bacterial vaginosis (BV), any Candida species (CS), Can-
dida albicans (CA), Chlamydia trachomatis (CT), Mycoplasma genitalium (MG), Neisseria
gonorrhoeae (NG), Trichomonas vaginalis (TV), or unknown aetiology (negative aetiologic test
results); proportion of men with urethral discharge (UD) diagnosed with CT, MG, NG, TV, or
unknown aetiology; and proportion of men and women with genital ulcer (GU) diagnosed
with Haemophilus ducreyi (HD), herpes simplex virus of unspecified type (HSV) or types 1 or
2 (HSV-1 or HSV-2), lymphogranuloma venereum (LGV) caused by CT serovars L1-L3, Trep-
onema pallidum (TP), or unknown aetiology. Since BV and candidiasis are not considered
STTIs, but are common causes of vaginal discharge, we refer to the broader term reproductive
tract infections (RTIs) in this study.

Studies were included if: (1) there were participants symptomatic at the time of testing,
defined by the presence of either self-reported or clinician-evaluated abnormal vaginal dis-
charge, urethral discharge, or genital ulcer; (2) participants were aged 10 years and older; (3)
the sample size was at least 10; and (4) the diagnostic methodology for each infection was
described and assessed as valid. While our primary interest was studies among sexually active
adult populations, we used a minimum age of 10 years to avoid excluding studies which
enrolled both eligible sexually active adolescent and adult participants; in such studies
(N = 18), the majority of participants were adults. Diagnostic method validity was assessed by
cross-referencing its inclusion in either current or previous published recommendations
[3,10-15]. Exclusion criteria were: (1) qualitative studies, case reports, commentaries, reviews,
mathematical modelling studies, and longitudinal and randomised controlled studies report-
ing outcomes post-baseline only; and (2) studies published in languages other than English,
French, or Portuguese.

Data extraction

Data were independently double extracted from each study (number of studies denoted as N)
with discrepancies resolved through consensus or by a third reviewer. A study observation
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(number of observations across all studies denoted as n) was the proportion of symptomatic
individuals diagnosed with a given RTI or, if not directly reported, the numerator and denomi-
nator to calculate the proportion. In cases of RTI coinfection, we extracted each RTI separately,
potentially causing the total infected proportion to exceed 1 when aggregating all observations
for a given population. We extracted observations stratified by population type (symptomatic
clinic attendees; general populations; higher-risk general populations, such as truck drivers,
mineworkers, soldiers, and bar workers; or key populations, such as sex workers, and men
who have sex with men), country, year or time-period if not stratified by year, sex, HIV status,
and age group as available. We excluded strata subsamples of fewer than 10 participants. Infor-
mation on study characteristics, participant characteristics, and diagnostic methods was also
extracted (Table C in S1 Appendix). We prepared and extracted unpublished data from 2 data-
bases identified during the search (Text A and Table D in S1 Appendix).

If multiple reports included the same outcome(s) for a study, we preferentially retained
observations from the largest sample or, if samples were the same size, observations from the
report with the largest number of RTIs tested. If the sample sizes and number of RTIs were
equal, the most recent report was retained. When available, we used observations tabulated
directly from databases and excluded corresponding published articles to avoid duplication.

If a study reported outcomes for self-reported and clinician-evaluated symptoms in the
same population, we preferentially extracted observations for the latter. If multiple diagnostic
tests were conducted, outcomes based on the most accurate test method for the pathogen and
symptom (Tables E, F, and G in S1 Appendix) were preferentially extracted. When multiple
diagnostic tests were used for syphilis among those with genital ulcer, we preferentially
extracted observations for tests using ulcer swab specimens over serology [3]. When syphilis
serology was used, we prioritised observations from the combination of non-treponemal and
treponemal tests when available. The proportion with “unknown aetiology” was only extracted
from studies with observations for 3 or more RTI pathogens, regardless of the specific patho-
gens tested.

Data analysis

To adjust reported proportions for diagnostic test performance, we classified diagnostic tests
into broad categories and compiled sensitivity and specificity estimates for each test category
from literature, with priority given to characteristics published by the WHO (Text B and
Tables E, F, and G in S1 Appendix) [10,16]. We used a Bayesian approach to estimate the true
proportion of symptomatic individuals with a given RTI [17,18]. Adjusted numerators and
denominators were calculated based on the mean and standard error of the true proportion
and used to pool observations (Text B in S1 Appendix).

The diagnosed proportion for each infection was estimated using observations among
adults of mixed or unmeasured HIV status. We estimated time trends in the diagnosed pro-
portion by region via generalised linear mixed-effects meta-regressions for each symptom
[19]. Models were specified a priori to include fixed effects for RTI, the interaction of RTI and
year (midpoint date of data collection measured as continuous calendar year), and the interac-
tion of RTI and sex (genital ulcer only), random intercepts and slopes per year for the interac-
tion of RTI and region (central and western, eastern, or southern Africa), and observation-
level random intercepts to account for between-study heterogeneity. Pooled regional means
were weighted by sex-matched regional population estimates for adults 15 years and older in
2015 from the UN World Population Prospects 2022 [20].

To assess the effects of HIV status and age, we used observations reported by these stratifi-
cations. We extended the meta-regressions described above to include fixed effects for either
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HIV status (HIV-positive, HIV-negative) or age group (<25 years, >25 years), but did not
include random slopes due to their low standard deviation in the main analysis.

We adapted the Joanna Briggs Institute critical appraisal tool for prevalence studies to assess
study design (objective of the study), selection bias (clarity of inclusion criteria, appropriate-
ness of recruitment method, adequacy of participation, and detail of participant characterisa-
tion), measurement bias (objectivity in symptom definition, consistency of diagnostic
methodology, and avoidance of misclassified results), precision (sufficiency of sample size),
and reporting quality (ambiguity of results) (Table H in S1 Appendix) [21]. Each of the 10 cri-
teria was independently double assessed for each report, with discrepancies resolved through
consensus or by a third reviewer. We assessed the association of these criteria with the RTI
proportions by extending the meta-regressions to include fixed effects for each criterion.

To assess sensitivity to the diagnostic test adjustments, we compared trend estimates
between models using observations as reported and models using observations adjusted for
diagnostic test performance. This comparison was conducted for all diagnostic test types (all
RTIs) and separately for nucleic acid amplification testing (NAAT) (all RTIs, excluding BV,
CA, and CS).

Unless stated otherwise, all analyses use observations adjusted for diagnostic test perfor-
mance. Studies that collected data from countries in multiple regions, but did not report data
stratified by country or region, were classified using the region from which most participants
were recruited. Primary meta-regression pooled results are reported as model predictions for
the year 2015, representing the most recent quinquennium within the timespan of substantial
available data. Results are presented as means with 95% confidence intervals (95% Cls). Model
coefficients are presented as adjusted odds ratios (aORs), with CIs calculated on the log odds
scale before exponentiation. Study observation heterogeneity is assessed per model as the per-
centage of total variance attributed to observation-level random effects [22]. Analyses were
conducted in R version 4.2.3, Bayesian adjustments for diagnostic test performance were
implemented in rstan version 2.26.21 [23], and mixed-effects logistic meta-regression models
were implemented in glmmTMB version 1.1.8 [24].

This systematic review and meta-analysis was pre-registered on PROSPERO (CRD:
42022348045) [25] and reported as per the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guideline (S1 Checklist) [26]. The study protocol was reviewed
and approved by the Imperial College Research Ethics Committee (ICREC #6389606).

Results
Search results and scope

We identified 7,780 records through the database search, of which 3,362 were duplicates and
4,418 were screened (Fig 1). Of these, 745 full-text publications were assessed for eligibility and
199 were included. We further identified 40 records through grey literature sources and cita-
tion searching, of which 5 full-text publications and 2 databases were assessed for eligibility
and included. The 2 included databases were from the National Institute for Communicable
Diseases periodic aetiologic prevalence surveys among symptomatic primary healthcare clinic
attendees in South Africa between 2006 and 2022 [27-29], and the Centre for Sexual Health
and HIV/AIDS Research female sex worker population size estimation study in Zimbabwe in
2017 [30].

Opverall, 206 reports were included from 190 independent studies (number of studies per
symptom (N): Nyp = 87, Nyp = 55, Ngy = 80) spanning 1969 to 2022 (Table 1 and S2 Appen-
dix). Of these, 166 studies focused on a single symptom, 16 studies on 2 symptoms, and 8 stud-
ies on all 3 symptoms. Studies were conducted in 32 of 48 SSA countries included in our
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Identification via databases

Identification via other methods

é Records ident_ified from Records identified from:
S : Eﬁrgg?_slzén - 2835) Duplicate records removed « Conference abstracts Duplicate records
= . (n=1881) > . _ _ _
a5 _ before screening (n = 3362) (n=35) removed (n = 11)
S o Hee.'lth (n = 1566) « Citation search (n = 5)
o « Web of Science (n = 1498)
Records screened N Records excluded Reports sought for N Reports not
(n =4418) (n = 3667) retrieval (n = 29) retrieved (n = 22)
Reports sought for retrieval N Reports not retrieved
(n=1751) (n=6)
. I
'E Reports assessed for L p| Reports excluded (n = 546): Reports assessed for
o | | eligibility (n = 745) + Not in SSA (n = 27) eligibility (n = 7)
3 « Inappropriate study
design (n = 127)
« Symptom non-specific
(n=186)
» Wrong outcome (n = 160)
« Issues with diagnostic
method (n = 14)
« Duplicate data (n = 28)
« Sample size < 10 (n = 4)
I A
Reports included (n = 206):
° Single symptom (n = 184)
§ « Vaginal discharge (n = 72)
T « Urethral discharge (n = 38)
£ « Genital ulcer (n = 74)
Multiple symptoms (n = 22)

Fig 1. Study selection flowchart. Records include titles and abstracts identified for initial screening. Reports include
full-text published articles or databases assessed for inclusion.

https://doi.org/10.1371/journal.pmed.1004385.9001

search, with a median of 5 studies per country. Most studies were in eastern Africa (Nyp = 35/
87, Nup = 32/55, Ngu = 50/80) and few were in central Africa (Nyp = 4/87, Nyp = 2/55, Ngy
=2/80). Studies were predominantly in South Africa (Nyp = 13/87, Nyp = 10/55, Ngy = 18/
80), along with Nigeria (Nyp = 15/87) for vaginal discharge and Kenya (Ngy = 18/80) for geni-
tal ulcer (Fig A in S1 Appendix). Most studies occurred after 2000 (Nyp = 61/87, Nyp = 28/55)
for vaginal discharge and urethral discharge and between 1990 and 1999 (Ngy = 36/80) for
genital ulcer. Studies were predominantly among symptomatic clinic attendees (Nyp = 60/87,
Nyp = 49/55, Ngu = 63/80) and among individuals of mixed HIV status (Nyp = 32/87, Nyp =
19/55, Ngu = 51/80). Few studies reported the prevalence of HIV (Nyp = 22/87, Nyp = 11/55,
Ngu = 44/80) or the mean or median age (Nyp = 26/87, Nyp = 17/55, Ngy = 22/80) of partici-
pants. Studies were mostly cross-sectional (Nyp = 73/87, Nyp = 46/55, Ngy = 63/80). Most
had sample sizes of 100 of more (Nyp = 61/87, Nyp = 39/55, Ngu = 46/80) and tested for
more than one pathogen (Nyp = 57/87, Nyp = 35/55, NGy = 57/80). The most frequently
assessed aetiologies were TV (Nyp = 60/87) and NG (Nyp = 42/87) for vaginal discharge; NG
(Nyp =50/55), CT (Nyp = 31/55), and TV (Nyp = 28/55) for urethral discharge; and TP (Ngy
=68/80) and HD (Ngy = 58/80) for genital ulcer. Study characteristics varied by sub-analysis
(Tables I, J, and K in S1 Appendix).

Regional trends in the aetiology of RTI symptoms

In 2015, CS and BV, rather than STIs, were the primary aetiologies for vaginal discharge (Fig
2A and Table 2A). The proportion of VD cases with CS was 69.4% (95% CI: 44.3% to 86.6%;
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Table 1. Summary of participant and study characteristics for included studies.

Vaginal discharge Urethral discharge Genital ulcer All symptoms
(Nyp = 87) (Nyp =55) (Ngu = 80) (N=190)
Population characteristics
Population groupl Symptomatic clinic attendee 60 (69%) 49 (89.1%) 63 (78.8%) 145 (76.3%)
General 25 (28.7%) 2 (3.6%) 6 (7.5%) 32 (16.8%)
Higher-risk general 2(2.3%) 3 (5.5%) 7 (8.8%) 10 (5.3%)
Key populations 6(6.9%) 1(1.8%) 8 (10%) 14 (7.4%)
Youth 16 (18.4%) 6 (10.9%) 6 (7.5%) 21 (11.1%)
Sex Male - 55 (100.0%) 20 (25.0%) 56 (29.5%)
Female 87 (100.0%) - 21 (26.3%) 86 (45.3%)
Mixed - - 39 (48.8%) 48 (25.3%)
Mean or median age <25 years 8 (9.2%) 2 (3.6%) 1(1.3%) 8 (4.2%)
>25 years 18 (20.7%) 15 (27.3%) 21 (26.3%) 49 (25.8%)
NR 61 (70.1%) 38 (69.1%) 58 (72.5%) 133 (70%)
HIV status Positive 1(1.1%) 1(1.8%) 3(3.8%) 5(2.6%)
Negative 4 (4.6%) 1(1.8%) 1(1.3%) 5(2.6%)
Mixed 32 (36.8%) 19 (34.5%) 51 (63.8%) 81 (42.6%)
NR 50 (57.5%) 34 (61.8%) 25(31.3%) 99 (52.1%)
HIV prevalence < 25% 12 (13.8%) 4(7.3%) 5(6.3%) 19 (10%)
> 25% 10 (11.5%) 7 (12.7%) 39 (48.8%) 46 (24.2%)
NR 65 (74.7%) 44 (80.0%) 36 (45.0%) 125 (65.8%)
Study characteristics
Region"? Central Africa 4 (4.6%) 2 (3.6%) 2 (2.5%) 7 (3.7%)
Eastern Africa 35 (40.2%) 32 (58.2%) 50 (62.5%) 93 (48.9%)
Southern Africa 14 (16.1%) 11 (20%) 23 (28.8%) 45 (23.7%)
Western Africa 33 (37.9%) 9 (16.4%) 8 (10%) 47 (24.7%)
Multiple (not stratified) 1(1.1%) 1(1.8%) 1(1.3%) 2 (1.1%)
Study midpoint year'? <1990 8 (9.2%) 10 (18.2%) 18 (22.5%) 33 (17.4%)
1990-1999 21 (24.1%) 18 (32.7%) 36 (45.0%) 63 (33.2%)
2000-2009 28 (32.2%) 15 (27.3%) 19 (23.8%) 52 (27.4%)
2010-2023 33 (37.9%) 13 (23.6%) 11 (13.8%) 48 (25.3%)
Study design Cross sectional 73 (83.9%) 46 (83.6%) 63 (78.8%) 157 (82.6%)
Cohort baseline 11 (12.6%) 8 (14.5%) 12 (15%) 25 (13.2%)
RCT baseline 3 (3.4%) 1(1.8%) 5(6.3%) 8 (4.2%)
Sampling method Non-probability based 72 (82.8%) 51 (92.7%) 73 (91.3%) 169 (88.9%)
Probability based 9 (10.3%) 3 (5.5%) 6 (7.5%) 13 (6.8%)
NR 6(6.9%) 1(1.8%) 1(1.3%) 8 (4.2%)
Sample size* <100 26 (29.9%) 16 (29.1%) 34 (42.5%) 68 (35.8%)
>100 61 (70.1%) 39 (70.9%) 46 (57.5%) 122 (64.2%)
(Continued)
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Table 1. (Continued)

Pathogen detected'

Number pathogens extracted per study

N = number of studies.

Vaginal discharge Urethral discharge Genital ulcer All symptoms

(Nyp = 87) (Nyp =55) (Ngu = 80) (N=190)
BV 28 (32.2%) - - 28 (14.7%)
CA 9 (10.3%) - - 9 (4.7%)
cs 34 (39.1%) - i 34 (17.9%)
CT 35 (40.2%) 31 (56.4%) - 56 (29.5%)
HD ; ; 58 (72.5%) 58 (30.5%)
HSV ; ; 31 (38.8%) 31 (16.3%)
HSV-1 } ; 15 (18.8%) 15 (7.9%)
HSV-2 - - 23 (28.8%) 23 (12.1%)
LGV ; ; 11 (13.8%) 11 (5.8%)
MG 7 (8.0%) 8 (14.5%) - 13 (6.8%)
NG 42 (48.3%) 50 (90.9%) - 78 (41.1%)
TP - - 68 (85.0%) 68 (35.8%)
vV 60 (69.0%) 28 (50.9%) - 77 (40.5%)
None’ 15 (17.2%) 12 (21.8%) 39 (48.8%) 59 (31.1%)
1 30 (34.5%) 20 (36.4%) 23 (28.8%) 57 (30.0%)
2-3 29 (33.3%) 27 (49.1%) 40 (50.0%) 85 (44.7%)
4-6 28 (32.2%) 8 (14.5%) 17 (21.3%) 48 (25.3%)

"The same study is included in more than 1 subcategory when it reports across different variable levels or multiple variable levels are relevant.

“Regions classified according to UN M49 Standard. Central Africa: Angola, Cameroon, Central African Republic, Chad, Congo, Democratic Republic of Congo,

Equatorial Guinea, Gabon, Sdo Tomé and Principe. Eastern Africa: Burundi, Comoros, Djibouti, Eritrea, Ethiopia, Kenya, Madagascar, Malawi, Mauritius,

Mozambique, Rwanda, Seychelles, Somalia, South Sudan, Uganda, United Republic of Tanzania, Zambia, Zimbabwe. Southern Africa: Botswana, Eswatini, Lesotho,

Namibia, South Africa. Western Africa: Benin, Burkina Faso, Cabo Verde, Cote d’Ivoire, Gambia, Ghana, Guinea-Bissau, Guinea, Liberia, Mali, Mauritania, Niger,

Nigeria, Senegal, Sierra Leone, Togo.

*Mid-point year between start and end dates of data collection. If dates were not reported, year of publication was used as proxy.

“Sample size defined as the number of symptomatic individuals tested in the study. If a study used different samples across tests, the largest sample size is reported.

*Unknown aetiology reported for studies with 3 or more pathogens extracted.

BV: Bacterial vaginosis, CA: Candida albicans, CS: Candida species (any), CT: Chlamydia trachomatis, HD: Haemophilus ducreyi, HSV: Herpes simplex virus

(unspecified), HSV-1: Herpes simplex virus type 1, HSV-2: Herpes simplex virus type 2, LGV: lymphogranuloma venereum, MG: Mycoplasma genitalium, NG: Neisseria

gonorrhoeae, TP: Treponema pallidum, TV: Trichomonas vaginalis. None: unknown aetiology. NR: Not reported.

https://doi.org/10.1371/journal.pmed.1004385.t001

number of observations per symptom (n): nyp = 50), with BV was 50.0% (95% CI: 32.3% to
67.8%, nyp = 39), and with CA was 31.5% (95% CI: 12.4% to 59.9%, nyp = 9). CT (16.2% [95%
CI: 8.6% to 28.5%], nyp = 50) and TV (12.9% [95% CI: 7.7% to 20.7%], nyp = 80) were the
most prominent STIs, while a relatively low proportion of cases were due to NG (6.6% [95%
CI: 3.3% to 12.7%], nyp = 63) and MG (5.4% [95% CI: 1.8% to 14.8%], nyp = 20). A high pro-
portion (25.1% [95% CI: 10.7% to 48.4%], nyp = 28) of cases did not have an identified aetiol-
ogy, despite apparent high levels of coinfection. Diagnosed proportions increased over time
for CS (aOR per year: 1.10 [95% CI: 1.05 to 1.15]), decreased for TV (aOR: 0.94 [95% CI: 0.91
to 0.97]), and were relatively constant for other RTIs (Table L in S1 Appendix). There were
limited data to assess temporal trends for MG, for which most studies were conducted after
2005.

For urethral discharge, NG has remained the primary aetiology from the 1970s to present
(Fig 2B and Table 2B). In 2015, NG was diagnosed in 77.1% (95% CI: 68.1% to 84.1%, nyp =
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Fig 2. Estimated diagnosed proportion per pathogen over time among symptomatic adults of mixed or unmeasured HIV status in sub-
Saharan Africa. Diagnosed proportion per pathogen among adults symptomatic with (A) vaginal discharge, (B) urethral discharge, and (C)

genital ulcer. Proportions estimated using generalised linear mixed-effects model for each symptom with fixed effects for RTT and the

interaction of RTT with year and sex (genital ulcer only), random intercepts and slopes per year for the interaction of RTI and region, and
observation-level random intercepts. Lines and shaded areas represent sex-matched population-weighted mean proportions and 95% Cls.
Solid lines and darker shading denote estimates and confidence intervals within the observed data range (interpolated), while dotted lines
and lighter shading indicate estimates and confidence intervals beyond that time frame (extrapolated). Blue points and labels represent
population-weighted mean proportions in 2015. Vertical dotted lines are through the year 2015. Grey points represent study observations
adjusted for diagnostic test performance. BV: Bacterial vaginosis, CA: Candida albicans, CS: Candida species (any), CT: Chlamydia
trachomatis, HD: Haemophilus ducreyi, HSV: Herpes simplex virus (unspecified), HSV-1: Herpes simplex virus type 1, HSV-2: Herpes
simplex virus type 2, LGV: lymphogranuloma venereum, MG: Mycoplasma genitalium, NG: Neisseria gonorrhoeae, TP: Treponema pallidum,

TV: Trichomonas vaginalis, None: unknown aetiology.

https://doi.org/10.1371/journal.pmed.1004385.g002
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Table 2. Estimated diagnosed proportion per pathogen in sub-Saharan Africa in 2015.

Pathogen Overall HIV status Age group
HIV positive HIV negative < 25years >25 years
Ns | N, % (95% CI) No % (95% CI) N N, % (95% CI) Ne | N, % (95% CI) Ny N, % (95% CI)

A. Vaginal discharge

Z

CS 31 | 50 | 69.4(44.3-86.6) | 4 17 | 31.4(19.9-45.8) | 4 17 | 47.9 (34.2-61.9) | 5 18 | 51.1(32.1-69.7) | 6 19 | 36.4 (20.9-55.4)
BV 23 | 39 | 50.0(32.3-67.8) | 6 | 20 | 45.5(34.4-56.9) | 8 | 22 | 31.1(22.3-414) | 6 | 21 | 39.5(27.7-52.7) | 7 | 21 | 36.8(25.2-50.0)
CA 9 9 31.5(12.4-59.9) | 0 0 - 0 0 - 2 2 | 51.8(14.6-87.1) | 2 2 33.3(7.7-74.8)
CT 30 | 50 16.2 (8.6-28.5) 5 19 10.2 (6.1-16.5) 8 | 22 10.7 (6.7-16.8) 6 | 20 11.6 (5.5-22.9) 4 18 5.2(2.4-11.1)
TV 55 | 80 12.9 (7.8-20.7) 8 | 22 | 17.1(11.7-244) | 9 | 23 8.8 (5.9-12.9) 11 | 25 6.3 (3.7-10.4) 11 | 25 7.3 (4.4-12.1)
NG 38 | 63 6.6 (3.3-12.7) 6 | 20 13.5 (8.4-20.8) 7 |21 8.8 (5.5-13.9) 7 |21 5.1 (2.5-10.3) 8 | 22 3.2 (1.5-6.5)
MG 5 20 5.4 (1.8-14.8) 3 17 8.2 (4.6-14.3) 5 19 3.7 (2.1-6.6) 1 15 6.7 (1.9-21.3) 2 16 3.5 (1.0-11.7)
None 13 | 28 | 25.1(10.7-484) | 3 | 17 | 13.8(7.4-245) | 5 | 19 | 18.2(10.2-30.2) | 4 | 18 | 20.6(9.0-40.3) | 4 | 18 | 27.8 (13.0-49.9)
B. Urethral discharge

NG 47 | 68 | 77.1(68.1-84.1) | 5 | 19 | 83.7(79.3-87.3) | 4 | 19 | 82.9(78.5-86.5) | 5 | 19 | 83.9(79.7-87.4) | 3 | 17 | 79.0 (74.5-82.8)
CT 27 | 48 | 21.9(15.4-30.3) | 5 | 19 | 17.8(14.0-22.4) | 4 | 19 | 28.5(23.2-34.5) | 3 | 17 | 31.0(254-37.1) | 1 | 15 | 22.0 (17.9-26.8)
MG 8 29 5.5(3.7-8.3) 2 16 6.1 (4.4-8.3) 2 17 5.8 (4.4-7.7) 1 15 5.3(3.8-7.3) 1 15 5.2 (4.0-6.8)
v 25 | 46 2.8 (1.8-4.3) 4 | 18 | 3.6(24-54) 2 | 17 | 2.0(1.3-3.0) 5 119 34(23-5.1) 2 |16 | 2.6(1.8-3.6)
None 11 | 26 10.0 (6.8-14.5) 3 17 11.1 (8.5-14.5) 1 16 8.2 (6.2-10.8) 1 15 6.8 (5.0-9.2) 1 15 9.0 (7.1-11.5)
C. Genital ulcer

HSV 28 | 55 | 57.1(40.9-71.9) | 11 | 29 | 56.8 (42.9-69.6) | 8 | 24 | 42.5(29.4-56.7) | 1 12 | 55.1 (42.5-67.1) 1 15 | 54.8 (43.3-65.9)
HSV-2 22 | 47 | 48.3(32.9-64.1) | 14 | 29 | 52.4(41.0-63.6) | 13 | 28 | 40.3(29.8-51.9) | 3 11 | 43.2(31.2-56.0) | 4 17 | 42.8 (32.4-53.9)
TP 64 | 117 9.3 (6.4-13.4) 22 | 57 12.7 (9.0-17.6) | 21 | 53 14.0 (9.9-19.4) 5 | 28 | 16.9(10.6-25.8) | 3 31 12.7 (8.3-19.0)
LGV 11 | 43 2.3 (1.0-5.3) 4 |29 5.1 (2.5-10.1) 4 | 28 5.4 (2.6-10.6) 1 18 5.1 (3.0-8.7) 1 25 2.2 (1.3-3.6)
HSV-1 14 | 31 2.0 (0.8-4.7) 6 | 17 | 41(1.7-9.2) 5 | 16 | 3.5(1.4-8.3) 1| 7 | 120(1.6-539) | 2 | 13 | 4.9(0.7-27.0)
HD 56 | 107 | 2.0(1.2-33) | 23 | 56 | 3.5(23-53) | 23 | 54 | 4.1(2.7-6.3) 3124 31(1.2-7.4) 3 | 31 1.4 (0.6-3.2)
None 38 83 | 34.7(25.5-45.1) | 15 | 48 | 29.1(22.0-374) | 14 | 44 | 38.3(29.8-47.5) | 2 22 | 43.1(33.3-53.5) 3 31 | 40.3(31.8-49.5)

Diagnosed proportion per pathogen among populations symptomatic with (A) vaginal discharge, (B) urethral discharge, and (C) genital ulcer. Proportions are sex-
matched population-weighted means with 95% ClIs and were estimated using generalised linear mixed-effects model for each symptom in 3 sub-analyses: overall,
stratified by HIV status, and stratified by age group.

Ng: number of unique studies, N,,: number of observations. Multiple study observations possible when outcomes were stratified by population type, country, year or
time-period, sex, HIV status, or age (as available).

BV: Bacterial vaginosis, CA: Candida albicans, CS: Candida species (any), CT: Chlamydia trachomatis, HD: Haemophilus ducreyi, HSV: Herpes simplex virus
(unspecified), HSV-1: Herpes simplex virus type 1, HSV-2: Herpes simplex virus type 2, LGV: lymphogranuloma venereum, MG: Mycoplasma genitalium, NG: Neisseria

gonorrhoeae, TP: Treponema pallidum, TV: Trichomonas vaginalis, None: unknown aetiology.

https://doi.org/10.1371/journal.pmed.1004385.t002

68) of urethral discharge cases. CT was the predominant (21.9% [95% CI: 15.4% to 30.3%],
nyp = 48) non-gonococcal cause of urethral discharge, followed by MG (5.5% [95% CI: 3.7%
t0 8.3%], nyp = 29) and TV (2.8% [95% CI: 1.8% to 4.2%], nyp = 46). No aetiology was
detected in 10.0% (95% CI: 6.8% to 14.5%, nyp = 26) of cases. The odds of MG (aOR: 0.95
[95% CI: 0.91 to 1.00]) and TV (aOR: 0.93 [95% CI: 0.90 to 0.96]) decreased over time, with no
significant change for NG (aOR: 1.01 [95% CI: 0.99 to 1.03]) or CT (aOR: 1.02 [95% CI: 0.99 to
1.06]; Table L in S1 Appendix). The proportion per year with unknown aetiology also
decreased (aOR: 0.95 [95% CI: 0.91 to 0.99]).

In 2015, genital ulcer was predominantly caused by HSV-2 (Fig 2C and Table 2C). The
diagnosed proportion of cases for HSV was 57.1% (95% CI: 40.9% to 71.9%, ngy = 55), HSV-2
was 48.3% (95% CI: 32.9% to 64.1%, ngy = 47), and HSV-1 was 2.0% (95% CI: 0.8% to 4.7%,
ngy = 31). TP was the second most prevalent aetiology (9.3% [95% CI: 6.4% to 13.4%], ngy =

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1004385 May 20, 2024 11/20


https://doi.org/10.1371/journal.pmed.1004385.t002
https://doi.org/10.1371/journal.pmed.1004385

PLOS MEDICINE

Aetiology of sexually transmitted infection symptoms in sub-Saharan Africa

117), followed by LGV (2.3% [95% CI: 1.0% to 5.3%], ngy = 43) and HD (2.0% [95% CI: 1.2%
to 3.3%], ngy = 107). No aetiology was identified in 34.7% (95% CI: 25.5% to 45.1%, ngy = 83)
of cases. The distribution of genital ulcer pathogens changed substantially over time. Since
most observations for HSV-1 (97%) and HSV-2 (85%) occurred after the year 2000, trends are
more reliably assessed for unspecified HSV. In 1980, estimates were highest for HD (86.9%
[95% CI: 79.7% to 91.8%]) and lowest for HSV (7.8% [95% CI: 4.3% to 13.7%]; Fig 2C, Table Q
in S1 Appendix). The odds of HSV increased per year (aOR: 1.08 [95% CI: 1.06 to 1.11]) and
decreased for HD (aOR: 0.85 [95% CI: 0.83 to 0.86]), LGV (aOR: 0.93 [95% CI: 0.89 to 0.96]),
and TP (aOR: 0.98 [95% CI: 0.96 to 0.99]; Table L in S1 Appendix). The odds of having no
identified aetiology (aOR: 1.02 [95% CI: 1.00 to 1.04]) increased over time. Men with genital
ulcer had higher odds (aOR: 1.98 [95% CI: 1.27 to 3.08]) of HD diagnosis than women, but sex
was not a significant predictor for other aetiologies.

Across all 3 symptoms, there was negligible evidence of regional variation in the estimated
diagnosed proportion per pathogen over time (Fig B and Table L in S1 Appendix). Study
observations were heterogeneous for all 3 symptoms, especially vaginal discharge. The percent-
age of total variance attributed to observation-level random effects was 43.0% for VD, 22.3%
for UD, and 25.0% for GU (Table L in S1 Appendix).

Population factors associated with the aetiology of each symptom

For each symptom, HIV status and age were significantly associated with the diagnosis of sev-
eral RTTs, although the infections with the largest proportions per symptom generally
remained the same for all subgroups. The main exception was for women with HIV, where
vaginal discharge was predominantly caused by BV (45.5% [95% CI: 34.4% to 56.9%], nyp =
20), CS (31.4% [95% CI: 19.9% to 45.8%], nyp = 17), and TV (17.1% [95% CI: 11.7% to 24.4%],
nyp = 22) in 2015 (Table 2A).

For vaginal discharge, the odds were higher among women with HIV than women without
HIV for diagnosis with MG (aOR: 2.3 [95% CI: 1.6 to 3.4], nyp = 36), TV (aOR: 2.2 [95% CI:
1.6 to 2.9], nyp = 45), BV (aOR: 1.8 [95% CI: 1.3 to 2.5], nyp = 42), and NG (aOR: 1.6 [95%
CIL: 1.2 to 2.2], nyp = 41), and lower for CS (aOR: 0.5 [95% CI: 0.3 to 0.7], nyp = 34; Fig 3A
and Table M in S1 Appendix). No HIV-stratified observations were available for CA. The odds
were higher among women <25 years than >25 years for diagnosis with CT (aOR: 2.4 [95%
CI: 1.7 to 3.3], nyp = 38), MG (aOR: 2.0 [95% CI: 1.3 to 3.0], nyp = 31), CS (aOR: 1.8 [95% CI:
1.3 t0 2.7], nyp = 37), and NG (aOR: 1.7 [95% CI: 1.2 to 2.3], nyp = 43), and lower for those
without an identified aetiology (aOR: 0.7 [95% CI: 0.5 to 0.9], nyp = 36; Fig 4A and Table N in
S1 Appendix).

For urethral discharge, the odds of TV diagnosis were higher (aOR: 1.9 [95% CI: 1.1 to 3.3],
nyp = 35) among men with HIV than men without HIV and lower for CT (aOR: 0.5 [95% CI:
0.4 to 0.8], nyp = 38; Fig 3B and Table M in S1 Appendix). CT was the only RTT associated
with age for urethral discharge, with higher odds among men <25 years (aOR: 1.6 [95% CI:
1.2 to 2.3], nyp = 32; Fig 4B and Table N in S1 Appendix).

For genital ulcer, the odds of unspecified HSV (aOR: 1.8 [95% CI: 1.1 to 2.8], ngy = 53) and
HSV-2 (aOR: 1.6 [95% CI: 1.1 to 2.5], ngy = 57) were higher among participants with HIV
than those without HIV, but lower for those with unidentified aetiology (aOR: 0.7 [95% CI: 0.5
t0 0.9], ngy = 92; Fig 3C and Table M in S1 Appendix). LGV (aOR: 2.4 [95% CI: 1.3 to 4.5],
ngu = 43) and HD (aOR: 2.3 [95% CI: 1.3 to 4.1], ngy = 55) had higher odds of diagnosis
among participants <25 years (Fig 4C and Table N in S1 Appendix). In both analyses, men
with genital ulcer had lower odds (aOR: 0.4 [95% CI: 0.3 to 0.7]; aOR: 0.6 [95% CI: 0.4 to 1.0])
of diagnosis with HSV-2 than women (Tables M and N in S1 Appendix).
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Fig 3. Comparison of diagnosed proportion per pathogen by HIV status in sub-Saharan Africa. Estimated diagnosed proportion per
pathogen among adults with and without HIV in 2015 (left) and adjusted odds of diagnosis per pathogen among adults with HIV compared
to adults without HIV (right) symptomatic with (A) vaginal discharge, (B) urethral discharge, and (C) genital ulcer. Proportions and odds
estimated using generalised linear mixed-effects model for each symptom with fixed effects for RTI and the interaction of RTI with year,
HIV status, and sex (genital ulcer only), random intercepts for the interaction of RTI and region, and observation-level random intercepts.
Bars represent sex-matched population-weighted mean proportions in 2015. Points represent the adjusted odds of diagnosis among adults
with HIV. Solid lines represent 95% CIs. BV: Bacterial vaginosis, CS: Candida species (any), CT: Chlamydia trachomatis, HD: Haemophilus
ducreyi, HSV: Herpes simplex virus (unspecified), HSV-1: Herpes simplex virus type 1, HSV-2: Herpes simplex virus type 2, LGV:
lymphogranuloma venereum, MG: Mycoplasma genitalium, NG: Neisseria gonorrhoeae, TP: Treponema pallidum, TV: Trichomonas

vaginalis, None: unknown aetiology.

https://doi.org/10.1371/journal.pmed.1004385.9003
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Fig 4. Comparison of diagnosed proportion per pathogen by age group in sub-Saharan Africa. Estimated diagnosed proportion per
pathogen among youth <25 years and adults >25 years in 2015 (left) and adjusted odds of diagnosis per pathogen among youth compared
to adults (right) symptomatic with (A) vaginal discharge, (B) urethral discharge, and (C) genital ulcer. Proportions and odds estimated using
generalised linear mixed-effects model for each symptom with fixed effects for RTT and the interaction of RTI with year, age group, and sex
(genital ulcer only), random intercepts for the interaction of RTI and region, and observation-level random intercepts. Bars represent sex-
matched population-weighted mean proportions in 2015. Points represent the adjusted odds of diagnosis among youth. Solid lines represent
95% Cls. *Confidence intervals truncated by x-axis. BV: Bacterial vaginosis, CA: Candida albicans, CS: Candida species (any), CT:
Chlamydia trachomatis, HD: Haemophilus ducreyi, HSV: Herpes simplex virus (unspecified), HSV-1: Herpes simplex virus type 1, HSV-2:
Herpes simplex virus type 2, LGV: lymphogranuloma venereum, MG: Mycoplasma genitalium, NG: Neisseria gonorrhoeae, TP: Treponema
pallidum, TV: Trichomonas vaginalis, None: unknown aetiology.

https://doi.org/10.1371/journal.pmed.1004385.9004

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1004385 May 20, 2024

14/20


https://doi.org/10.1371/journal.pmed.1004385.g004
https://doi.org/10.1371/journal.pmed.1004385

PLOS MEDICINE

Aetiology of sexually transmitted infection symptoms in sub-Saharan Africa

Critical appraisal and sensitivity analyses

Fewer than half of studies aimed to assess the aetiology of genital symptoms (Nyp = 37/87,
Nyp = 32/55, Ngy = 40/80, Tables O and P in S1 Appendix). Most studies were at risk of selec-
tion bias; participant inclusion criteria were often clearly defined (Nyp = 82/87, Nyp = 50/55,
Ngu = 73/80), but few studies recruited participants using consecutive or random sampling
methods (Nyp = 32/87, Nyp = 27/55, Ngy = 46/80), had adequate participation rates (Nyp =
34/87, Nyp = 21/55, Ngu = 40/80), or provided sufficient detail on participant characteristics
to determine their representativeness (Nyp = 36/87, Nyp = 21/55, Ngy = 56/80). Most studies
were not susceptible to measurement bias; the majority defined participant symptoms objec-
tively (Nyp = 48/87, Nyp = 36/55, Ngu = 75/80), employed consistent diagnostic methodolo-
gies (Nyp = 81/87, Nyp = 47/55, Ngy = 75/80), and avoided misclassifying infections by
testing for multiple pathogens (Nyp = 43/87, Nup = 22/55, Ngy = 48/80). Studies generally
had sample sizes of at least 100 participants (Nyp = 61/87, Nyp = 39/55, Ngy = 46/80) and
reported results unambiguously (Nyp = 51/87, Nyp = 37/55, Ngy = 52/80). Several of these
appraisal criteria were associated with the odds of RTI diagnosis, particularly for vaginal dis-
charge, but the hierarchy of aetiologies per symptom remained the same (Fig C in S1
Appendix).

In sensitivity analyses, estimates derived for RTIs with large diagnostic test performance
adjustments (CS, BV, TV, and NG) were higher than those based on reported observations,
although trends were relatively similar (Fig D and Table Q in S1 Appendix). Estimates derived
using NAAT only were generally consistent with trend estimates based on all test types, irre-
spective of diagnostic test performance adjustment (Fig E in S1 Appendix). Notable exceptions
when restricted to NAAT-based estimates were for vaginal discharge, where TV was stable and
NG increased over time, and for genital ulcer, where TP increased over time. However,
NAAT-based estimates were interpolated from shorter time spans than estimates derived
using all diagnostic tests.

Discussion

This systematic review and meta-regression estimated the distribution, trends, and determi-
nants of aetiologies for STI-related symptoms in sub-Saharan Africa from 1970 to 2022. The
primary aetiologies identified for vaginal discharge were candidiasis, bacterial vaginosis, and
trichomoniasis, for urethral discharge were gonorrhoea and chlamydia, and for genital ulcer
were herpes and syphilis. Additionally, over 5% of vaginal discharge and urethral discharge
cases were attributed to M. genitalium, and over a quarter of vaginal discharge and genital
ulcer cases lacked an identified cause in 2015. Symptom aetiologies changed over time, partic-
ularly for genital ulcer where the leading cause shifted from chancroid in 1990 to HSV-2 by
2010. We did not find evidence of systematic regional variation in the aetiologic distributions.
Although HIV status and age group were significantly associated with the diagnosis of several
RTIs, the overall hierarchy of aetiologies for each symptom largely remained unchanged.

The estimated distribution of aetiologies for each symptom was consistent with infections
prioritised by WHO syndromic management guidelines [3]. Our analysis adds to previous
reviews [31-35] that informed WHO syndromic algorithms by incorporating a wider range of
studies reporting underlying syndrome aetiologies, specifically in SSA. We, however, did not
find evidence for needing to adapt the algorithms for SSA settings or populations. Guidelines
currently recommend assessing for M. genitalium only in instances of recurrent or persistent
discharge [3], which would potentially leave this infection untreated. Additional attention to
MG is therefore warranted, particularly amid ongoing debates on aetiologic testing in higher-
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income settings [36]. The high proportion of cases without an identifiable cause poses a persis-
tent unaddressed treatment challenge, even with expanded access to diagnostic testing.

Changes over time in genital ulcer aetiology are consistent with existing evidence indicating
the near eradication of chancroid [37]. The reduction in chancroid cases is largely attributed
to the introduction of antibiotics for genital ulcer management. The prevalence of HSV-2 has
also declined, only much more slowly [38]. Furthermore, the HIV epidemic has also shaped
the epidemiology of ulcerative infections over time, with documented synergy between HSV-2
and HIV [39]. We identified that 2% and 48% of genital ulcer cases were attributed to HSV-1
and HSV-2 in 2015, respectively, consistent with other systematic review findings of 1.2% and
51% in SSA during 1990 and 2015 [38,40].

These temporal changes underscore the need for regular aetiologic assessment of syn-
dromes. However, among 32 countries with data in our review, the publication rate approxi-
mated 1 study every 10 years (median of 5 studies per country during 1969 and 2022), falling
short of the WHO’s recommended assessment frequency of 2 years [6]. In the absence of local
studies, our findings suggest data from neighbouring regions or countries can be used to
inform syndromic management protocols, although national-level monitoring of antimicro-
bial resistance for key pathogens may still be necessary [41].

Aetiologic proportions among symptomatic populations are a component of characterising
RTI burden, but these metrics are not equivalent. Diagnosed proportions reflect the prevalence
of all possible aetiologies for a particular symptom, conditional on individuals being symptom-
atic and seeking care. For example, while HSV-2 prevalence has decreased in the region, the
proportion of genital ulcer cases attributed to HSV-2 increased over time because the preva-
lence of chancroid and syphilis declined more rapidly [38,42-44]. Decreasing aetiologic pro-
portions for syphilis and chancroid were consistent with general population prevalence trends
in SSA [16,42-45]. Diagnosed proportions also do not reflect the relative RTI burden among
different population groups. Although aetiologic proportions were distributed similarly by
HIV status, age group, and sex (genital ulcer) for each symptom, the prevalence of RTIs in SSA
is higher among women and people living with HIV, and varies by age [46,47]. Using our
results to estimate overall STI burdens requires additional data on the prevalence of STI syn-
dromes, care seeking, and aetiologies, collected from representative samples of the general
population.

Our analysis had limitations, mainly related to features of the studies and data. We exten-
sively searched grey literature to identify all available data, particularly surveillance reports
that might not appear in peer-reviewed academic literature. The grey literature search used
similar criteria to our database search but was not strictly systematic. We did not find any
studies in 16 countries, particularly in central Africa (5/9 countries had no studies). However,
the consistency of results across countries with data provides some confidence that key syn-
dromic management recommendations are generalisable to countries that did not have any or
recent studies. Most studies were not nationally representative and were conducted among a
convenience sample of symptomatic individuals seeking healthcare at specific facilities. Our
analysis did not account for factors influencing treatment access, such as urban or rural loca-
tion [48-50], or symptom severity, recurrence, or treatment history, which could have influ-
enced the aetiologic distributions among study participants but for which data were not
consistently available. Additionally, as most studies did not report HIV prevalence or age
among symptomatic participants, we were unable to adjust for these factors in the overall esti-
mates. These factors may have contributed to heterogeneity in the study observations, which
was particularly large for vaginal discharge. Our definition of vaginal or urethral discharge
based on abnormal symptoms may have captured a subset of those meeting criteria for diagno-
sis with vaginal discharge syndrome (abnormal discharge, vulval irritation, and/or itching) or
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urethral discharge syndrome (abnormal discharge, dysuria, and/or itching). Alternatively, our
symptom-based definition may have included more individuals with non-infectious aetiolo-
gies than a clinical syndromic diagnosis. The symptom-based definition was chosen to accom-
modate variations in reporting across studies and over time but may have influenced
estimated aetiologic distributions. Several studies did not differentiate between HSV type or
Candida species; we considered these data representative of HSV-2 and CA trends, which may
have overestimated their contribution. Our estimated diagnosed proportion for HSV-2 was
85% that of unspecified HSV, which was consistent with previous studies [38]. In contrast, the
diagnosed proportion for CA was 45% relative to CS, which was below the expected range of
70% to 90% [51,52]. Adjustments to the performance of gram stain and/or wet mount may
have overestimated CS proportions, while CA may have been underestimated due to the lim-
ited number of observations. Other RTI proportions may also have been over- or underesti-
mated due to assigned diagnostic test sensitivity and specificity values, despite our efforts to
ensure their accuracy. Our modelling approach and estimates did not account for relationships
between similar outcomes, such as the contribution of HSV-1 and HSV-2 to unspecified HSV;
coinfection rates between RTTs; or the negative correlation between proportions for the same
symptom, which depend on coinfection rates. Finally, due to different numbers of pathogens
examined across studies, we were required to subjectively define an unknown aetiology among
study participants tested for 3 or more RTIs, irrespective of the pathogens examined or the
number of potential pathogens present. Despite these limitations, to the best of our knowledge,
our study provides the most comprehensive analysis to date on the aetiology of STI-related
symptoms in SSA.

In conclusion, the aetiology of 3 common STI-related symptoms were remarkably similar
across regions in sub-Saharan Africa but have evolved over time, underscoring a changing STI
transmission landscape and the need for regular re-assessment to inform syndromic manage-
ment protocols. The observed aetiologic distributions in SSA were largely consistent with
WHO recommended syndromic management algorithms without strong evidence of variation
by country, context, or population strata, strengthening the generalisability of our findings to
settings lacking data in SSA.
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