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Abstract

Chlamydia trachomatis and Neisseria gonorrhoeae constitute major public health problems among women, but the burden
of infection in sub-Saharan Africa is poorly documented. We conducted a structured review of the prevalence and
incidence of genital, oral and anal C. trachomatis and N. gonorrhoeae infection in women in sub-Saharan Africa. We
searched Medline, EMBASE and Web of Science over a 10-year period for studies on epidemiology of genital, oral and
anal chlamydial infection and gonorrhoea in women in all countries of sub-Saharan Africa. We assessed geographic and
demographic differences in prevalence and incidence of infection; weighted mean prevalence estimates were calculated
with a random-effect model. A total of 102 study results were included, with data available for 24/49 of sub-Saharan
countries. The weighted prevalence of chlamydial infection was lower among women in community-based studies (3.9%;
95% Cl: 2.9-5.1%) than for women recruited at primary healthcare facilities (6.0%; 95% CI: 4.2-8.4%, p < 0.001); the
same was observed for gonorrhoea (2.2%; 95% CI: 1.2-4.0% vs. 4.2%; 95% Cl: 3.2-5.6%, p <0.001). Prevalence of
Chlamydia among sex workers was 5.5% (95% Cl: 4.2-7.3%) and gonorrhoea 7.6% (95% CI: 5.4—11%). Seven studies
reported on incidence which varied between 0.75-28 and 2.8—17 per 100 person-years-at-risk for chlamydial infection
and gonorrhoea, respectively. Only two studies reported on anal infections and one on oral infection. This overview
underscores the considerable incidence and prevalence of genital C. trachomatis and N. gonorrhoeae in women in different
settings in sub-Saharan Africa. Better control strategies are warranted to reduce the burden of infection and to prevent
long-term complications of these infections.
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Introduction

Chlamydia trachomatis and Neisseria gonorrhoeae are
the most common bacterial sexually transmitted infec-
tions (STIs) worldwide. The most recent World Health
Organization (WHO) estimates for the African region
are an annual incidence (per 100 women) of 2.2 and 5.0
and prevalence (%) of 2.6 and 2.3 for C. trachomatis
and N. gonorrhoeae infections in women aged 15-49
years in 2008, respectively.! These regional estimates
are the highest in the world, and recent modelling anal-
ysis classified sub-Saharan Africa as the only region in
the high STI incidence/prevalence category.'

Women are more likely to be infected than men for
several reasons. First, transmission is more effective
from men to women due to differences between
female and male susceptibility of the genital tract for
infection.>* Second, gender inequality is especially
common in resource-poor settings and places women
in a more vulnerable position, e.g. for negotiating
condom use or experiencing coercion.’ Finally, infec-
tion in women occurs more frequently without symp-
toms and is therefore more often left untreated; the
majority of these infections in women are asymptom-
atic.” Women with unrecognized infection have an
increased risk for pelvic inflammatory disease with its
complications of ectopic pregnancy, tubal infertility
and chronic pelvic pain.® Furthermore, in addition to
epidemiological evidence, it is biologically plausible
that these STIs enhance HIV acquisition and might
facilitate transmission.”'® The identification and man-
agement of these STIs and other reproductive tract
infections were identified as critical components for
quality sexual and reproductive health services and
have been incorporated into existing services in several
countries in Africa.

As microbiological diagnosis of STIs is generally
unavailable in low resource settings, the WHO recom-
mends a syndrome-based approach to manage individ-
uals with STI-associated symptoms. The benefits and
disadvantages of this syndromic approach are well
documented.”!'" An important drawback is that many
infections remain untreated as they are asymptomatic
whereas overtreatment with resultant unnecessary use
of antibiotics also occurs, thereby enhancing risk of
antimicrobial resistance.®'* Although many countries
report on the prevalence of syndromes, data about dis-
tribution of bacterial STIs in sub-Saharan African
countries are generally scattered. Moreover, the current-
ly available overviews focus on a single country or spe-
cific populations at risk, e.g. female sex workers.'* !

To our knowledge, there is no recent overview of the
distribution of genital C. trachomatis and N. gonor-
rhoeae in women in sub-Saharan Africa. This struc-
tured review aims to inform health policies and STI

control strategies for women living in low-resource set-
tings by providing insight into the distribution of gen-
ital, oral and anal C. trachomatis and N. gonorrhoeae
infections in women over the past 10 years across sub-
Saharan Africa.

Methods

Search strategy and selection criteria

We searched for studies that report on the epidemiology
of C. trachomatis and N. gonorrhoeae in women in sub-
Saharan Africa, using a systematic review approach and
report in accordance with the PRISMA guidelines.'® We
used Medline (through PubMed), EMBASE and Web
of Science and searched for studies from 1 January 2005
to 31 December 2014 using two different strategies.
First, the MeSH-terms and keywords ‘Chlamydia tra-
chomatis’, ‘Chlamydia’, ‘Neisseria gonorrhoeae’ and
‘Gonorrh(o)ea’ combined with ‘sub-Saharan Africa’ or
‘Africa South of the Sahara’ (PubMed) were used. For
the second search we used the same words as free text
combined with the name of one of the 49 countries in
sub-Saharan Africa as per combined definition of the
World Health Organization (WHO) and the World
Bank.'”'® We did not search conference abstracts or
grey literature for additional studies. No language
restrictions were applied.

Study selection and eligibility criteria

The following protocol was used to retrieve studies to
be included in this review. Reference lists were gener-
ated, and titles and abstracts were independently
screened by two authors (RPHP and JHD) to identify
relevant articles on C. trachomatis and N. gonorrhoeae
in women in sub-Saharan Africa (Figure 1). All records
identified for further evaluation by at least one of the
two authors were checked for duplicates and included
for full text screening. The retrieved full text articles
were then independently reviewed by two investigators
(SPV and JHD) with discordant views resolved by
referral to a third investigator (RPHP).

The following inclusion criteria were used: studies
reporting on incidence and/or prevalence of C. tracho-
matis and/or N. gonorrhoeae in a study sample of at
least 100 women recruited at one of the following set-
tings: (a) in the general community, (b) at primary
healthcare (PHC) facilities (these include: family plan-
ning (FP), antenatal care (ANC), PHC clinic, youth
clinics, HIV clinic for voluntary counselling and testing
(VCT)) or (c) visiting a sexually transmitted diseases
(STD) clinic. Furthermore, studies of female commer-
cial sex workers (FSWs) and women working in a bar/
bottleshop were evaluated as high-risk groups. No age
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Figure |. Literature search and selection. Two searches of PubMed were conducted and a combined search was used for EMBASE

and Web of Science.

restriction was applied and the review was limited to
genital, anal and oral infections; Chlamydia trachoma-
tis and Neisseria gonorrhoeae infections of other body
sites (e.g. eye, joint) were excluded. Studies were only
included if one of the following laboratory methods
was used: nucleic acid amplification test (NAAT) for
C. trachomatis and culture or NAAT for N. gonor-
rhoeae. Studies were excluded from further analysis
based on: study design (review articles, case reports,
comments on other researchers’ work, studies using
modelling for estimates, and case-control studies with-
out baseline data), study objectives (general microbiol-
ogy only [e.g. resistance pattern] and ocular infection),
specimens used for diagnostic testing (any type other
than urine, vaginal, endocervical, oropharyngeal or
anorectal swab) and missing information about labo-
ratory method or specimen. Measures of outcome were
prevalence (number of women with a positive test
divided by total number of women with a test with
interpretable result) and incidence (the proportion of
all women that were negative at baseline but became

infected over a defined period of time) of C. trachoma-
tis and N. gonorrhoeae infection.

In the event that data from one study were reported
in two or more publications, we selected the most rel-
evant paper with regard to our objectives. For one
study with no differentiation between the prevalence
of Chlamydia infection and gonorrhoea and for one
study with no differentiation of infection between
men and women we contacted the authors for detailed
information.'”?° In the case of a study involving mul-
tiple countries and/or study populations, available data
were split accordingly for analysis and were eligible if
each setting or risk group had a population of >100
women. Trials were only included if baseline data were
presented, as interventions could potentially bias the
results.

Data extraction and analysis

Data were independently extracted by two authors
(SPV and JHD) using Microsoft Access version 2013



(Microsoft  Corporation, Redmond, WA). We
extracted the following variables from each article:
country, year of publication, setting, population, labo-
ratory material and method, population size (n), HIV
prevalence if given, mean or median age if given, and
genital, anorectal and oropharyngeal Chlamydia and/
or gonorrhoea prevalence/incidence. Both databases
were compared for quality of entry with referral of dis-
cordant entries to a third author (RPHP) for
resolution.

For data analysis, each country was assigned a
socioeconomic status, based on the UN Human
Development Index (HDI) of 2014: a composite index
measuring average achievement in three basic dimen-
sions (life expectancy, education and standard of
living) of human development and ranges from very
high, to high, to medium and to low.?! Furthermore,
to link our data to the HIV burden in the continent, we
used the estimated HIV prevalence among adults (15—
49 years) and in sex workers reported by UNAIDS in
20142

Data were analysed using SPSS version 20.0 (SPSS
Inc, Chicago, IL) and R software package 3.3.
Overview of C. trachomatis and N. gonorrhoeae preva-
lence per setting and population was created using
maps made by ArcGIS (Esri, Redlands, CA). Per pop-
ulation group the weighted prevalence was calculated
with corresponding 95% confidence intervals (ClIs)
using the random-effect model including statistical
analysis of heterogeneity. The association between the
prevalence of C. trachomatis and N. gonorrhoeae infec-
tion, and between these STIs and estimated HIV prev-
alence, was plotted using scatter plot (R? values are
provided in the text) and calculated using linear regres-
sion analysis.

Funding source statement

There was no relevant sponsor of the study that could
have played a role in design, data collection, data anal-
ysis, data interpretation, or writing of the report. The
corresponding author had full access to all the data in
the study and had final responsibility for the decision to
submit for publication.

Results

We identified 1862 records of which 488 (26%) were
potentially relevant. Of these, 215 were duplicates leav-
ing the remaining 273 records for full text screening.
We identified 29 publications that were considered
duplication of STI data from a single research study;
these were excluded from further analysis.'"**>" After
eligibility assessments, 102 study results were included
in this analysis, which were published in 92 articles as

eight articles had data from two countries and/or study
populations and one from three (Figure 1, Table 2 and
S1 Table).

Characteristics of studies assessing C. trachomatis
and N. gonorrhoeae in sub-Saharan Africa

Prevalence data were available for 24 of the 49 countries
in sub-Saharan Africa with wide variation (range: 1-18)
in the number of studies that was conducted per country
(Figure 2). Among these, seven studies reported on inci-
dence within six countries (Table 3). Data on C. tracho-
matis were reported in 84 studies and N. gonorrhoeae in
101; 81 (79%) studies reported prevalence data of both
infections. Median size of study population was 448 par-
ticipants (range: 100-6514). Characteristics of 88 studies
reporting on prevalence in women recruited in the gen-
eral community,”*>* % at PHC settings®’-'?2>701% and
FSWs!'% 124 are described in Table 1. Furthermore, we
retrieved 7 studies conducted at the STD clinic’>'?>%
and 6 studies targeting bar workers,"*!" '*° bringing the
total of studies to 102 as one study included women from
both PHC setting and STD clinic.”?

Overall, endocervical swabs were the most frequently
used for laboratory detection of C. trachomatis (44% of
studies) and N. gonorrhoeae (49%), followed by vaginal
swab (29% and 26%). Overall, we did not observe a
difference in prevalence between studies using urine
(26%) versus endocervical or vaginal swabs for specimen
collection for the detection of C. trachomatis (median
5.1% vs. 5.9%, p=0.29). Polymerase chain reaction
(PCR) was the most frequently used method for detec-
tion (75% and 54%), followed by strand displacement
amplification (SDA) for Chlamydia (14%) and culture
for gonorrhoea (23%). For N. gonorrhoeae infections in
women, we observed an overall difference in median
prevalence between culture (1.6%) and NAAT (4.7%)
methods for detection of infection (p=0.001). We
observed this difference for studies that recruited
women at PHC settings (p < 0.001), but not for studies
assessing the community (p=0.31) or FSWs (p=0.59)
as only a few (2/23 and 4/21) used culture.

Prevalence of C. trachomatis and N. gonorrhoeae in
the community-based studies

Prevalence of C. trachomatis and N. gonorrhoeae in
women recruited in community-based studies varied
across sub-Saharan Africa (Figures 3(a) and 4(a)) and
is summarized in Table 2. Highest prevalences of C.
trachomatis and N. gonorrhoeae was observed in
Northwestern Namibia where in one study 29/209
(12%) and 150/209 (72%) of women living in 28
rural villages in Kaokoland were infected, respective-
ly.% The weighted prevalence for C. trachomatis was
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Figure 2. Number of studies reporting on the prevalence of (a) either Chlamydia trachomatis or Neisseria gonorrhoeae, (b) Chlamydia
trachomatis and (c) Neisseria gonorrhoeae in women in sub-Saharan Africa as published in the period 2005-2014.

3.9% (95% CI; 2.9-5.1%; 1 =95%) and for N. gonor-
rhoeae 2.2% (95% CI; 1.2-4.0%) in sub-Saharan
Africa. When excluding the study from Hazel et al.®
because of outlier high N. gonorrhoeae prevalence
(72%), the weighted prevalence was 1.9% (95% CI;
1.3-2.8%; I =95%) among 23850 women.

The prevalence of infection was different for the
rural compared to the urban setting. For C. trachoma-
tis, the prevalence was 3.0% (n=28865) in the rural and
4.2% (n=13,750) in the urban setting (p<0.001)
whereas for N. gonorrhoeae; 1.0% (8656) versus 3.6%
(13989) prevalence was observed, respectively
(p<0.001). In addition to studies conducted at the
community level, prevalence of 25% (144/569) for chla-
mydial infection and 19% (108/568) for gonorrhoea
was reported among 569 young women (median age
19 years) from randomly selected high schools in
rural coastal Kwazulu-Natal.

Prevalence of C. trachomatis and N. gonorrhoeae in
women recruited at PHC settings

Thirty-three studies reported on prevalence of
C. trachomatis and 42 for N. gonorrhoeae in women
attending PHC facilities; 12/42 (29%) used culture
and 29/42 (69%) used NAAT as the detection
method (Table 2). Data of women recruited at PHC
settings were based on the recruitment of women at
primary healthcare clinics (14 studies); ANC clinics
(12 studies); FP clinics (8 studies); youth clinics (5 stud-
ies) and HIV clinics (4 studies). South Africa had the
highest number (13) of studies reporting on prevalence
of chlamydial infection with a mean of 11% (median
14%; range, 2.2-28%) (Figures 3(b) and 4(b)). For C.
trachomatis, we observed a weighted prevalence of
6.0% (95% CI; 4.2-8.4%; 1> =98%) and for N. gonor-
rhoeae a weighted prevalence of 1-0% (95% CI; 0.6—



Table 1. Specifications of studies included in this structured review.

No. of studies (%)

Characteristic Value
Community (n=23) PHC setting (n =43) FSWs (n =22)
Study characteristics
Population size (n) >2000 3 (13) 6 (14) I (4.5)
10012000 5(22) 4 (9.3) 3 (14)
501-1000 0 Il (26) 8 (36)
201-500 13 (57) 14 (33) 8 (36)
100-200 2 (8.7) 8 (19) 2 (9.1
Study setting Urban 13 (57) 36 (84) 22 (100)
Rural 8 (35) 4 (9.3) 0
Both 2 (8.7) 3 (7.0 0
Reporting on C. trachomatis Total 22 33 19
Prevalence data 21 33 18
Incidence data | 5 3
Reporting on N. gonorrhoeae Total 23 42 22
Prevalence data 22 42 21
Incidence data 2 5 2
Laboratory methods
C. trachomatis
Collection method Endocervical swab 4 (17) 14 (42) I'1(58)
Vaginal swab® 8 (35) 9 (27) 5 (26)
Urine 10 (43) 9 (27) 3 (16)
Urine and endocervical 1 (4.3) I (3.0) 0
Microbiological test NAAT 22 (100) 33 (100) 19 (100)
PCR 14 (64) 26 (79) 14 (74)
SDA 7 (32) 2 (6.1) 2(1)
LCR I (4.5) 4 (12) 2 (1)
TMA 0 I (3.0) I (5.3)
N. gonorrhoeae
Collection method Endocervical swab 4 (17) 20 (48) 18 (82)
Vaginal swab® 8 (35) 12 (29) | (4.5)
Urine Il (48) 9 (21) 2 (9.1
Urine and endocervical 0 I (24) | (4.5)
Microbiological test NAAT 21 (91) 29 (74) 18 (82)
PCR 13 (57) 22 (52) 13 (59)
SDA 7 (30) 2 (4.8) 2 (9.1
LCR 0 4 (9.5) 2 (9.1)
TMA I (4.3) I (2.4) 0
Culture 2 (8.7) 12 (29) 4 (18)
Culture and PCR 0 I (2.4) 0
Culture and TMA 0 0 | (4.5)

Note: Data of bar workers (n = 6) and women visiting STD clinic (n =7) are not given in this table, as is one study which included women from both

PHC setting and STD clinic.

PHC: primary healthcare setting; FSWs: female sex workers; PCR: polymerase chain reaction; SDA: strand displacement amplification; LCR: ligase chain

reaction; TMA: transcription-mediated amplification.

?Among the 30 studies that tested women with a vaginal swab, 18 (60%) used healthcare-worker collection and in 12 (40%) swabs were self-collected.

1.8%: I?=76%) detected by culture and 4.2% (95%
CI; 3.2-5.6%; I?=94%) by NAAT.

Prevalence of C. trachomatis and N. gonorrhoeae
among FSWs and Bar workers

Among FSWs, highest prevalence was reported in
Madagascar (14%) and Guinea (14%) for
C. trachomatis infection, and in South Africa (23%),

Madagascar (22%) and Uganda (13%) for infection
with N. gonorrhoeae (Figures 3(c) and 4(d)). Lowest
prevalence was observed in Ghana (2.4%) for chlamyd-
ial infection and in Zimbabwe (1.9%) for gonorrhoea.
We observed a weighted prevalence of 5.5% (95% CI;
4.2-7.3%; 1> = 93%) for chlamydial infection and 7.6%
(95% CI; 5.4-11%; 1> =98%) for gonorrhoea. In addi-
tion, studies reporting on prevalence of STIs in bar
workers were mainly conducted in Tanzania. Four
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Figure 3. Prevalence of Chlamydia trachomatis reported (a) in general community settings, (b) in PHC settings and (c) among FSWs in
sub-Saharan Africa. For community settings, we observed data in 21 studies in 12 countries with no studies reporting prevalence
higher than 12%; for PHC settings, we observed data in 33 studies in || countries and for FSWs, we observed data in |8 studies in |1

countries.

studies, all from Tanzania, reported on prevalence of
chlamydial infection (range, 6.0-13%) which gave a
weighted mean of 9.0% (95% CI; 6.4-13). For gonor-
rhoea, six studies reported on prevalence of gonorrhoea
(range, 0.9%-7.9%) with a weighted mean of 4.8%
(95% CI; 2.0-11), including one study in Ghana with
reported prevalence of 0.9% and the remainder from
Tanzania.

Comparison of prevalences of infection between
different settings

A higher weighted prevalence of C. trachomatis infec-
tion was observed at PHC settings (6.3%) as compared
to women recruited in the community (3.9%;
p<0.001) The same difference was observed for N.
gonorrhoeae infection with a weighted prevalence of

4.3% at PHC facilities and 1.9% among women in
the general community (p<0.001) The difference
remained when excluding the study from Namibia as
potential outlier with 72% prevalence.

In addition, weighted mean prevalence among
women recruited at STD clinics was higher compared
to women recruited at PHC settings for both chlamyd-
ial infection (8.8%; 95% CI: 3.5-14%, p < 0.001) and
gonorrhoea (7.7%, 95% CI: 4.0-14%, p < 0.001) based
on five and seven studies, respectively. The observed
prevalence among FSWs (5.5% and 7.6%) was lower
compared to the weighted prevalence among women
recruited at PHC settings for chlamydial infection
(p=0.004) but higher for gonorrhoea (p <0.001) and
higher compared to women recruited in the community
for both chlamydial infection and gonorrhoea
(p <0.001).
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Figure 4. Prevalence of Neisseria gonorrhoeae reported (a) in general community settings, (b and c) in PHC settings and (d) among
FSWs in sub-Saharan Africa. For community settings, we observed data in 22 studies in 12 countries with no studies reporting
prevalence between 8 and 12%; for PHC settings, we observed data detected by NAAT (b) in 30 studies in 10 countries and by culture
(c) in 12 studies in 8 countries and for FSWs, we observed data in 21 studies in 12 countries.

Incidence of C. trachomatis and N. gonorrhoeae
infections

Seven studies reported on incidence estimates of C.
trachomatis or N. gonorrhoeae infections in sub-
Saharan Africa between 2005 and 2014 (Table 3). The
highest incidences of chlamydial infection (range, 0.75—
28/100 person-years at risk [PYAR]) and gonorrhoea
(range, 2.8-17/100 PYAR) were observed in South
Africa among a family planning clinic in 2007 and
among the general community in 2009, respectively.

Factors associated with prevalence of infection at
population level
We used linear regression to compare all studies

(n="75) reporting on prevalence of both genital C. tra-
chomatis and N. gonorrhoeae detected by NAAT and

observed a relation (p < 0.0001, R?>=0.23) between the
prevalences of these two infections in sub-Saharan
Africa.

Mean age of participants in studies was not associ-
ated with C. trachomatis (p=0.69) and N. gonorrhoeae
(NAAT-based, p=0.99) infection.

A higher HDI index was associated (p=0.035,
R?=0.41) with higher prevalence of C. trachomatis
infection and borderline (p=0.078, R>=0.31) with
higher prevalence of N. gonorrhoeae infection among
women recruited at community level per country, but
not associated with women recruited at PHC settings.
After stratification for setting; we observed no associ-
ation in the rural setting for HDI index with C. tracho-
matis (p=0.51) and N. gonorrhoeae (p=0.75)
infection, but an association in the urban setting for
both chlamydial infection (p=0.027; R>=0.58) and
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Table 2. Prevalences of C. trachomatis and N. gonorrhoeae in sub-Saharan Africa.
Author Year Country Setting n Method % 95% ClI
Community C. trachomatis
Leutscher et al.t? 2005  Madagascar rural 333 NAAT 93 6.6-13
Franceschi et al.>® 2007  Nigeria urban 443 NAAT 56 38-82
Vallely et al.®® 2007 Tanzania urban I515  NAAT 59 48-72
Halpern et al.>® 2008  Nigeria urban 3619  NAAT 3.0 2.5-36
Mensch et al.®? 2008  Malawi rural 387 NAAT 10 04-27
Ghebremichael et al.> 2009 Tanzania urban 1440 NAAT 1.5 1.0-2.3
Gueye et al.”’ 2009  Senegal rural 433 NAAT 02 0-1.6
Doyle et al.** 2010  Tanzania rural 6514  NAAT 24 2.1-28
Celentano et al.>? 2010  Zimbabwe urban 2943 NAAT 60 52-69
de Walque et al.®° 2012  Tanzania both 1205  NAAT 27  19-38
Paz-Soldan et al.%® 2012 Malawi rural 453 NAAT 50  34-76
Downs et al.> 2012 Tanzania rural 345 NAAT 43 26-70
Ogilvie et al.** 2013  Uganda urban 199 NAAT 14 9.5-19
Rutherford et al.¢’ 2014  Uganda urban 280 NAAT 2.5 1.2-5.1
Otieno et al.® 2014  Kenya urban 424 NAAT 28 1.6-4.9
Yirenya-Tawiah et al.®’ 2014  Ghana rural 191 NAAT 63  3.6-11
Hazel et al.®° 2014  Namibia rural 209 NAAT 12 7817
Guffey et al.*® 2014  Malawi urban 1037  NAAT 05 02-12
Guffey et al.>® 2014  South Africa urban 1048  NAAT 69 55-86
Guffey et al.>® 2014  Zambia urban 319 NAAT 3.1 1.7-57
Guffey et al.*® 2014  Zimbabwe urban 483 NAAT 33  20-53
N. gonorrhoeae
Leutscher et al.®? 2005  Madagascar rural 333 culture 54 3484
Kapiga et al.®' 2009  Zambia urban 239 culture 34  1.7-6.6
Franceschi et al.>® 2007  Nigeria urban 443 NAAT 26 1.5-46
Vallely et al.®® 2007  Tanzania urban I515 NAAT 55 4568
Halpern et al.>® 2008  Nigeria urban 3619 NAAT 6.1 54-69
Mensch et al.®? 2008  Malawi rural 387 NAAT 60 4.0-89
Ghebremichael et al.>® 2009 Tanzania urban 1440 NAAT 0.2 0.1-0.6
Gueye et al.”’ 2009  Senegal rural 433 NAAT 02 0-16
Doyle et al.>* 2010  Tanzania rural 6514  NAAT 04 0.3-06
Celentano et al.>? 2010 Zimbabwe urban 2943 NAAT 42 3.5-5.0
de Walque et al.?° 2012  Tanzania both 1205  NAAT 4 09-22
Paz-Soldan et al.%® 2012 Malawi rural 453 NAAT 33  2.0-54
Downs et al.> 2012  Tanzania rural 345 NAAT 03 0-2.0
Ogilvie et al.** 2013 Uganda urban 199 NAAT .5 0546
Rutherford et al.®’ 2014  Uganda urban 280  NAAT 1.0 03-32
Otieno et al.®® 2014  Kenya urban 424 NAAT 47 3.0-72
Yirenya-Tawiah et al.®’ 2014  Ghana rural 191 NAAT 26 l.1-6.1
Hazel et al.®° 2014  Namibia rural 209 NAAT 72 65-78
Guffey et al.>® 2014  Malawi urban 1037  NAAT 09 0.5-1.7
Guffey et al.*® 2014  South Africa urban 1048  NAAT 09 0.5-1.7
Guffey et al.>® 2014  Zambia urban 3190 NAAT 29 1.5-54
Guffey et al.>® 2014  Zimbabwe urban 483 NAAT 04 0.1-1.6
Primary healthcare clinic  C. trachomatis
Paz-Bailey et al.”* 2005  Botswana Urban 700 NAAT 13 I-16
Pettifor et al.” 2005  South Africa Urban 4626  NAAT 98  9.0-11
Pickering et al.”® 2005 Uganda Rural 206 NAAT 05 0.1-34
Rassj6 et al.#%% 2006  Uganda Urban 199  NAAT 45 24-84
Tann et al.'”! 2006  Uganda Urban 250 NAAT 59 3696
van de Wijgert et al.'® 2006  South Africa Both 450  NAAT I 82-14
Frohlich et al.”® 2007 South Africa Rural 274 NAAT 8.8 6.0-13
Jones et al.®° 2007  South Africa Urban 626 NAAT 22 19-25
Kleinschmidt et al.8 2007 South Africa Urban 551 NAAT 14 =17

(continued)
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Table 2. Continued

Author Year Country Setting n Method % 95% ClI
Romoren et al.” 2007 Botswana Urban 703 NAAT 8.0 6.2-8.8
Watson-Jones et al.'* 2007  Tanzania Urban 1536  NAAT 74  62-88
Hubacher et al.”’ 2008 South Africa Urban 125 NAAT 23 17-31
Kinoshita-Moleka et al.?' 2008 DRC Urban 521 NAAT 1.7 0.9-3.3
Lujan et al.® 2008  Mozambique Rural 835 NAAT 4.1 2.9-57
Ramijee et al.”’ 2008  Zimbabwe Urban 2455 NAAT 20 1.5-26
Ramijee et al.”’ 2008  South Africa Urban 2493  NAAT 79  6.9-90
Govender et al.”® 2009  South Africa Urban 219 NAAT 19 14-24
Guthrie et al.”® 2009  Kenia Urban 416 NAAT 07 02-22
Saleh-Onoya et al.” 2009  South Africa Urban 100 NAAT 13 7.7-21
van de Wijgert et al.'%® 2009  Zimbabwe Urban 2240 NAAT 30 2438
van de Wijgert et al.'®® 2009  Uganda Urban 2199  NAAT 29 23-37
Darj et al."” 2010  Uganda Both 592 NAAT 35  23-53
Mansson et al.8¢ 2010  Guinea-Bissau  Urban 711 NAAT 13 10-15
Marx et al.¥’ 2010  Kenya Urban 44| NAAT 43 2866
Mhlongo et al® 2010  South Africa Urban 300 NAAT I5 I1-19
Alcaide et al.”! 2012 Zambia Urban 292 NAAT 10 0.3-3.1
Chiduo et al.”* 2012  Tanzania Urban 185 NAAT 1.6 047
Lewis et al.®* 2012  South Africa Urban 558 NAAT 22 1.3-38
Onoya et al.” 2012 South Africa Urban 446 NAAT 28 24-32
Guimaries et al.”” 2013 Angola Urban 246 NAAT 73 4611
Singa et al.'® 2013 Kenya Both 1063 NAAT 06 03-1.2
Mavedzenge et al.>® 2014  Zimbabwe Unclear 131 NAAT 46 2.1-98
Peters et al.® 2014 South Africa Rural 604 NAAT 16 13—-19
N. gonorrhoeae

Lassey et al.®3 2005  Ghana Urban 100 Culture 0 NA
Bukusi et al.”2 2006  Kenya Urban 112 Culture 1.0 0.2-6.1
Chalamilla et al.”® 2006  Tanzania Urban 101 Culture 3.7 1.3-9.7
Msuya et al.” 2006  Tanzania Urban 382 Culture 05  0.1-2.1
Aboud et al.”® 2008  Malawi Urban 1222  Culture 34 25-46
Aboud et al.”® 2008  Tanzania Urban 428 Culture 02 0-1.6
Aboud et al.”® 2008  Zambia Urban 642 Culture 1.6 0.9-29
Melo et al.®® 2008  Mozambique Urban 435 Culture 02 0-1.6
Msuya et al.”' 2009  Tanzania Urban 2555  Culture 0.5 0.3-0.9
Mansson et al.¢ 2010 Guinea-Bissau Urban 711 Culture 1.3 0.7-2.5
Nwadioha et al.”? 2011 Nigeria Urban 1000 Culture 05 0.2-12
Chiduo et al.”* 2012  Tanzania Urban 185 Culture 1.6  0.5-49
Paz-Bailey et al.”* 2005  Botswana Urban 700 NAAT 45  3.2-63
Pettifor et al.” 2005 South Africa Urban 4626 NAAT 3.5 3.04.1
Pickering et al.? 2005  Uganda Rural 206 NAAT 78 48-12
Rassj6é et al. 4% 2006  Uganda Urban 199 NAAT 9.0 57-14
Tann et al.'' 2006  Uganda Urban 250 NAAT 43 2277
van de Wijgert et al.'® 2006  South Africa Both 450 NAAT 73  52-10
Frohlich et al.”® 2007 South Africa Rural 274 NAAT 6.2 3.9-9.7
Jones et al.®° 2007  South Africa Urban 626 NAAT 80 6.1-10
Kleinschmidt et al.®? 2007 South Africa Urban 551 NAAT 3.9 2.6-59
Romoren et al.’” 2007 Botswana Urban 703 NAAT 3.0 2.04.6
Watson-Jones et al.'* 2007  Tanzania Urban 1536  NAAT 22 1.6-3.1
Hubacher et al.”® 2008 South Africa Urban 125 NAAT 6.4 3.2-12
Kinoshita-Moleka et al.?' 2008 DRC Urban 521 NAAT 0.4 0.1-1.5
Lujan et al.® 2008  Mozambique Rural 835 NAAT 25  1.6-38
Ramijee et al.”’ 2008  Zimbabwe Urban 2455  NAAT 2.0 1.5-2.6
Ramijee et al.”’ 2008  South Africa Urban 2493 NAAT 2.1 1627
Guthrie et al.”® 2009  Kenia Urban 416 NAAT 0 NA
Saleh-Onoya et al.”® 2009  South Africa Urban 100 NAAT I 6.2-19

(continued)
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Table 2. Continued

Author Year Country Setting n Method % 95% ClI
van de Wijgert et al.'® 2009  Zimbabwe Urban 2240  NAAT 22 1.7-29
van de Wijgert et al.'® 2009  Uganda Urban 2199  NAAT 1.8  1.7-2.9
Darj et al."’ 2010  Uganda Both 592 NAAT 47 33-67
Marx et al.¥” 2010  Kenya Urban 441 NAAT 1.6 0.8-32
Mhlongo et al.®’ 2010  South Africa Urban 300 NAAT 14 11-18

Alcaide et al.”! 2012 Zambia Urban 292 NAAT 4 05-3.6
Lewis et al.®* 2012 South Africa Urban 558 NAAT 64 46-88
Onoya et al.” 2012 South Africa Urban 446 NAAT 12 94-16
Guimaries et al.”’ 2013 Angola Urban 246 NAAT 85 56-I3
Singa et al.'® 2013 Kenya Both 1063  NAAT 1.6  0.1-26
Mavedzenge et al.> 2014  Zimbabwe Unclear 131 NAAT 92 53-16
Peters et al.® 2014 South Africa Rural 604 NAAT 10 7.8-13

Female sex workers C. trachomatis

Cohen et al.'"! 2005  Kenya Urban 299 NAAT 80 54-I12
Cowan et al.''? 2005  Zimbabwe Rural 363 NAAT 1.7 0837
Dunkle et al.''? 2005 South Africa Urban 295 NAAT 8.4 5.7-12
Feldblum et al.'"* 2005  Madagascar Urban 901 NAAT 15  12-17

Pépin et al.'® 2005  Ghana Urban 382 NAAT 24 1345
Pépin et al.'?® 2005  Benin Urban 444  NAAT 43  28-66
Alary et al.'%® 2006  Benin Urban 1084 NAAT 47 3.6-6.1
Ahoyo et al.'% 2007  Benin Urban 723 NAAT 60 45-80
Vandepitte et al.'? 2007 DRC Urban 502 NAAT 84 63-II

Ahoyo et al.'” 2009  Benin Urban 620 NAAT 24 1440
Harijaona et al.''® 2009  Madagascar Urban 100 NAAT 12 6.9-20
Vandepitte et al.'' 2011 Uganda Urban 1027  NAAT 9.0 74-11

Veldhuijzen et al.¥’ 2011 Rwanda Urban 396 NAAT 50 3.2-76
Vuylsteke et al.'?? 2012 Cote d'lvoire  Urban 1110 NAAT 52  40-67
Béhanzin et al.'®’ 2013 Benin Urban 613 NAAT 39 26-58
Masese et al.''? 2013  Kenya Urban 865 NAAT 1.9 1.2-3.1
Aho et al.'® 2014 Guinea Urban 223 NAAT 14 9.7-19
Gomih-Alakija et al.''® 2014  Kenya Urban 3499 NAAT 37 2263
N. gonorrhoeae

Mamadou et al.''8 2006  Niger Urban 529  culture 7.0  5.1-95
Chersich et al.'"® 2007  Kenya Urban 677 culture 07 03-17
Harijaona et al.''® 2009  Madagascar Urban 100 culture 27 19-37

lzulla et al.'"” 2013 Kenya Urban 2933 culture 3.1 2.5-3.8
Masese et al.''? 2013 Kenya Urban 865 Both 25  1.6-38
Cowan et al.''? 2005  Zimbabwe Rural 363 NAAT 19 0940
Pépin et al.'*® 2005  Ghana Urban 382 NAAT 12 89-15
Pépin et al.'® 2005  Benin Urban 444  NAAT 20 1624

Feldblum et al.'"* 2005  Madagascar Urban 901 NAAT 22 19-24

Dunkle et al.''? 2005  South Africa Urban 295  NAAT 23 19-29

Cohen et al.'"' 2005  Kenya Urban 299  NAAT 60 3893
Alary et al.'® 2006  Benin Urban 1084 NAAT 46 3.5-6.0
Vandepitte et al.'?? 2007 DRC Urban 502 NAAT 78 58-11

Ahoyo et al.'% 2007  Benin Urban 723 NAAT 20 18-24

Ahoyo et al.'” 2009  Benin Urban 620 NAAT 70 52-93
Vandepitte et al.'?' 2011 Uganda Urban 1027  NAAT 13 11-15

Vuylsteke et al.'?? 2012 Cote d'lvoire  Urban 1110 NAAT 51  4.0-66
Veldhuijzen et al.¥’ 2011  Rwanda Urban 396 NAAT 12 88-I5
Béhanzin et al.'”’ 2013 Benin Urban 613 NAAT 59 43-8.
Aho et al.'® 2014 Guinea Urban 223 NAAT 9.0 59-14
Gomih-Alakija et al.'"® 2014 Kenya Urban 349 NAAT 23 1245
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Table 3. Incidence per 100 woman years of C. trachomatis or N. gonorrhoeae reported in sub-Saharan Africa from 2005 to 2014.

Author Year Country Group Population C. trachomatis N. gonorrhoeae
Kleinschmidt et al.2? 2007 South Africa FP 551 28 9.9
Ramijee et al.” 2008 South Africa PHC 2493 9.5 37
2008 Zimbabwe PHC 2455 33 1.3
van de Wijgert et al.'® 2009 Uganda FP 2199 4. 52
2009 Zimbabwe FP 2240 37 37
Kapiga et al.®' 2009 South Africa Community 479 20 17
Veldhuijzen et al.'** 2013 Rwanda FSWs 396 8.1 12
Masese et al.''? 2013 Kenya FSWs 865 5 NA
Low et al.'¥” 2014 Burkina Faso FSWs 172 0.75 2.8

FSWs: female sex workers; FP: family planning; PHC: primary healthcare clinic; NA: not available; DRC: Democratic Republic of Congo.

gonorrhoea (p=0.018; R*=0.64) with higher HDI was
observed among the community-based studies.

We did not observe an association of genital C. tra-
chomatis infection and HIV prevalence as reported in
the different studies (n=44, p=0.70), but we did
observe an association of N. gonorrhoeae infection
(detected by NAAT) with reported HIV prevalence
(n =40, p <0.0001, R?=0.38).

There was no relation of HIV prevalence estimates
among adults (reported by UNAIDS) with prevalence
of C. trachomatis and N. gonorrhoeae at community
level and at PHC settings per country. Furthermore,
there was no association of HIV prevalence estimates
among FSWs (reported by UNAIDS) with C. tracho-
matis and N. gonorrhoeae infection.

Oral and anal infections

Two studies reported on anal infections among African
women. Rutherford et al.®” observed of 0% prevalence
for anorectal chlamydial infection and 0.45% for ano-
rectal gonorrhoea (detected by PCR) among 280
women in Uganda. No data were reported on receptive
anal intercourse (RAI) and fellatio in this study. A
study from South Africa showed prevalences of 7.1%
and 0.2%, and 2.5% and 0% for anorectal and oro-
pharyngeal Chlamydia and gonorrhoea (detected by
PCR), respectively, among 604 women. RAI was
reported by 26 of these women (4.6%), and fellatio
by 80 women (14%). Neither practice was associated
with genital or rectal infection in that study.

Discussion

This review summarizes data from 102 studies report-
ing on the epidemiology of C. trachomatis and N. gon-
orrhoeae in women, in diverse settings and populations,
in sub-Saharan Africa from 2005 to 2014. These studies
were all conducted in countries with a moderate to high
HIV prevalence and show that these bacterial STIs are
common among women.

We observed a considerable difference in the
number of studies conducted in each sub-Saharan
country with the majority of studies conducted in
South Africa (18%), Tanzania (17%) and Kenya
(12%). Furthermore, the publications that we identified
only represented approximately half of all sub-Saharan
African countries; there were no data points for a con-
siderable number of countries. The limited attention
paid to the epidemiology of chlamydial infection and
gonorrhoea in sub-Saharan African countries is further
reflected by a total of only seven studies reporting on
incidence estimates of C. trachomatis or N. gonorrhoeae
infections between 2005 and 2014. However, although
we included several databases in this analysis, we
cannot rule out existence of (unpublished) reports on
STI prevalence or incidence.

The weighted prevalence of chlamydial infection and
gonorrhoea for women recruited in their community
(3.9% and 2.2%) is in line with the WHO 2005 esti-
mates (3.9% and 2.1%) published in 2008 based on
modelling, although prevalence varied noticeably
among sub-Saharan African countries. The subsequent
WHO 2008 estimates published in 2012 for C. tracho-
matis infection are lower (2.6%) than observed in our
study, but in a similar range for N. gonorrhoeae
(2.3%)."1*® The most recent WHO estimates published
in 2015 are similar for chlamydia (3.7%), but lower for
gonorrhoea (1.7%).'* However, we observed an
higher weighted prevalence among women recruited
at PHC settings in sub-Saharan Africa (6.3% and
4.3%) as compared to WHO estimates and results
from community-based studies. There could be several
reasons for this observed difference. First, publication
bias might have occurred as studies that observe rela-
tively high prevalence are more likely to be published,
contributing to a higher prevalence in our analysis.
Second, the WHO uses case-reporting surveillance sys-
tems in many countries which might underestimate the
burden of asymptomatic infections. Although the
WHO estimates are adjusted for unreported and
undiagnosed cases, the question remains to what
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extent it should be adjusted, especially in case of C.
trachomatis infections. Third, women with symptomat-
ic STIs may be more likely to visit healthcare facilities
for care than those without symptoms. Finally, our
analyses included studies until 2014 whereas the esti-
mates of the WHO are calculated over an earlier refer-
ence period.

Surprisingly, we observed a lower prevalence (5.5%)
of C. trachomatis infection among FSWs and a higher
prevalence of N. gonorrhoeae (7.6%) as compared to
women recruited at PHC settings, but similar to women
in community-based studies. Successful prevention
programmes aimed at this specific population have
been reported in some countries, including Ghana
and Benin, resulting in decreased prevalence of these
bacterial STIs.'”!'%° On the other hand, selection bias
may have played a role in these studies. Sex workers
constitute a key population and it may not be easy to
recruit self-identified sex workers into a research study.
It is not unthinkable that sex workers engaging in the
highest risk behaviour for contracting STIs were not
included in these studies.

The prevalence of C. trachomatis was higher, but
associated with increased N. gonorrhoeae prevalence
in all studies. The WHO prevalence estimates also sug-
gest higher C. trachomatis infection in both 2005 and
2008, although chlamydial infection is suggested to
show a decreasing trend over time while gonorrhoea
is increasing. The strong associations observed in our
analysis could contribute to better surveillance as it
could facilitate prediction of burden of both STIs in
settings where only one of these infections can be
measured.

N. gonorrhoeae prevalence was associated with a
higher HIV prevalence among women overall in studies
included in our analysis, but for C. trachomatis we did
not observe this relationship. Furthermore, at country-
level, neither infection was associated with HIV preva-
lence as reported by UNAIDS (for adults) among
women recruited at the diverse settings. Although it is
biologically plausible that both infections enhance HIV
acquisition and transmission there are several reasons
that could explain the observed lack of association.
First, the data retrieved from studies are fairly hetero-
geneous as study population (and size), country and
location varied, which could have weakened the rela-
tion. Second, we used most recent UNAIDS HIV esti-
mates while study year of many studies was prior to
this date. Third, successful HIV prevention pro-
grammes have succeeded in decreasing the prevalence
of C. trachomatis and N. gonorrhoeae."®'** A last
important reason could be the potential difference in
timeline as one could have become infected with HIV
years ago and have recently become infected or rein-
fected with C. trachomatis or N. gonorrhoeae.

Prevalence of chlamydial infection and gonorrhoea
at community level was higher in sub-Saharan African
countries with relatively higher reported HDI (by
UNDP). We did not observe the same association for
studies of women recruited in PHC settings. Despite
the fact that poverty is associated with increased vul-
nerability for STIs in general, the observation may also
suggest that sexual risk behaviour may be higher in
areas in Africa of relatively higher socio-economic
status, for example through increased alcohol use.
Another explanation could be that these results are
reflecting that countries with higher HDI (e.g. South
Africa) have better resources to educate women at risk
for STIs at the community level and mobilize women
with symptoms or as part of partner notification to be
tested. On the other hand, exposure to specific public
health programmes may possibly have affected this
association, for example mass treatment of trachoma
in some of the countries ranking relatively low on HDI.

There are very limited data on oral and anal infec-
tions in African women; only one study observed con-
siderable anorectal prevalence of C. trachomatis and N.
gonorrhoeae among women visiting a PHC clinic.
Recent studies from Europe show treatment of anal
C. trachomatis and N. gonorrhoeae in women will
likely reduce transmission of these STIs.'*''** As
there are limited data available, more research is war-
ranted to determine the role and burden of these infec-
tions in sub-Saharan Africa.

In line with literature we observed higher prevalence
of N. gonorrhoeae among women recruited at PHC
settings by using NAAT as the detection method com-
pared to culture. This may be explained by logistic and
operational challenges in culturing N. gonorrhoeae, the
bacterial frailty and the known higher sensitivity of
molecular assays.'**'** This observation has implica-
tions for STI control programmes in these settings.
Given lower performance of culture compared to
molecular techniques, studies and health policies
using culture are likely to underestimate the burden
of STlIs.

This study has several limitations. First, there was
considerable heterogeneity of publications included in
this analysis. Study design, sample size, sampling strat-
egy, laboratory method and specimen type used varied
substantially across the included studies. Each of these
studies has its own limitations and risk of bias; the
sampling strategy (e.g. convenience sampling) used in
some studies may have accounted for some of the out-
liers. By using clear inclusion criteria and calculating
prevalence estimates per population group we tried to
limit this limitation. However, heterogeneity of studies
should be taken into account when interpreting our
results. A second limitation was the availability of stud-
ies per country within sub-Saharan Africa as only half
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of the countries had one or more studies available.
Local variations in sexual behaviour might result in
differences between countries in sub-Saharan Africa
that could not be identified due to a limited number
of countries with sufficient data. Third, we did not
include conference abstracts and grey literature in this
evaluation which may have affected the breadth of our
search. Also, our search may have missed a few studies
with STI data embedded as part of a different objec-
tive, e.g. HIV clinical trial, neither can we rule out the
existence of unpublished country-level data. A further
possible limitation is that settings where chlamydial
infection and gonorrhoea are regarded as public
health concerns, and thus more effectively integrated
in healthcare provision, are potentially more likely to
be targeted by epidemiological studies. Likewise, more
studies were conducted in urban than in rural settings.
Finally, publication bias may have occurred in favour
of high-prevalence studies resulting in an overestima-
tion of weighted prevalence in our analysis

The WHO states that an important obstacle to pro-
vision of services for control of STIs at the decision-
making level is that policy-makers give low priority to
control of STIs, which is potentially aggravated by the
stigmatization and prejudice associated with these
infections and limited awareness of the importance of
their impact on health and economic development.'*®
Although STIs other than HIV are not named in either
the Millennium Development Goals or the new
Sustainable Development Goals, they have important
global health priorities on their own, but their impact is
unrecognized.'*’

The Disease Control Priorities Project (DCPP) con-
sidered the diagnosis and treatment of STIs as a
neglected low-cost opportunity to improve health in
sub-Saharan Africa.'*® However, many countries fail
to provide suitable education and services to popula-
tions at risk for STIs.'*® In order to overcome these
obstacles enhanced surveillance of STIs is required in
sub-Saharan Africa in order to stronger advocate the
importance of STI control and facilitate the integration
of STI control measures in existing reproductive health
programmes.

Brief conclusions

e C. trachomatis and N. gonorrhoeae constitute a
major public health problem among women, but
the burden of infection in sub-Saharan Africa is
poorly documented.

e Our overview underlines a relevant prevalence of
genital C. trachomatis and N. gonorrhoeae in
women in diverse settings in sub-Saharan Africa
with geographic differences.

e Only a few studies reported on oral and anal
infections.

e Enhanced surveillance of STIs is required and better
control strategies are warranted to reduce the
burden of infection and prevent long-term compli-
cations of these infections.
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