Chemaitelly et al. BMC Global and

BMC Global and Public Health (2024) 2:56 .
https://doi.org/10.1186/544263-024-00088-9 Public Health

: : : : ®
Epidemiology of gonorrhea in countries el

of the Middle East and North Africa: systematic
review, meta analyses, and meta regressions

Hiam Chemaitelly'?3", Manale Harfouche'?!, Alex Smolak', Rwedah Ageeb'?, Yousra A. Mohamoud',
Ahmed S. Alaama®, Joumana G. Hermez* and Laith J. Abu-Raddad >3

Abstract

Background The epidemiology of Neisseria gonorrhoeae (NG) infection in the Middle East and North Africa (MENA)
region remains poorly understood, despite the global recognition of its disease burden and the growing concern
regarding antimicrobial resistance. This study aimed to systematically review the evidence on NG prevalence in MENA,
estimate the pooled mean prevalence across different populations, and explore population-level associations

with prevalence as well as sources of between-study heterogeneity.

Methods The study conducted a systematic review, risk of bias assessment, meta-analyses, and meta-regressions,
utilizing both published and unpublished evidence sourced from international, regional, and national databases,

in adherence to PRISMA guidelines. Random-effects meta-analyses and meta-regressions were employed to analyze
the data.

Results The study identified 341 NG prevalence measures from 21 countries in MENA. The pooled mean preva-
lence of current urogenital infection was 1.9% (95% confidence interval (Cl) 1.1-2.8%) in the general population,
with a higher pooled prevalence in studies with sample sizes < 200 (3.1%; 95% Cl 1.5-5.0%) compared to those
with sample sizes > 200 (1.19%; 95% Cl 0.5-1.9%). Among specific populations, the pooled prevalence was 6.5% (95%
C14.4-9.0%) in female sex workers, 7.5% (95% Cl 2.8—-14.0%) in attendees of infertility clinics, 3.0% (95% Cl 0.4-7.0%)
in women with miscarriage or ectopic pregnancy, 3.9% (95% Cl 2.7-5.3%) in symptomatic women, and 41.4%
(95% Cl 34.9-48.1%) in symptomatic men. For male sex workers and men who have sex with men, the pooled
prevalence of current urogenital infection was 1.6% (95% Cl 0.4-3.4%), while the prevalence of current anorectal
infection was 10.4% (95% Cl 4.6-18.0%). Through multivariable meta-regressions, 64% of the prevalence variation
was explained, revealing a hierarchical pattern in prevalence by population type and sex, and a prevalence decline
at a rate of 1% per year.
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North Africa

Conclusions NG prevalence in MENA is comparable to the global prevalence, underscoring a neglected and under-
recognized disease burden, with social and economic consequences. Persistent transmission of NG among key popu-
lations and other populations at risk increases the potential for the emergence of new drug-resistant strains. MENA

is far from achieving the World Health Organization’s target of reducing NG incidence by 90% by 2030.
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Background

Gonorrhea, caused by the bacterium Neisseria gonor-
rhoeae (NG), is a common sexually transmitted infec-
tion (STI) [1-3]. NG infects urogenital, anorectal, or
oropharyngeal mucosa [1, 2, 4]. The infection is often
asymptomatic, leading to underdiagnosis and under-
treatment, particularly in women [1, 2, 4]. Untreated
NG can result in complications such as vaginal dis-
charge, bleeding, urethritis, cervicitis, pelvic inflam-
matory disease, ectopic pregnancy, and infertility [1,
2, 5, 6]. The World Health Organization (WHO) esti-
mated 86.9 million new infections worldwide in 2016
[7], with recent data showing increasing incidence in
specific population groups across several countries
[8-10].

The global health concern associated with gonorrhea
has escalated due to widespread gonococcal antimicro-
bial resistance (AMR) and the emergence of extensively
drug-resistant NG strains [11-14]. This includes strains
resistant to extended-spectrum cephalosporins, which
are currently the last line of defense against this infec-
tion [2, 11, 12, 15]. These treatment challenges have
further complicated gonorrhea control efforts. Rec-
ognizing the urgency, the WHO declared gonococcal
AMR a global high priority [16] and launched a global
action plan to control NG transmission [17].

The WHO'’s “Global Health Sector Strategy on STIs”
addresses STIs as a critical public health concern [18].
It aims to reduce NG incidence worldwide by 90%
by 2030 through evidence-based interventions and
improved access to quality services [18]. As stated in
the strategy, the first strategic direction emphasizes
“the need to understand the STI epidemic as a basis
for advocacy, political commitment, national planning,
resource mobilization, and allocation, implementation,
and programme improvement” [19]. Preventing and
controlling gonorrhea spread and gonococcal AMR
is a global health priority, requiring a comprehen-
sive understanding of its epidemiology. The potential
availability of vaccination as an intervention [20-23]
also emphasizes the importance of understanding NG
epidemiology across various population groups. This

knowledge is essential in guiding the targeted deploy-
ment of the vaccine once it becomes available in the
coming years.

Despite the urgency, the Middle East and North Africa
(MENA) region, which accounts for 10% of the world’s
population [24], faces significant challenges with weak
STI surveillance systems, scarce sexual health programs,
and a lack of understanding of NG infection rates and
disease burden [25-31]. In light of this, this study aims
to analyze and quantify the epidemiology of NG in
MENA by (1) systematically reviewing and synthesizing
all available published and unpublished records on NG
prevalence, (2) estimating the pooled mean prevalence
among different populations, and (3) identifying popu-
lation-level associations with prevalence and sources of
between-study heterogeneity.

Both overall (i.e., encompassing the entire sample)
and stratified measures were extracted from the rel-
evant studies included in this review. The objective
was to investigate the natural heterogeneity in NG
epidemiology by stratifying the measures based on
epidemiological factors that influence the infection’s
epidemiology [7, 32-35]. Meta-regression analyses
were conducted on these stratified measures to evalu-
ate the effects of these epidemiological factors on NG
prevalence, explore temporal trends, and identify
sources of between-study heterogeneity. This analyti-
cal approach enables the generation of insights into the
infection’s epidemiology by explaining the underlying
variations in available measures [36].

Methods

Data sources and search strategy

A systematic review of epidemiological evidence on
NG prevalence in MENA was conducted, following the
Cochrane Collaboration’s methods for guidance [37].
The findings were reported in accordance with the
Preferred Reporting Items for Systematic Reviews and
Meta-analyses (PRISMA) guidelines [38, 39], utilizing
the checklist provided in Additional file 1: Table S1.
The literature search was comprehensive and encom-
passed international databases (PubMed and Embase),



Chemaitelly et al. BMC Global and Public Health (2024) 2:56

regional databases (WHO Index Medicus for the East-
ern Mediterranean Region, the Iraqi Academic Sci-
entific Journals’ database, the Scientific Information
Database of Iran, and the PakMediNet of Pakistan), as
well as country-level and international organizations’
reports and records accessible through the MENA
HIV/AIDS Epidemiology Synthesis Project archive [26,
29]. The search covered records up to February 28,
2023.

The search criteria utilized in this study were delib-
erately broad, aiming to cast a wide and inclusive net.
Index terms were expanded to cover all subheadings,
and free text terms were incorporated (Additional file 1:
Table S2). No restrictions were applied regarding lan-
guage or year. The list of countries included in MENA
can be found in Additional file 1: Box S1. The definition
of MENA follows earlier conventions adopted in infec-
tious disease research [28, 29, 40—42], and is based on
the definitions provided by the WHO’s Regional Office
for the Eastern Mediterranean and the Joint United
Nations Programme on HIV/AIDS.

Study selection process and inclusion and exclusion
criteria

The search results were imported into the reference
manager Endnote (Thomson Reuters, USA) for dedu-
plication and screening purposes. Initially, titles and
abstracts were screened to identify relevant and poten-
tially relevant reports. Full texts of these reports were
then retrieved and screened for relevancy. Relevant
reports included those presenting primary data on NG
prevalence in any of the 23 MENA countries (Addi-
tional file 1: Box S1), based on laboratory testing meth-
ods such as nucleic acid amplification test (NAAT)/
polymerase chain reaction (PCR), culture, wet mount,
and gram stain, irrespective of the prevalence values
measured. Excluded reports encompassed NG preva-
lence studies relying on self-reporting, studies involving
fewer than 10 individuals, and investigations focusing
on testing specimens of the upper genital tracts. Case
reports, case series, reviews, editorials, and reports
concerning NG in foreign military personnel stationed
in the region were also excluded. Bibliography screen-
ing of relevant articles and literature reviews was also
conducted manually to identify any additional eligible
reports.

In this article, the term “record” refers to a document
such as an article or public health report that includes
prevalence measures for one or more populations. On
the other hand, the term “study” refers to a specific
prevalence measure conducted in a particular popula-
tion. Duplicate findings from studies were included only
once, prioritizing the more detailed record.
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Data extraction and data synthesis

HC, MH, AS, RA and YM conducted the extraction
and double extraction of overall outcome measures and
their stratifications from the relevant records. Strati-
fied data extraction was performed if the sample size in
each stratum was > 10. The extraction process followed
a pre-piloted list, which can be found in Additional file 1:
Box S2. The stratified data were extracted based on a pre-
determined hierarchy informed by epidemiological rel-
evance and prior knowledge of HIV/STI epidemiology [6,
35, 43, 44]. This hierarchy included factors such as ana-
tomical site/mode of transmission, population type, sex,
year of data collection, and age group.

Population type was classified according to risk of
exposure to NG (Table 1), based on the characteristics
of the population rather than the recruitment study site.
For example, pregnant women attending family planning
clinics (a healthcare-seeking population) were considered
part of the general population because they were seeking
routine care unrelated to NG infection. Any population
attending a clinical setting with indications, symptoms,
or exposures potentially related to NG infection or
any other STIs was not considered part of the general
population.

For studies reporting an overall measure for both men
and women, sex classification was determined based on
the predominant sex in the sample, with a threshold of
over 60%. Studies reporting NG prevalence among chil-
dren below 15 years old were reported but not included
in the subsequent analyses.

Studies that utilized the same assay to test different
biological specimens within a specific population were
included only once. The selection followed a sequential
order, prioritizing NG detection in endocervical swabs
for women, followed by vaginal swabs and urine samples.
For men, the priority order was urethral swabs, followed
by urine and semen samples.

On the other hand, studies that employed different
assays on the same biological specimens were extracted
separately. This approach aimed to evaluate the assay
effect on the heterogeneity of NG prevalence and to
generate adjustment factors [45-47] for estimating NG
prevalence in future mathematical modeling studies that
investigate NG infection and its disease burden.

Precision and risk of bias assessments

All included studies were assessed for precision and risk
of bias (ROB). The precision of each study was classi-
fied as either “low” or “high” based on the sample size
(< 200 participants versus > 200 participants). Informed
by the Cochrane Collaboration approach [37], each
study was categorized as having either “low” or “high”
ROB in two quality domains: sampling methodology
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Table 1 Definitions of population type classifications

1. General populations (populations at low risk): these include populations at low risk of exposure to gonorrhea such as antenatal clinic attendees,
blood donors, and pregnant women, among others.

2. Intermediate-risk populations: these include populations who presumably have frequent sexual contact with populations engaging in high sexual
risk behavior, and have therefore a higher risk of exposure to gonorrhea than the general population. These comprise prisoners, people who inject
drugs, truck drivers, and migrant workers, among others.

3. Female sex workers: these include women who are engaged in sex work, that is the exchange of sex for money (sex work as a profession).

4. Male sex workers and men who have sex with men: these include men who engage in same-sex sexual activities, specifically anal sex, and men who
are engaged in providing sexual services in return for payment.

5. Symptomatic women: these include women with clinical manifestations related to gonorrhea or suspected of having gonorrhea, such as those
with vaginal discharge.

6. Symptomatic men: these include men with clinical manifestations related to gonorrhea or suspected of having gonorrhea, such as those with ure-
thral discharge.

7. Symptomatic mixed sexes: these include populations with undetermined sex with clinical manifestations related to gonorrhea or suspected of hav-
ing gonorrhea, such as those with vaginal discharge or urethral discharge.

8. Infertility clinic attendees: these were included in a separate category given the uncertainty around their risk of exposure to gonorrhea, and the pos-

sible biological link between gonorrhea and infertility.

9. Women with miscarriage or ectopic pregnancy: these were included in a separate category given the uncertainty around their risk of exposure
to gonorrhea, and the possible biological link between gonorrhea and miscarriage or ectopic pregnancy.

10. STl clinic attendees: these include patients attending ST clinics.

11. Individuals living with HIV and individuals in HIV-discordant couples: these include populations who are living with HIV or are in a spousal relation-

ship with an individual living with HIV.

12. Patients with confirmed/suspected STls and related infections: these include populations who are diagnosed with STls or suspected to have con-

comitant STIs or other related infections.

13. Other populations: these include populations not satisfying the above definitions or populations with an undetermined risk of acquiring gonorrhea.

Abbreviations: STI Sexually transmitted infection, H/V Human immunodeficiency virus

(probability-based versus non-probability-based) and
response rate (> 80% response rate versus < 80%). If a
study had missing information for a specific domain, it
was classified as having “unclear” ROB for that domain.
These data were also included in meta-regression analy-
ses to examine their effect on the observed NG preva-
lence, following the methodology used in our previous
studies [35, 41-44, 48].

Meta-analyses

Dersimonian-Laird random-effects models were employed
to conduct meta-analyses [49] for NG prevalence, apply-
ing the Freeman-Tukey double arcsine transformation to
stabilize the variance [50, 51]. Before applying this trans-
formation, its appropriateness for the analysis was evalu-
ated by examining the distribution of study sample sizes
and effect sizes to ensure that these distributions were not
severely skewed, which could potentially introduce bias
[52]. Pooled mean prevalence estimates, along with their
corresponding 95% confidence intervals (CI), were calcu-
lated for each population type based on the anatomical site
and assay type, provided that the stratum contained > 3
measures. Pooled mean prevalence was also estimated by
MENA country and by study precision for urogenital NG
prevalence among general populations, considering the
available number of studies for these populations and the
epidemiological relevance. Forest plots were generated to
visualize the results.

Heterogeneity was assessed using Cochran’s Q statistic
(p value < 0.1) to confirm the existence of heterogeneity
across studies, I* to quantify the magnitude of between-
study variation that is due to true differences in preva-
lence across studies rather than chance, and prediction
interval to estimate the distribution of true prevalence
around the pooled mean [49, 53]. Meta-analyses were
conducted using the statistical computing and data vis-
ualization program R version 4.1.3 [54], utilizing the
“meta” package [55].

Considering the heterogeneity among the prevalence
measures, the pooled means should be interpreted as
average summary measures [36, 44], not definitive esti-
mates of prevalence. The meta-regression analyses
described below investigated and explained the sources
of variation in prevalence measures, considering both
epidemiological factors and study methods.

Meta-regressions

Univariable and multivariable random-effects meta-
regression analyses were conducted on log-trans-
formed prevalence measures to explore the factors
influencing NG prevalence and explain the heterogene-
ity observed between studies in MENA. This approach
aimed to identify potential predictors associated with
higher NG prevalence within the region. The predictors
were selected based on their epidemiological relevance
and prior knowledge of HIV/STI epidemiology [36, 43,
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44, 48], as described in Additional file 1: Box S3. Vari-
ables with a p value < 0.10 in the univariable analysis
were included in the multivariable analysis. Associa-
tions with a p value < 0.05 in the multivariable analysis
were deemed statistically significant.

Missing values for the year of data collection were
imputed using the year of publication data adjusted by
the median difference between the year of publication
and the year of data collection for studies with com-
plete information. Meta-regressions were conducted
using the statistical analysis software Stata/SE version
16 [56], utilizing the “metareg” package [57].

Results

Search results and scope of evidence

The PRISMA study selection process is illustrated in
Fig. 1. The initial search conducted in international
databases (PubMed 367 and Embase 790) identified
1157 records. Regional databases yielded 268 records,
with contributions from the Index Medicus for Eastern
Mediterranean Region (111 records), Iraqi Academic
Scientific Journals Database (25 records), Scien-
tific Information Database of Iran (21 records), and
PakMediNet of Pakistan (111 records).

After removing duplicate records and conducting title
and abstract screening, as well as full-text screening, 181
records were deemed relevant. By screening the MENA
HIV/AIDS Epidemiology Synthesis Project archive,
12 more relevant records were identified [58-69]. By
screening bibliographies of relevant articles and reviews,
an additional 24 relevant records were found [70-93].
Overall, a total of 217 records met the inclusion criteria
for the study.

Among the records that met the inclusion crite-
ria, the extracted NG prevalence measures included
294 overall urogenital measures (348 measures when
stratified by different factors), 10 overall anorectal
measures, 1 overall oropharyngeal measure, 28 overall
measures of unspecified anatomical sites (30 stratified
measures), and 8 overall serological measures.

The evidence covered data from 21 out of the 23
MENA countries. The largest volume of data was
obtained from Iran, with 58 reports including 123
prevalence measures among 32,988 individuals. Iraq
followed with 37 reports including 76 prevalence
measures among 8379 individuals.

Gonorrhea prevalence overview

The overall NG prevalence measures in MENA are sum-
marized in Additional file 1: Table S3 and Table S4, cat-
egorized by anatomical site and population type. The
extracted measures span a wide timeframe, with the
earliest measure published in 1977. Notably, 24.9% of
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the measures (85 measures) were published in 2015 and
onwards.

Among 294 studies reporting urogenital NG prevalence
measures, 13.3% reported zero prevalence. For the 10 ano-
rectal NG prevalence measures, one study reported zero
prevalence. Only one study reported on oropharyngeal NG
prevalence, which was found to be 99.1%, raising concerns
about the validity of the laboratory methods used [94]. The
study had insufficient clarity in its methods making it dif-
ficult to determine the accuracy of the reported prevalence.

Tables 2, 3 and 4 summarize the ranges and medians
of stratified NG prevalence measures by population type,
anatomical site, and assay type. Additional file 1: Table S5
complements this information by reporting prevalence
measures by MENA country and study precision (< 200
participants versus > 200 participants).

Precision and risk of bias assessments

The study-specific precision and ROB assessments are
summarized in Additional file 1: Table S6. Among the
included studies, 189 studies (55.4%) had sample sizes
of < 200 participants, indicating low precision. Mean-
while, 291 studies (85.3%) utilized non-probability-based
(convenience) sampling, particularly those conducted in
clinical settings (Additional file 1: Table S3 and Table S4).
Remarkably, 61.5% of studies focusing on high-risk pop-
ulations, including female sex workers (FSWs), male
sex workers (MSWs), and men who have sex with men
(MSM), employed probability-based sampling methods,
often utilizing respondent-driven sampling.

The response rate was unclear in 158 studies (46.3%),
and 15 studies (4.4%) were identified as having high ROB
in terms of this quality domain. Only 23 studies (6.7%)
demonstrated low ROB in both quality domains, while
none had high ROB in both quality domains.

Pooled mean estimates of gonorrhea prevalence
Pooled mean NG prevalence by population type, anatom-
ical site, and assay type is summarized in Tables 2, 3 and
4. For current urogenital infection, the pooled prevalence
was 1.9% (95% CI 1.1-2.8%) among general populations,
7.5% (95% CI 2.8—14.0%) among infertility clinic attend-
ees, 6.5% (95% CI 4.4-9.0%) among FSWs, 9.0% (95% CI
2.6-18.6%) among STI clinic attendees, 3.9% (95% CI
2.7-5.3%) among symptomatic women, and 41.4% (95%
CI 34.9-48.1%) among symptomatic men. Among MSWs
and MSM, the pooled prevalence for current urogenital
infection was 1.6% (95% CI 0.4—3.4%), and for current
anorectal infection, it was 10.4% (95% CI 4.6—18.0%).
Additional file 1: Table S5 summarizes the pooled
mean urogenital NG prevalence among general popula-
tions, stratified by both MENA country and study preci-
sion. The pooled prevalence exhibited variation across
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)
= 1,157 citations identified through international 268 citations identified through national and regional
% database searching (PubMed=367 and databases searching (Index Medicus for Eastern
= Embase=790) Mediterranean Region=111, Iraqi Academic Scientific
E Journals Database=25, Scientific Information Database of
= Iran=21, and PakMediNet of Pakistan=111)
299 duplicates removed
g
= 1,126 unique citations identified and titles/abstracts screened
2
9
97
670 citations removed after title/abstract screening
456 unique publications retrieved for full text screening
~—
)
275 publications excluded for the following reasons:
12 additional reports identified through °Fu_ll—text did not include data on relevant indicators
screening the MENA HIV/AIDS (n—2.1 7 . .
2 Epidemiology Synthesis Project archives * Studies not taking place in MENA (n=29)
= * Abstract and full-text could not be retrieved (n=15)
= *Duplicate data (n=14)
2 24 additional publications identified
= through screening bibliographies of
relevant publications and reviews
217 publications met inclusion criteria
) }
Measures included in the systematic review and meta-analyses/meta-regressions:
T *294 overall measures yielding 348 stratified measures reporting current urogenital gonorrhea infection
= *10 overall measures reporting current anorectal gonorrhea infection
T=a *1 overall measure reporting current oropharyngeal gonorrhea infection?
= 28 overall measures yielding 30 stratified measures reporting a gonorrhea prevalence with unknown anatomical
site/mode of transmission
J *8 overall measures reporting seroprevalence of gonorrhea infection

Fig. 1 Study selection flowchart for assessing Neisseria gonorrhoeae prevalence in the Middle East and North Africa, compliant with PRISMA

guidelines

Abbreviations: AIDS Acquired immunodeficiency syndrome, HIV Human immunodeficiency virus, MENA Middle East and North Africa, PRISMA

Preferred Reporting Items for Systematic Reviews and Meta-analyses

#The publication reporting this measure has insufficient clarity in its methods, making it difficult to determine the accuracy of the reported

prevalence

MENA countries. Studies with sample sizes of 200 par-
ticipants or more yielded a pooled prevalence of 1.1%
(95% CI: 0.5-1.9%), whereas studies with smaller sample
sizes (< 200 participants) had a higher pooled preva-
lence of 3.1% (95% CI: 1.5-5.0%). Forest plots of the

meta-analyses can be found in Fig. 2 and in Additional
file 1: Figure S1 and Figure S2. Most meta-analyses
demonstrated significant heterogeneity (p value < 0.1),
primarily attributed to true variation in prevalence
rather than chance (12 > 50%) (Tables 2, 3 and 4). This
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Table 2 Results of meta-analyses on studies reporting Neisseria gonorrhoeae prevalence in general populations, intermediate-risk
populations, infertility clinic attendees, women with miscarriage or ectopic pregnancy, and other populations in the Middle East and

North Africa
Population type® Stratified Sample NG prevalence (%) Pooled mean Heterogeneity measures
prevalence size NG prevalence
measures
Total Total Range Median Mean (%) Q° € (%) Prediction
n N (95% Cl) (p value) (95% Cl) interval®
(%)
General populations

Current NAAT/PCR 39 25,592 0.0-300 1.0 1.5(0.7-2.6) 779.8 954 (94.1-96.0) 0.0-11.3
urogenital (p <0.001)
infection Culture 26 8567 00-200 08 10(03-1.9) 1216 794 (70.5-85.7) 0.0-7.3

(p <0.001)

Gram stain 16 6266 0.0-400 34 57 (1.6-11.6) 231.0 93.5(90.9-95.3) 0.0-404
(p <0.001)

Overall 81 40,425 0.0-40.0 1.0 1.9(1.1-2.8) 1,161.5 93.1(92.0- 0.0-14.5
(p <0.001) 94.1)

Unspeci-  NAAT/PCR 3 1415 0.7-1.2 0.9 0.8 (0.4-1.4) 1.1 (p=0.576)  0.0(0.0-89.6) 0.0-6.8
fied/mixed  cyjryre 1 150 - - 20(04-57) - - -
anatomical
site Other/unclear 6 15028  04-50 1.0 1.3(0.2-2.9) 209 (p <0.001) 76.1(46.3-89.3) 0.0-83

assay®
Overall 10 16,593 0.4-5.0 1.0 1.0 (0.4-1.8) 30.8 70.7 (44.1- 0.0-3.8
(p <0.001) 84.7)
Sera Blood tested 3 197 00-20 00 09(0.0-3.2) 081 (p=0667) 00(0.0-896)  0.0-304
for IgG antibod-
ies
Intermediate risk populations

Current NAAT/PCR 10 3151 0.0-3.5 1.0 0.9 (0.4-1.7) 322 (p<0001) 72.1(47.0-853) 0.0-43
ngimta' Culture 3 877 00-00 00 0.0 (0.0-0.2) 0.11 (p=0948) 00(0.0-896)  0.0-56
infection

Other/unclear 1 199 - - 4.5(2.1-84) - - -

assay®

Overall 14 4227 0.0-45 09 0.8 (0.2-1.5) 61.3 78.8 (65.0- 0.0-4.8
(p <0.001) 87.2)

Unspeci- NAAT/PCR 1 400 - - 05(0.1-1.8) - - -
fied/mixed  gyerall 1 400 - - 05(0.1-1.8) - - -
anatomical
site

Infertility clinic attendees

Current NAAT/PCR 15 1740 00-700 20 6.0 (0.7-15.3) 2555 94.5(924-96.0) 0.0-614
urogenital (p <0.001)
infection Culture 16 1768 00-750 4.1 92(23-193) 2113 92.9(90.0-95.0) 0.0-65.3

(p < 0.001)
Overall 31 3508 0.0-75.0 23 7.5(2.8-14.0) 467.8 93.6 (91.9- 0.0-58.6
(p <0.001) 94.9)

Unspeci- Other/unclear 1 373 - - 142(10.8-182) - - -
fied/mixed  assay®
anatomical  gyerall 1 373 - - 142(108- - - -
site 18.2)

Sera Blood tested 1 79 - - 2.5(0.3-88) - - -

for antibodies
Women with miscarriage or ectopic pregnancy

Current NAAT/PCR 4 339 00-76 34 2.8(0.1-8.0) 143 (p=0.002) 79.1(44.1-92.2) 0.0-384
urogenital  cjyre 1 81 - - 37(08-104) - - -
infection

Overall 5 420 0.0-76 3.7 3.0(0.4-7.0) 14.4 72.3(30.3- 0.0-21.6
(p = 0.006) 89.0)
Sera Blood tested 2 90 00-133 6.7 44(1.2-11.0) - - -

for antibodies




Chemaitelly et al. BMC Global and Public Health (2024) 2:56 Page 8 of 20
Table 2 (continued)
Population type? Stratified Sample NG prevalence (%) Pooled mean Heterogeneity measures
prevalence size NG prevalence
measures
Total Total Range Median Mean (%) Q° € (%) Prediction
n N (95% Cl) (p value) (95% Cl) interval®
(%)
Other populations?
Current Culture 1 72 - 14 (0.0-7.5) - - -
urogenital  Gram stain 1 200 - 20(05-50) - - -
infection f
Other/unclear 2 4030 2.7-27 2.7 2.7(22-32) - - -
assay®
Overall 4 4302 14-28 2.2 2.2(1.7-2.7) 0.5(p=0.915) 0.0(0.0-84.7) 1.2-3.3
Sera Blood tested 2 258 23-111 67 35(1.6-6.5) - - -

for antibodies

Abbreviations: Cl Confidence interval, NAAT Nucleic acid amplification test, NG Neisseria gonorrhoeae, PCR Polymerase chain reaction

A minimum of three studies were required to conduct a meta-analysis
Bolded numbers represent overall pooled estimates

@ Population type classification can be found in Table 1

b Q: The Cochran’s Q statistic is a measure assessing the existence of heterogeneity in pooled outcome measures, here NG prevalence

¢ % A measure that assesses the magnitude of between-study variation that is due to actual differences in NG prevalence across studies rather than chance

d prediction interval: A measure that estimates the distribution (95% interval) of true NG prevalence around the estimated mean

€ Other/unclear assay include enzyme immunoassay, indirect hemagglutination, or mixed/unclear testing technique

fTwo prevalence measures are not sufficient to conduct a random-effects meta-analysis. The pooled measure was calculated as the arithmetic mean of the two

measures and their 95% confidence intervals

9 Other populations include populations with an undetermined risk of acquiring NG infection such as victims of sexual assault and mixed populations, among others

observation was further confirmed by wide prediction
intervals, indicating considerable variability in NG prev-
alence across the studies.

Predictors of prevalence and sources of between-study
heterogeneity

To explore potential associations and explain the observed
between-study heterogeneity in urogenital NG prevalence
measures, univariable and multivariable meta-regression
analyses were conducted. The results of these analyses are
presented in Table 5. Two multivariable models were uti-
lized: one with the year of data collection as a categorical
variable and another with it as a linear term. To address
collinearity issues, sensitivity analyses were performed
by including the year of publication instead of the year of
data collection (Additional file 1: Table S7), and by incor-
porating national income instead of the MENA subregion
(Additional file 1: Table S8).

The main analyses and sensitivity analyses produced
similar results, collectively explaining approximately 64%
of the variation in prevalence across the studies. Com-
pared to general populations, the highest prevalence
levels were observed among specific groups, including
symptomatic patients, individuals with confirmed/sus-
pected STIs, individuals living with HIV and individuals

in HIV-discordant couples, attendees of infertility clinics,
and FSWs (Table 5).

Prevalence of urogenital NG was higher in men com-
pared to women and was especially higher among symp-
tomatic men compared to symptomatic women (Table 5).
Evidence suggested subregional variability, with low-
income countries showing lower prevalence rates than
higher-income countries (Additional file 1: Table S8). No
significant differences in prevalence were observed based
on age group. Prevalence declined at a rate of 1% per year.

Regarding the effects of study methods on preva-
lence, a higher prevalence was observed when NG was
tested using Gram stain compared to NAAT or culture
(Table 5). Studies with a response rate < 80% reported
lower prevalence levels than those with a response rate
> 80%. A small-study effect was identified; studies having
a sample size > 200 reported approximately 60% lower
prevalence. Though no statistically significant evidence
was found for differences in prevalence based on the
sampling method, there was a tendency for prevalence to
be lower in non-probability-based samples.

Discussion

Despite the sexually conservative norms and relatively
low levels of viral STIs in MENA [26, 29, 42, 95, 96],
the prevalence of NG in the general population was



Chemaitelly et al. BMC Global and Public Health (2024) 2:56 Page 9 of 20

Table 3 Results of meta-analyses on studies reporting Neisseria gonorrhoeae prevalence in higher-risk populations, ST clinic attendees,
and individuals living with HIV and individuals in HIV-discordant couples in the Middle East and North Africa

Population type® Stratified Sample NG prevalence (%) Pooled mean Heterogeneity measures
prevalence size NG prevalence
measures
Total Total Range Median Mean (%) Q® I (%) Prediction
n N (95% CI) (p value) (95% Cl) interval®
(%)
Female sex workers

Current NAAT/PCR 14 5976 08-123 84 6.0 (3.7-8.9) 2432 (p<0.001) 94.7(925-96.2) 0.0-204
Pf;’g?”ita‘ Culture 466 14-37 26 24(12-42)¢ - - -
infection

Gram stain 6 921 00-166 113 11.4(88-143) 73 (p=0.202) 31.1(0.0-72.0) 6.0-18.1
Overall 22 7363 0.0-16.6 8.4 6.5 (4.4-9.0) 327.7 93.6 (91.5- 0.0-20.9
(p <0.001) 95.1)

Unspecified/ Culture 1 89 - - 11.2(5.5-19.7) - - -
mixedana-  Qyerall 1 89 - - 11.2(55-19.7) - - -
tomical site

Male sex workers and men who have sex with men'

Current NAAT/PCR 12 2680 0.0-88 22 1.6 (0.4-3.4) 81.8(p<0.001) 865(783-91.7) 0.0-11.0
urogenital - gyerall 12 2680  0.0-88 2.1 1.6(0.4-3.4)  81.8(p<0.001) 86.5(78.3- 0.0-11.0
infection 91.7)

Current NAAT/PCR 2145 00-294 111 104 (4.6-18.0) 249.1 (p < 0.001) 96.8(954-97.8) 0.0-44.5
anorectal Overall 9 2145 0.0-29.4 11.1 10.4 (4.6-18.0) 249.1 96.8 (95.4- 0.0-44.5
infection (p < 0.001) 97.8)

Unspecified/ Other/unclear 1 2531 - - 36.1(34.2-380) - - -
mixed ana- assay9d
tomicalsite gyerall 1 2531 - - 36.1(34.2-38.0) - - -

STl clinic attendees

Current NAAT/PCR 4 2313 02-34 0.5 0.8 (0.0-2.3) 182 (p<0.001) 835(582-935) 0.0-13.1
_Uffge_”ita‘ Culture 7912 1.7-441 149 175(46-365) 9969 (p<0.001) 99.6(995-99.7) 0.0-924
infection

Gram stain 2 292 83-246 165 212(16.7-264)¢ - - -
Overall 11 10,517 0.2-441 7.4 9.0 (2.6-18.6) 1,885.2 99.5(99.4- 0.0-57.7
(p <0.001) 99.6)

Unspecified/ Culture 3077 6.0-13.0 67 86 (43-14.2) 453 (p<0.001)  956(90.3-98.0) 0.0-95.0
mixedana-  Other/unclear 4 2626 21-451 252 21.7(59-439)  2558(p<0001) 988(982-99.2) 0.0-100
tomical site assay?

Overall 7 5703 2.1-45.1 13.0 15.5(6.2-28.0) 546.0 98.9 (98.5- 0.0-67.3
(p <0.001) 99.2)
Individuals living with HIV and individuals in HIV-discordant couples

Current NAAT/PCR 4 71 0.0-180 45 44(02-115) 25(p=0474) 0.0 (0.0-84.7) 0.0-22.8
W?ge_”ita‘ Culture 2 41 00-233 117 170(7.1-321)¢ - - -
infection

Overall 6 112 0.0-23.0 45 6.7 (0.9-15.7) 9.4 (p=0.094) 46.8(0.0-78.9) 0.0-36.6

Unspecified/ Culture 2 806 12-63 38 48 (3.5-6.6)¢ - - -

mixedana-  gyerall 2 806 1.2-63 3.8 4.8(3.5-6.6)° - - -

tomical site

Abbreviations: Cl Confidence interval, HIV Human immunodeficiency virus, NAAT Nucleic acid amplification test, NG Neisseria gonorrhoeae, PCR Polymerase chain
reaction, ST/ Sexually transmitted disease

A minimum of three studies were required to conduct a meta-analysis

Bolded numbers represent overall pooled estimates

@ Population type classification can be found in Table 1

b Q: The Cochran’s Q statistic is a measure assessing the existence of heterogeneity in pooled outcome measures, here NG prevalence

© /% A measure that assesses the magnitude of between-study variation that is due to actual differences in NG prevalence across studies rather than chance

9 Prediction interval: A measure that estimates the distribution (95% interval) of true NG prevalence around the estimated mean

€ Two prevalence measures are not sufficient to conduct a random-effects meta-analysis. The pooled measure was calculated as the arithmetic mean of the two
measures and their 95% confidence intervals

fThe majority of studies were on male sex workers, primarily from Pakistan, while a smaller proportion of studies were on men who have sex with men

9 Other/unclear assay include enzyme immunoassay, indirect hemagglutination, or mixed/unclear testing technique
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Table 4 Results of meta-analyses on studies reporting Neisseria gonorrhoeae prevalence in symptomatic populations and patients
with confirmed or suspected STls and related infections in the Middle East and North Africa

Population type® Stratified Sample NG prevalence (%) Pooled mean Heterogeneity measures
prevalence size NG prevalence
measures
Total Total Range Median  Mean (%) Qb %< (%) Prediction
n N (95% Cl) (p value) (95% Cl) intervald
(%)
Symptomatic women

Current NAAT/PCR 30 8008 0.0-30.0 32 4(2.0-5.2) 227.1 (p<0.001) 87.2(82.9-90.5) 0.0-16.1
_“’;’9:-_““3' Culture 27 8633 0.0-25.0 38 3(24-6.7) 466.8 (p<0.001) 944 (929-956)  0.0-216
Infection

Gram stain 14 2028 0.0-38.1 26 3.8(0.8-87) 195.0 (p<0.001) 93.3(90.4-95.3) 0.0-32.2
Wet mount 5 387 0.0-143 53 1(0.0-10.0) 9.6 (p=0.048) 58.3(0.0-84.5) 0.0-31.2
Other/unclear 2 446 0.0-26.0 130 7 (1.4-4.6)f - - -

assay®

Overall 78 19,502 0.0-38.1 3.1 3.9(2.7-5.3) 965.3 (p<0.001) 92.0(90.7-93.2) 0.0-20.5

Current Culture 1 200 - - 1.2(1.1-64) - - -
anorectal Overall 1 200 - - 1.2(1.1-6.4) - - -
infection

Unspecified/  NAAT/PCR 1 441 - - 0.9 (0.2-2.3) - - -
mixed ana- Culture 1 400 - - 192(155-235) - - -
tomical site

Other/unclear 3 447 14-50 4.0 33(13-6.1) 3.6 (p=0.162) 45.1(0.0-83.7) 0.0-54.5

assay®

Overall 5 1288 1.0-19.2 4.0 4.8 (0.8-11.7) 115.8 (p<0.001) 96.5(94.2-98.0) 0.0-42.7
Symptomatic men

Current NAAT/PCR 7 1130 114-63.0 40.0 39.2(27.1-52.1) 76.1 (p<0.001) 924 (86.9-95.6) 44-823
9’?9?”“3' Culture 26 5109 2.0-940 415 6(309-528)  1,6487 (p<0.001) 985(982-987)  0.6-93.1
infection

Gram stain 33 11,003 3.5-96.0 46.0 44.6 (34.9-54.4) 2,2864 (p<0.001)  98.6(98.4-98.8) 1.7-94.1

Other/unclear 3 460 0.6-28.0 26.8 14.9 (0.7-41.4) 89.6 (p<0.001) 97.8 (95.8-98.8) 0.0-100

assay®

Overall 69 17,702 0.6-96.0 43.0 41.4 (34.9-48.1) 4,471.2 98.5(98.3-98.6) 1.6-90.7
(p<0.001)

Unspecified/  NAAT/PCR 1 422 - - 41.7 (36.9-46.6) - - -
mixed ana- Gram stain 1 162 - - 67.3(59.5-744) - - -
tomical site ¢

Overall 2 584 41.6-67.3 545 48.8 (44.7-52.9)' - - -
Symptomatic patients (mixed sexes)

Current NAAT/PCR 1 168 - - 22.6(16.5-29.7) - - -
urogenital Culture 1 95 - - 263(178-363) - - -
infection ¢

Overall 2 263 23.0-26.3 247 23.9(18.9-29.5)" - - -
Patients with confirmed or suspected STlIs and related infections

Current NAAT/PCR 4 335 3.8-96.2 125 29.0 (0.0-79.7) 280.5 (p<0.001) 98.9 (98.4-99.3) 0.0-100
_U'foge_”“a' Culture 7 1174 47-613 217 264(11.1-454) 3157 (p<0001)  98.1(97.3-987)  0.0-912
infection

Gram stain 2 160 55.0-93.7 744 744 (66.9-809) - - -
Overall 13 1669 3.8-96.3 21.7 34.8(16.2-56.2) 835.1(p<0.001) 98.6(98.2-98.9) 0.0-100

Abbreviations: Cl Confidence interval, NAAT Nucleic acid amplification test, NG Neisseria gonorrhoeae, PCR Polymerase chain reaction, ST/ Sexually transmitted infection
A minimum of three studies were required to conduct a meta-analysis

Bolded numbers represent overall pooled estimates

? Population type classification can be found in Table 1

b Q: The Cochran’s Q statistic is a measure assessing the existence of heterogeneity in pooled outcome measures, here NG prevalence

¢ % A measure that assesses the magnitude of between-study variation that is due to actual differences in NG prevalence across studies rather than chance

d prediction interval: A measure that estimates the distribution (95% interval) of true NG prevalence around the estimated mean

€ Other/unclear assay include enzyme immunoassay, indirect hemagglutination, or mixed/unclear testing technique

fTwo prevalence measures are not sufficient to conduct a random-effects meta-analysis. The pooled measure was calculated as the arithmetic mean of the two
measures and their 95% confidence intervals
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Author, Year

assay_name = NAAT/PCR
Abusarah, 2013 0
Ahmadi, 2022 0
Ahmadi, 2022 0
Al-Sweih, 2011 1
Al-Sweih, 2011 1
As'ad, 2004 0
Awad, 2013 3
Bellaji, 2017 2
Chaudry, 2021 1
3
2
2
2!
0
1
1
1

LR

El-Sayed, 2002
El-Sayed, 2002
El-SayedAbdou, 2018
Esteghamati, 2020
Hamzeh, 2016
Hamzeh, 2016
Hamzeh, 2016
Hamzeh, 2016
Hanna, 2020 1
Hassanzadeh, 2013 13
Karim, 2018 149
Karim, 2021 115
Khoder, 2019 17
Latif, 2020 1
Lau, 2021 0
Mahafzah, 2008 4
MOH - Jordan, 2004 1
MOH - Morocco, 2001 2
MOH - Morocco, 2001 7
Mir, 2009 2
Mortazavi, 2021 5
Motamedifar, 2020 1
Nateghi Rostami, 2017 8
3
0
1
8
2
0
1
1

Pourabbas, 2018

Rashidi, 2009

Sameni, 2022

WHO, 2005a 3
WHO, 2005a

Al-Muharmi, 2022

Al-Muharmi, 2022

Common effect model 53
Random effects model

Heterogeneity: 2= 95%, Xga =779.84 (p <0.01)

assay_name = Culture
Abdollahiyan, 2005
Abdollahiyan, 2005
Abdollahiyan, 2005
Abdollahiyan, 2005
Al-Haddad, 2005
Al-Mousawi, 2006
Alzahrani, 2010

Anwar, 2000
Azizmohammadi, 2016
Azizmohammadi, 2016
Azizmohammadi, 2016
Azizmohammadi, 2016
Baghchesaraei, 2011
Dezfulimanesh, 2005
Dezfulimanesh, 2005
Hassan, 2005
Hassanzadeh, 2013
Ismail, 1990

Ismail, 1990

Kafi, 2000

Khalil, 2012

MOH - Iran, 2008
MOH - Iran, 2008
Nateghi Rostami, 2017
Ortashi, 2004
Shaaban, 1994
Common effect model 8
Random effects model

Heterogeneity: /> = 79%, 735 = 121.61 (p < 0.01)

B2 WWNN 2T WO00O0 22 WO 22 PWOONOOO =

assay_name = Gram stain microscopy
Ahmadnia, 2016 26
Al-joubori, 2003 24
Al-joubori, 2003 3
Al-joubori, 2003 9
Al-joubori, 2003 12
Al-joubori, 2003 12
Al-joubori, 2003 4
Al-joubori, 2003 6
Al-joubori, 2003 12
Al-Omar, 2005 0
Anwer, 2001 0
Deeb, 2003 0
Farhan, 2022 0
Farhan, 2022 1
Kafi, 2000 4
Khalil, 2012 4
Common effect model 17
Random effects model

Heterogeneity: %= 94%, X%s =231.05 (p <0.01)

s

Common effect model 731
Random effects model

Prediction interval

Heterogeneity: /° = 93%, 75, = 1161.45 (p < 0.01)

Gonorrhea positive Sample size

40425

Events per 100
observations
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Fig. 2 Forest plot of pooled mean prevalence of Neisseria gonorrhoeae in urogenital specimens among general populations in the Middle East

and North Africa

Abbreviations: NAAT Nucleic acid amplification test, PCR Polymerase chain reaction
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unexpectedly high at 1.9%. This prevalence level was
higher than the global average at 0.8% but with overlap-
ping 95% CIs [7]. The elevated NG prevalence aligns with
the higher-than-expected prevalence of chlamydia [44],
trichomoniasis [97], and syphilis [98] recently observed
in the region. These findings suggest a significant but
often overlooked bacterial and other curable STI disease
burden in MENA, which may have substantial social and
economic implications, particularly in the absence of
adequate sexual health and STI programs [25-31]. Evi-
dence suggests a decline in prevalence, albeit at a slow
pace of approximately 1% per year. This rate of decline is
far below what is sufficient to meet the WHO’s target of
reducing NG incidence by 90% by 2030.

The elevated NG prevalence suggests the presence of
active transmission networks for NG and other STIs, but
it may not necessarily indicate elevated levels of risky
sexual behaviors. Rather, it could be attributed, in part,
to inadequate access to and utilization of STT services.
MENA faces limited capacity in terms of STI prevention
and treatment [25-31]. Similar observations elsewhere
have shown that limited bacterial STI diagnosis and spe-
cific treatment can lead to unusually high prevalence
rates [99-101]. This is particularly relevant consider-
ing that NG infection is often asymptomatic, and if left
untreated, can result in prolonged shedding, increasing
the potential for transmission within the population.

Similar to chlamydia in MENA [44], the prevalence of
NG was three times higher among attendees of infertil-
ity clinics and twice as high among women with miscar-
riages or ectopic pregnancies, compared to the general
population. However, the latter effect size did not reach
statistical significance, perhaps because of the relatively
small number of studies. This contrasts with developed
regions like Europe, where infection rates among infer-
tility clinic attendees are similar to those in the general
population [6, 35].

MENA has been reported to have the highest rate of
primary infertility globally, a phenomenon that is not yet
adequately understood [102]. In a cultural context where
infertility has important socio-cultural consequences
for women and their families [103, 104], it is plausible
to consider NG infection as a poorly recognized cause
of infertility in this region [105—-108]. While the conse-
quences of this mostly asymptomatic infection among
women [4] may not be readily apparent, its impact on
reproductive health outcomes could be visible, even if
not explicitly linked to the underlying cause [44]. How-
ever, distinguishing the specific role of gonorrhea from
that of chlamydia or other factors in different reproduc-
tive outcomes remains challenging [6, 109, 110].

The prevalence of NG infection followed a hier-
archical pattern, with higher rates observed in

Page 15 of 20

higher-risk populations, such as FSWs, aligning with
patterns seen in other STIs [28, 36, 42, 44, 111]. NG
infection is often associated with recent risky sex [3,
32, 112], including frequent turnover in sexual part-
nerships and engagement in transactional sex [3, 4,
33, 34, 113, 114]. These findings suggest the existence
of cores of risky sexual behaviors that are able to sus-
tain NG transmission. This is further supported by
data from MENA, which indicate the common occur-
rence of payment for sex among STI clinic attendees
[115, 116], as well as considerable levels of sexual risk
behavior among key populations [28, 43, 117, 118],
where emerging and growing HIV epidemics are also
observed [28, 43, 117-119]. These findings under-
score the importance of understanding sexual behav-
ior and sexual networks in both key populations and
the general population in this region.

The prevalence of anorectal NG among MSWs and
MSM was found to be high, at approximately 10%. This
finding confirms that these populations are at a height-
ened risk of infection. However, only nine studies were
available for this specific anatomical site within these
specific populations, and they were conducted exclu-
sively in Pakistan and Morocco. Therefore, these find-
ings may not be representative of the broader MENA
region.

As anticipated, the prevalence of NG infection was
high among symptomatic individuals, especially men,
and those with suspected exposure to STIs. This observa-
tion aligns with a more symptomatic course of NG infec-
tion in men [105, 120] and emphasizes the significant role
of NG in causing urethritis in MENA. These findings also
underscore the importance of conducting gonococcal
AMR surveillance, particularly considering the limited
evidence available on this global priority in this region
[121-123].

This study is subject to limitations. The quality and
quantity of available data varied across countries, popula-
tion types, and anatomical sites. Data was not found for
Qatar and Syria, and only limited data was available for
Afghanistan, Algeria, Libya, and Palestine. There was a
scarcity of data regarding anorectal and oropharyngeal
NG infections. The majority of identified studies focused
on reporting measures for urogenital NG infection
among general populations, symptomatic women, and
symptomatic men. Conversely, only a small proportion
of studies examined key populations such as FSWs and
MSM, who are most affected by NG infection.

NG exhibits a low prevalence in general populations
worldwide [7, 35]. With a global prevalence estimated at
only 0.8% [7], fewer than one in every 100 tests will detect
a positive case. Consequently, studies with relatively
small sample sizes often fail to detect any infections due
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to sampling variation. Among studies reporting urogeni-
tal NG prevalence in MENA, 13.3% reported zero preva-
lence, often because of insufficient sample sizes to detect
such a low-prevalence infection. Notably, about half of
the studies included fewer than 200 participants, high-
lighting the critical need for large sample sizes to accu-
rately measure NG prevalence in general populations.

However, by pooling studies through the meta-analyses
in this work, the limitation of inadequate sample size is
partly mitigated by leveraging the collective statistical
power of a large meta-analysis sample size, which com-
bines the sample sizes of the individual studies. Further-
more, the meta-regression analyses quantified the effect
of sample size on observed prevalence and revealed a
small study effect. Specifically, studies with a sample size
of 200 or more reported prevalences approximately 60%
lower than those of smaller studies. This finding is likely
due to publication bias, where studies reporting zero or
very low prevalence are less likely to be published than
those reporting higher prevalence.

While this study identified a substantial volume of
data, caution is warranted when interpreting the find-
ings. Heterogeneity in prevalence was observed across
the analyzed studies; however, most of this heterogeneity
was subsequently explained by epidemiological factors or
study methods through meta-regression analyses. Vari-
ations were observed in assay types, sampling methods,
and response rates among the studies. These factors were
found to be associated with the reported prevalence,
indicating methodological limitations in the available
studies. The use of diagnostic assays varied over time, and
convenience sampling was predominantly used instead of
probability-based sampling.

Studies with lower-quality methods tended to report
higher NG prevalence, while studies of higher-qual-
ity methods reported lower prevalence. Some stud-
ies reported unusually high values even in populations
presumed to have a low risk of infection, suggesting
the presence of unreported bias in sample recruitment
or potential unidentified issues in laboratory methods.
Inadequate descriptions of factors such as response rate,
sampling method, or laboratory methods were observed
among the studies. These limitations indicate that the
findings may not fully capture the true prevalence and
distribution of NG infections across MENA, and the
reported pooled measures may overestimate the true NG
prevalence.

These limitations highlight the need for improved
study methods in investigating gonorrhea and other
STIs in MENA. Implementing high-quality, population-
based studies that employ probability-based sampling
techniques, standardized protocols, and sensitive and
specific diagnostic assays is critical to overcoming these
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limitations. Such improvements are essential to obtain
a more representative picture of NG epidemiology in
MENA.

Despite the limitations, the study identified a substan-
tial volume of data, including published and unpublished
sources, providing a detailed investigation of NG epide-
miology in MENA for the first time. The study’s diverse
results and analytics shed light on NG epidemiology in
various populations and settings. The findings inform the
development and expansion of STI and sexual health pro-
grams, inform gonococcal AMR surveillance, and iden-
tify priority populations for NG vaccination in MENA.

Conclusions

In conclusion, NG prevalence in MENA is comparable
to the global average prevalence, highlighting a neglected
and underrecognized disease burden with potential social
and economic implications. Urgent action is needed to
address NG transmission and disease burden in MENA,
as the current response falls far short of the WHO’s
Global Health Sector Strategy on STIs. Lingering STI
stigma, along with political and socio-cultural sensitivi-
ties, hampers progress in establishing an inclusive pub-
lic health agenda and supportive environment for sexual
health. To confront the STI burden effectively, targeted,
culturally sensitive, and gender-specific programs must
be developed. Integrating STIs with established HIV
surveillance programs for key populations in the region
[124, 125] is a practical approach that merits considera-
tion [126—128]. The urgency of accelerating NG vaccine
development is underscored by the findings, as the vac-
cine may provide a fundamental solution to address this
infection and its drug resistance in MENA and beyond.
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