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Abstract

Background: The World Health Organization (WHO) recommends periodic gonorrhoea prevalence assessments in
the general population or proxies thereof (including pregnant women, women attending family planning clinics,
military recruits, and men undergoing employment physicals for example) and in population groups at increased
risk, including men-who-have-sex-with-men (MSM) and sex workers.

Method: We evaluated reported prevalence data, including estimates from proxy general population samples to
reflect the WHO recommendations. We describe the outcomes from the general population country-by-country
and extend previous reviews to include MSM, sex workers, and extragenital infections.

Result and conclusion: In our systematic search, 2015 titles were reviewed (January 2010-April 2019) and 174 full-
text publications were included. National, population-based prevalence data were identified in only four countries
(the United States of America, the United Kingdom, Peru, New Caledonia) and local population-based estimates
were reported in areas within five countries (China, South Africa, Brazil, Benin, and Malawi). The remaining studies
identified only reported test positivity from non-probability, proxy general population samples. Due to the diversity
of the reviewed studies, detailed comparison across studies was not possible. In MSM, data were identified from 64

sex workers

studies in 25 countries. Rectal infection rates were generally higher than urogenital or pharyngeal infection rates,
where extragenital testing was conducted. Data on sex workers were identified from 41 studies in 23 countries;
rates in female sex workers were high. Current prevalence monitoring was shown to be highly suboptimal
worldwide. Serial prevalence monitoring of critical epidemiological variables, and guidelines to optimize prevalence
study conduct and reporting beyond antenatal settings are recommended.
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Background

Gonorrhoea is a sexually transmitted infection (STI)
caused by Neisseria gonorrhoeae (the gonococcus). In
2016, an estimated 87 million incident cases occurred
among persons aged 15-49 years worldwide with an
incidence rate of 20 cases/1000 women and 26/1000
men [1].
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Gonorrhoea affects the urogenital tract, oropharynx,
rectum, or conjunctiva, and repeat infections are com-
mon. Urogenital infections are often asymptomatic, par-
ticularly in women, but irrespective of symptoms,
gonorrhoea is associated with substantial morbidity. Ser-
ious complications and sequelae include pelvic inflam-
matory disease, chronic pelvic pain, ectopic pregnancy,
and infertility in women [2]. Infection during pregnancy
is also associated with low birth weight and neonatal
conjunctivitis, which can progress to blindness [2, 3]. In
men, gonorrhoea can cause epididymitis [2]. Rectal and
pharyngeal gonorrhoea cases, mostly asymptomatic, are
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prevalent in men-who-have-sex-with-men (MSM), but
can be common also in women and, particularly
pharyngeal infection, in men who have sex only with
women [4]. The presence of gonorrhoea is also a co-fac-
tor in human immunodeficiency virus (HIV) transmis-
sion [5].

Gonorrhoea is substantially underdiagnosed and
underreported worldwide [3]. Even in high-income
economies with well-established STI surveillance sys-
tems, it is estimated that more than half of infections are
unidentified or unreported [6, 7]. This underdiagnosis/
underreporting is higher in less-resourced settings and
settings using syndromic management with limited ac-
cess to state-of-the-art diagnostics such as nucleic acid
amplification tests (NAATSs). Though partially explained
by the asymptomatic nature of the infection, underre-
porting is also due to delays in seeking healthcare and
inaccessible or inadequate STI testing/treatment in
underserved populations or those particularly vulnerable
to infection: adolescents and young people, some ethnic
and racial groups, communities of lower socioeconomic
status, MSM, sex workers, and others [8].

The World Health Organization (WHO)’s global
target is a 90% reduction in gonorrhoea cases by
2030 [9]. To monitor progress towards this goal, STI
trend monitoring at the national level is recom-
mended. This should include routine prevalence as-
sessments (every two to three years) of bacterial STIs
among general populations of men and women (e.g.
including pregnant women, women attending family
planning clinics, military recruits and men undergoing
employment physicals) [3]. Monitoring in high-risk
priority populations including MSM and sex workers
is also recommended [3, 9].

The WHO reports prevalence estimates of curable
non-viral STIs at a global and regional level using epi-
demic models, while recognizing the small number of
prevalence data points that are available to generate reli-
able estimate [1, 3]. Notably, for key population groups
such as MSM and sex workers, who likely contribute
substantially to the worldwide infection burden, gonor-
rhoea prevalence in global estimates is indirectly
accounted for [1] and estimates do not reflect rectal and
pharyngeal infection.

N. gonorrhoeae is progressively developing antimicro-
bial resistance (AMR) to all therapeutic antibiotics, and
the WHO has issued warnings that untreatable gonor-
rhoea may be on the horizon [10]. National prevalence
estimates are an essential indicator of the state of gonor-
rhoea and STI control at state level and globally [3]. In
this review, we aimed to evaluate global prevalence
reporting in the general population, and proxies thereof,
on a country-by-country basis, extending previous re-
views to report on key population groups of MSM and
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female and male sex workers (FSW and MSW), includ-
ing extragenital as well as urogenital infection.

Methods

Search strategy and selection criteria

We conducted a systematic search of PubMed following
PRISMA guidelines (Additional file 1) for papers pub-
lished from 1 January 2010 to 11 April 2019. We derived
a sensitive search strategy requiring at least one medical
subject headings (MeSH) term related to a sexually
transmitted disease (STD) or gonorrhoea and at least
one reference to the keyword ‘gonorrhoea’ in the title or
abstract. We did not specify the population (e.g. MSM,
ESW or MSW), as we noted substantial overlap in
reporting of risk groups and inclusion of terms such as
‘prevalence’, ‘epidemiology’ or ‘rate’ rendered the search
too specific, omitting relevant papers (Additional file 2).
Two authors (JW and VAK) independently screened all
titles and abstracts against pre-specified inclusion and
exclusion criteria (Additional file 3) and agreed on the
selection of articles to be obtained as full text. English-
language abstracts were reviewed but the full text was
translated as necessary, from Portuguese, Spanish, and
Chinese, where relevant. The systematic search was sup-
plemented with an online English-language country-by-
country search of websites, data repositories and surveil-
lance reports of public health and/or governmental
agencies using the country name, and ‘gonorr* or ‘sexu-
ally transmitted’ and ‘disease’ or ‘infection’ to identify
data sources and provide context to prevalence esti-
mates. We reviewed regional and international health
agency data (WHO, European Centre for Disease Pre-
vention and Control [ECDC]) and contacted relevant ex-
perts in the field AMR monitoring, an essential
component of gonorrhoea surveillance [10] and worthy
of a separate review, was beyond the scope of this
search.

Data analysis

The primary outcome (prevalence of gonorrhoea) was
defined as the proportion of persons with laboratory-
confirmed (culture and/or NAAT positive) gonorrhoea
in the population within a specified time. It became ap-
parent early in the literature search that population-
based prevalence estimates were very limited and so to
address the WHO recommendation to derive estimates
from studies which are not necessarily population-based
but nevertheless relevant, we defined a post-hoc second-
ary objective to report test positivity, categorizing these
as proxy general population samples. Data were tabu-
lated by population group (classified as ‘general popula-
tion’, MSM and sex workers) and summarized per
WHO region and country. ‘General population’ samples
were identified according to WHO recommendations, to
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include studies conducted ‘among pregnant women,
women attending family planning clinics, male military
recruits and men undergoing employment physicals’ [3].
These samples served as proxies for the general popula-
tion where population-based sampling was not, or could
not, be conducted. The point estimates reported were
adjusted for diagnostic test performance by applying a
standardization factor for urogenital infection as utilized
by WHO (Additional file 4) [3, 11]. For rectal and
pharyngeal infections, a separate literature review was
undertaken to derive sensitivity and specificity values
(for culture and/or NAAT) and adjustments were ap-
plied in the same manner as for the urogenital samples
(Additional file 4). Due to obvious heterogeneity in study
populations and study designs, widespread inclusion of
non-representative samples and frequent lack of report-
ing of key parameters to judge the study quality, a qual-
ity score was not assigned. Similarly, a meta-analysis
could not be conducted as we were limited in our ability
to appropriately compare studies directly. We did not
calculate a median summary estimate per country be-
cause only a small number of countries had three or
more available estimates. Instead, guided by the princi-
ples of Campbell et al [12], we conducted a narrative
synthesis, presenting the prevalence and test positivity
estimates reported in the context of the source
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population and the type of sampling conducted, rather
than directly comparing estimates. General population
estimates were considered ‘population-based’ and repre-
sentative if participants were sampled from a general
population sampling frame and some form of random
selection was performed. Studies employing other forms
of sampling from proxy general population samples are
labelled as such. As MSM and sex workers are defined
in terms of their sexual behaviour, population-based de-
nominator samples are generally not available. For these
groups, screening and/or enhanced testing is frequently
recommended irrespective of symptom status (and thus
may be more reflective of prevalence). Therefore, studies
conducted at STI clinics and at other venues frequented
by MSM and sex workers were eligible for inclusion, ex-
cepting studies including persons presenting with symp-
toms, which were excluded to minimize bias. The
median sample size and interquartile range were esti-
mated using Excel’s ‘quartile.exc’ function.

Results

Prevalence reporting in the general population

We identified 2015 citations relating to gonorrhoea
‘prevalence’ (Fig. 1), subsequently categorized into (a)
the general population or proxy general population
groups (men, women, and pregnant women separately),
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Fig. 1 PRISMA diagram describing selection of citations reporting gonorrhoea prevalence. Note: Some articles reported outcomes on several of
the populations of interest or provided data for >1 country and therefore the total number of included data points does not amount to 174. n=
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(b) MSM, and (c) FSW and MSW. Following title and
abstract screening, we reviewed 424 full-text publica-
tions, of which 174 addressed the primary or secondary
objective and were eligible for inclusion, reporting data
from the following WHO regions: Africa (n=41), the
Western Pacific (n=41), high-income North America
that is part of the Region of the Americas (n=25), the
Americas excluding high-income North America (n=25),
Europe (n=19), South-East Asia (n=18), and the Eastern
Mediterranean (n=5). The number of countries where
prevalence and/or test positivity estimates were identi-
fied from the general population was limited, with data
points identified from only 18.0% of countries worldwide
(35/194) for women and 9.8% (19/194) for men (Fig. 2).
Prevalence of gonorrhoea in the general population by
WHO region and country is summarized in Table 1 and
test positivity estimates from proxy general population
samples in Table 2.

For several countries, we did not identify prevalence or
test positivity data. The grey literature search led to one
additional estimate [63], but also allowed us to set the
prevalence estimates identified in the context of the ex-
tent of surveillance otherwise ongoing in the country.
To this end, expert consultation led to identification of
surveillance data from three international reporting net-
works (WHO Global, WHO European Regional Office,
and ECDC), and national surveillance data or reports
from an additional seven countries, the United States of
America (USA), Canada, Australia, Singapore, New Zea-
land, Japan, and the Republic of Korea.

Europe

Prevalence data and/or test positivity in general popula-
tion samples were identified in 13.2% (seven out of 53)
of countries in the WHO European region (nine esti-
mates in women, including pregnant women [18, 55—
62], and five in men [18, 56-59]) (Tables 1 and 2). We
identified only one representative, population-based
prevalence study in the United Kingdom (UK) that was
of national scope [18]. These data were derived from the
National Survey of Sexual Attitudes and Lifestyles
(NATSAL) in 2010-2012. A probability sample of 15
162 men and women aged 16—74 years was drawn from
the general population. Gonorrhoea testing was con-
ducted for 2665 women and 1885 men and an overall
prevalence of <0.1% was recorded (Table 1), higher in
women and men aged 20-24 (0.2% and 0.1%, respect-
ively). Data from all other countries represented test
positivity data that were drawn from proxy groups of the
general population, mainly non-probability samples,
drawn from antenatal/obstetric clinics, primary care,
community/youth clinics, with one study in a high
school setting [56]. The median study sample size was
1004 in all women (interquartile range [IQR]: 220-5337)
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and 1236 in men (IQR: 802—6620). In all general popula-
tion studies, NAAT testing conducted on urine (men,
women) or genital fluid (women) was most common;
confirmation by both NAAT and culture was used in
pregnant women in France and Portugal [61, 62]. Data
on both sexes were available in only five studies [18, 56—
59]. One study reported samples from the urogenital
and rectal site in aggregate [57]. All other studies in-
cluded urogenital infection only.

For countries where no prevalence or test positivity es-
timate from the general population was identified, some
degree of surveillance data was discoverable through the
grey literature search. Most European Union (EU)/Euro-
pean Economic Area (EEA) Member States have com-
prehensive surveillance systems and report a national
notification rate annually, except for Germany,
Liechtenstein, Austria (not since 2014), and Greece (not
since 2017) [85, 86]. Belgium, France, and the
Netherlands have sentinel surveillance systems. In coun-
tries outside the EU/EAA region (mostly the eastern
European region), data were less discoverable. In 2017,
countries including Armenia, Azerbaijan, Belarus,
Georgia, Kazakhstan, Kyrgyzstan, Russian Federation,
Turkmenistan, and Uzbekistan reported gonorrhoea
cases to the WHO European Regional Office (M. Dara
and G. Kuchukhidze, personal communication, 24 Feb-
ruary 2019). Indicators included the absolute number of
cases identified, the male to female ratio, and only for
Armenia, the proportion of reported MSM among the
cases. Prevalence data or comprehensive syndromic and
aetiologic case reporting were not otherwise identified in
the wider European region.

High-income North America

In the USA, laboratory-confirmed gonorrhoea is manda-
torily notifiable and data collection is comprehensive,
from diverse clinical settings including STD clinics, la-
boratories, family planning and school-based clinics,
hospitals, emergency rooms, drug treatment centres,
correctional facilities, and the military [87]. The most re-
cent estimate of nationwide population prevalence iden-
tified was from the National Health and Nutrition
Examination Survey (NHANES), a series of cross-sec-
tional, bi-annual household surveys representative in
terms of sex, age and race/ethnicity of the USA civilian,
non-institutionalized population [19]. Between 1999 and
2008, screening for cervical or urethral gonorrhoea was
a study component, and 15 885 persons, aged 14—39
years participated. An extrapolated national prevalence
of 0.3% (95% confidence interval [CI]: 0.1%-0.5%)
among 14-39-year-olds was estimated, higher in women
than in men (Table 1). N. gonorrhoeae testing within
NHANES stopped at the end of 2008 and, in 2009,
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. National population-based "‘

. Local population-based

D Non-population based

D No prevalence of test positivity data identified

Fig. 2 Availability of gonorrhoea prevalence reporting globally. Maps represent the availability of prevalence data in general population samples
worldwide, including pregnant women, women attending family planning clinics, male military recruits, and work-based health screening
programmes and other similar groups. General population estimates were considered ‘national population-based’ or ‘local population-based’ if
participants were sampled from a general population sampling frame and some form of random selection was performed. Studies where
probability sampling was not conducted, and which may not be generalizable beyond the study, are labelled as ‘'non-population based’

gonorrhoea prevalence and notification rates were at an
all-time low in the USA [19].

In terms of non-probability samples, an estimate of
prevalence from a sentinel surveillance population of
young people at elevated risk for gonorrhoea is provided
annually by the Centers for Disease Control and Preven-
tion (CDC), using data from the ‘National Job Training
Program’ (NJTP), a nationwide vocational programme
for socioeconomically disadvantaged youth aged 16 to
24 years who are considered at risk of STIs [63]. Partici-
pants are offered gonorrhoea and chlamydia screening at

programme entry. In 2018, the median state-specific es-
timated gonorrhoea prevalence for programme entrants
aged 16-24 years was 2.2% in women (range 0.4% to
7.6%), and 0.7% in men (range 0.0% to 4.8%) (Table 2)
[63].

In the USA, we identified a further seven test posi-
tivity estimates from proxy general population sam-
ples in women (including one from a chart review of
women screened [64], two studies in high schools [65,
66], and four in pregnant women who are routinely tested
[67-70]) and three data points in men (the same two
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Table 1 Reported population-based prevalence of gonorrhoea in women and men by WHO region and country
WHO region Country  No.of Reference  Years Study Study setting Sampling No. Reported Standardized
data reported population® tested prevalence prevalence
points
WOMEN
Africa Benin 1 Behanzin 2008 Community, Households Cluster 1241 0.60% 0.62%
etal [13] Women random
Malawi 1 Paz-Soldan 2000 Community, Households Multistage 758 3.60% 4.13%
etal. [14] Women cluster
random
South 1 Francis et al.  2016- Community, Annual Stratified 259 1.80% 1.14%
Africa [15] 2017 Women household random
survey
Americas Brazil 1 de Lima 2007- Community, Household- Simple 574 0.70% 0.72%
(excluding high- etal. [16] 2009 Sexually active, based random
income North Women recruitment
America) b )
Peru 1 Carcamo 2002 Community, Household Cluster 6439  0.10% 0.00%
etal [17] Women survey random
Europe UK® 1 Sonnenberg  2010- Community, Natsal-3 Probability 2665  <0.1% 0.10%
et al. [18] 2012 Women respondents
High-income North ~ USA® 1 Torrone 1999— Community, Household Multistage - 0.34%" 037%"
America etal. [19] 2008 Women surveys probability
Western Pacific China 2 Huai et al. 2016 Community, General Multistage 3581 0.14% 0.14%
[20] Women population probability
Luo et al. 2017 Community, Community- Probability 9207  0.17% 0.18%
[21] Women based
recruitment
New 1 Corsenac 2012 Community, Primary care Multistage 376 347% 3.99%
Caledonia et al. [22] Women and public random
(France)® dispensaries
MEN
Africa Benin 1 Behanzin 2008 Community, Households Cluster 1040  030% 0.23%
etal [13] Sexually active, random
Men
Malawi 1 Paz-Soldan 2000 Clinic Households Cluster 469 6.20% 7.94%
et al. [14] attendees, Men random
South 1 Francis et al.  2016- Community, Annual Stratified 188 1.50% 1.82%
Africa [15] 2017 Men household random
survey
Americas Peru® 1 Carcamo 2002 Community, Household Cluster 7486 0.12% 0.02%
(excluding high- etal [17] Men survey random
income North
America)
Europe UK® 1 Sonnenberg  2010- Community, Natsal-3 Probability 1885  <0.1% <0.1%
etal [18] 2012 Men respondents
High-income North ~ USA® 1 Torrone 1999- Community, Household Multistage - -+ (0.27% for men - (0.27% for men
America etal. [19] 2008 men surveys probability and women and women
combined)® combined)®
Western Pacific China 1 Huai et al. 2016 Community, General Multistage 3622 0.03% 0.00%
[20] Men population probability
New 1 Corsenac 2012 Clinic Primary care Multistage 232 3.45% 4.36%
Caledonia et al. [22] attendees, Men  and public random
(France)b dispensaries

*To aid cross-referencing, study populations were categorized to align with SPECTRUM codes [11].

PNationally derived samples.

If the standardized estimate was a negative number, the standardized prevalence was reported at 1 case divided by 100 times the sample size [11].
€15 885 participants aged 14-39 provided a sample. The proportion of men and women participating was not reported separately. The estimate quoted for
women (0.34%) is a weighted estimate. The estimate quoted for men is that for both men and women (0.27%) as men were not reported separately. This

estimate was not standardized.

~=Not reported. No.=number. UK=United Kingdom. USA=Unites States of America. WHO=World Health Organization.

studies in high schools [65, 66] and one study in college
students [81]) that met the inclusion criteria for the sec-
ondary objective (Table 2). There was a wide range in
study sample size and in estimates reported, reflecting

diversity in study participants and settings, and study
population characteristics. Test positivity estimates from
non-probability samples from the two studies in high
schools were identified: one reported the proportion
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positive over almost 8 years (9.0% [3270/36 263] in girls
and 4.1% [1588/39 010] in boys) and another yielded a
combined estimate of 2.4% in girls and boys (Table 2) [65,
66]. No comparison could be made across studies. Where
reported, studies used NAAT testing.

In Canada, no prevalence study or proxy general popu-
lation study was identified. Gonorrhoea is mandatorily
notifiable, and laboratory-confirmed cases are reported
to the Public Health Agency of Canada through the
Canadian Notifiable Disease Surveillance System. Sum-
mary data are published annually by age and sex, and
are available online [88], and a detailed surveillance re-
port is produced every five years.

Americas (excluding high-income North America)
Prevalence and/or test positivity estimates from the gen-
eral population were identified in 18.2% (six out of 33)
of countries in this WHO region excluding the USA and
Canada (12 estimates in women, including pregnant
women [16, 17, 44—53], and four in men [17, 48, 49, 80])
(Tables 1 and 2). One study in Peru could be considered
population-based and of national scope. In this study,
the substantial sample included 13 925 randomly se-
lected 18—29-year-old men and women who were resi-
dent in 24 cities with populations >50 000 people [17].
Additionally, a local population-based study in Brazil,
also urban, was conducted using two-stage sampling of
households and young women in middle size cities in
Central Brazil [16]. The remaining studies were non-
probability samples, mainly from community settings in-
cluding educational facilities, primary healthcare, adoles-
cent health clinics and ANCs. The median study sample
size was 399 in women (IQR: 309-1719) and 371 in men
(IQR: 180-5749). All studies involved NAAT screening
of urine (n=4) [16, 44, 45, 49] and urogenital swab sam-
ples (n=7) [17, 46-48, 50, 51, 53] for women (clinical
specimen not specified, n=1 [52]), and urine (n=3) [17,
48, 49] for men (clinical specimen not specified, n=1
(80]).

From the grey literature search, we identified only
aetiological or syndromic case reporting in adult men
through WHO Global AIDS Monitoring (GAM; known
as Global AIDS Response Progress Reporting prior to
2015) for other countries in the region [3]. No further
prevalence or test positivity data were identified in the
region.

Africa

In the WHO African region, prevalence data and/or test
positivity estimates from the general population were
identified in 25.5% (12 out of 47) of countries (25 esti-
mates in women, including pregnant women [13-15,
23-43], and six in men [13-15, 29, 31, 34]) (Tables 1
and 2). Three of the studies were local population-based,
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derived from household samples, and none were of na-
tional scope. The first was from the urban centre of
Cotonou in Benin, where 2507 subjects aged 15-49
years, from 1070 households sampled from 38 census
areas, participated [13]. In Malawi, another estimate was
derived from a largely rural population from the eastern
lakeside regions of the Mangochi district [14]. Most re-
cently, 1342 young people aged 15-24 years were se-
lected from a ‘health and demographic surveillance site’
sampling frame in rural South Africa [15]. The
remaining studies (Table 2) were derived from non-
probability samples with diverse recruitment sites, in-
cluding antenatal clinic (ANC) settings, schools and uni-
versities, primary healthcare sites, and community-based
recruitment. The median study sample size was 322 in
women (IQR: 200-553) and 422 in men (IQR: 351-755).
Laboratory confirmation was mainly by NAAT on uro-
genital swab samples and, to a lesser extent, on urine for
women; in four studies [23, 24, 30, 40], Gram stain and/
or culture only were used. For men, urine samples were
tested by NAAT in all cases where reported.

In the African region, 43% of countries reported
to WHO in 2013 having STI surveillance systems in
place and 40% had national strategies or plans for
preventing and controlling STIs [89], but beyond
limited reporting of aetiological surveillance among
men and syndromic surveillance in men and
women, we did not identify any further prevalence
reporting in the region.

Western Pacific
Prevalence data and/or test positivity data from the
general population were identified in 22.2% (six out
of 27) of countries and territories in the WHO
Western Pacific region (11 estimates in women, in-
cluding pregnant women [20-22, 73-79], and four
in men [20, 22, 73, 84]) (Tables 1 and 2). There
were three population-based studies. One was of
national scope in New Caledonia [22]. It included
men and women selected during a national three-
stage random sampling of general practice surgeries
and public dispensaries, and the sample was then
weighted to reflect the general population aged 18-
49 vyears. The other two population-based studies
were local in scope and were both in China. In one
study from the Shandong province [20], men and
women were sampled in a complex multi-stage
sampling process based on urban and rural commu-
nities within geographic regions. The second study,
from Shenzhen City [21], included women only and
was designed to be representative of the entire
population in the Nanshan District of the city. Be-
yond these prevalence data, for both men and
test positivity estimates from

women, non-
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probability, proxy general population samples were
derived from a range of study settings including com-
munity settings, primary care, and hospital-based ma-
ternity  clinics/ANCs. One study was in an
occupational group (miners) in men in China [84].
The median study sample size in the region was 765
in women (IQR: 362-3581) and 1290 in men (IQR:
376—4490). In some countries in the region where no
data were identified, gonorrhoea is a notifiable infec-
tion; routine national surveillance is conducted and
opportunistic/risk-based screening and/or testing is
recommended for some population groups (Australia,
New Zealand, and Singapore) [90-92]. Sentinel sur-
veillance is conducted in the Republic of Korea and
in Japan, mostly in urology departments. In both
countries, reported cases per sentinel are low and
have decreased in recent years [93, 94]. GAM data
for men are also notified to WHO from many coun-
tries [3], but no further prevalence data were identi-
fied in the region.

South-East Asia
Among 11 countries in the WHO South-East Asian
region, we did not identify any population-based
prevalence estimates. Test positivity data in general
population samples were identified from 18.2% (two
out of eleven) of countries (two estimates in women,
including pregnant women [71, 72], and two in men
[82, 83]) (Table 2). Non-probability samples from the
general population were community-based in women
in India, hospital-based in young pregnant women
aged <18 vyears in Thailand, and in occupational
groups in men (migrant workers in India and military
conscripts in Thailand). The median study sample
size was 466 in women (range: 121-811) and 1482 in
men (range: 840-2123).

We did not identify further information on gonorrhoea
surveillance in the region, with the exception of GAM
data from some countries [3].

Eastern Mediterranean

We identified non-probability samples in 4.8% (one
out of 21) of countries in the WHO Eastern Medi-
terranean region: a single study in a hospital involv-
ing pregnant women [54] (Iran, n=239; standardized
prevalence: 0.5%) (Table 2). According to the
WHO, ten countries surveyed in 2013 reported hav-
ing an STI surveillance system, four reported con-
ducting aetiological studies, 11 had updated
national STI guidelines or recommendations in
place and nine had a national strategy or action
plan for STI prevention and control [89], but no
further estimates were identified in the region.

Page 13 of 23

Prevalence and test positivity reporting in vulnerable
population groups

Men-who-have-sex-with-men

Prevalence and/or non-probability test positivity data on
gonorrhoea in the MSM population were identified in 64
studies from 25 countries (seven countries in Africa, five
in Europe, two in North America, four in the Americas
[excluding high-income North America], four in the
Western Pacific, and three in South-East Asia) (Fig. 3;
Additional file 5) [95-147]. For 56.0% (14 out of 25) of
countries, data originated from a single study in an urban
setting. In five studies, men testing HIV-positive were ex-
cluded at the outset [96, 119, 124, 148, 149]. HIV status
was reported in five studies with variable HIV-positivity
[98, 100, 103, 115, 127]. Three studies included asymp-
tomatic cases only [120, 131, 150]. Urogenital screening
and/or opportunistic testing (predominantly on urine
samples) was most often performed. An equal proportion
of studies involved recruitment from community settings
or STI clinics, but there was diversity in terms of the pop-
ulations included, including HIV status, which was often
not reported. Both rectal and urogenital sampling were re-
ported in 26 studies; rates of rectal infection were higher
than urogenital rates in 69.2% (n=18) of these studies (Fig.
3). NAAT testing was reported in 22 of these studies, cul-
ture-only testing in two, and culture or NAAT testing in
two. Reported rates of pharyngeal testing from 27 studies
were mostly (51.9%) between 5.0% and 10.0%, 22.2% were
between 1.0% and 5.0%, and 14.8% were >10.0%. Though
variable, on average, the standardized estimate of
pharyngeal infection was similar to urogenital positivity
where reported in the same study.

Sex workers

Data on gonorrhoea prevalence and/or test positivity in
MSW, ESW or both were available from 23 countries
(Table 3), with 38 studies reporting on FSW and six on
MSW. Of 41 unique studies, 14 were conducted in a
clinic setting (including STI clinics, genito-urinary
clinics and outreach clinics) and 13 at commercial sites
(including hotels, brothels, street and residence). The re-
mainder (n=14) were described as community-based or
conducted at other mixed locations. Only urogenital
testing was performed except for one study in China that
also performed pharyngeal testing [184]. Overall, the
median study sample size was 655 in women (IQR: 323—
2165) and 240 in men (IQR: 113-584). The positivity es-
timates ranged from 0.0% (MSW in the Republic of
Korea) to 29.2% (FSW in Indonesia).

Discussion

Gonorrhoea prevalence monitoring is one of four key
components of national STI surveillance programmes
that is recommended by WHO to reduce the burden of
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Fig. 3 Reported prevalence and/or test positivity of urethral (a) and/or rectal (b) gonorrhoea-positive cases in men-who-have-sex-with-men.
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Table 3 Reported gonorrhoea prevalence and/or test positivity in sex workers, by WHO region and country

WHO region Country No. of Reference  Years Study setting® No. Reported prevalence Standardized
data reported tested and/or test estimate
points positivity

WOMEN

Africa Benin 1 Behanzin 2008 Clinic setting 1082 6.20% 5.53%
etal. [151]
Botswana 1 Merrigan 2012 Community-based or 947 10.50% 10.86%
et al. [152] other mixed
locations
Cote 1 Vuylsteke 2007 and  Clinic setting 1110 5.10% 4.40%
d'lvoire et al. [153] 2009
Ethiopia 1 Tadele et al. 2017 Clinic setting 338 3.30% 4.13%
[154]
Guinea 1 Aho et al. 2005- Clinic setting 223 9.00% 840%
[155] 2006
Kenya 1 lzulla etal.  2009- Clinic setting 2933 3.07% 3.84%
[156] 2010
Rwanda 2 Braunstein 2006~ Clinic setting 397 11.60% 11.06%
et al. [157] 2007
Jespers et al. 2010~ Community-based or  30° 7.00% 6.35%
[26] 201 other mixed
locations
Uganda 1 Vandepitte ~ 2008- Community-based or 1025  13.00% 12.49%
et al. [158] 2009 other mixed
locations
Americas (excluding Guatemala 1 Sabido et al.  2008- Commercial site 494 0.80% 0.83%
high-income North [159] 2009
America) - .
Honduras 1 Tinajeros 2006~ Community-based or 950 2.30% 1.54%
et al. [160] 2008 other mixed
locations
Mexico 1 Bazzietal.  2010- Community-based or 212 0.94% 0.98%
[161] 2013 other mixed
locations
Peru 1 Carcamo 2002 Commercial site 4263 1.62% 1.25%
etal [17]
Eastern Mediterranean  Iran 2 Kazerooni 2010 Community-based or 278 1.43% 1.79%
et al. [162] other mixed
locations
Nasirian 2013- Community-based or  99° 9.09% 849%
et al. [163] 2014 other mixed
locations
Pakistan 1 Khanetal. 2007 Commercial site 730 7.50% 6.86%
[164]
Tunisia® 1 Znazen et al. 2007 Clinic setting 188 3.72% 4.66%
[165]
1 Znazen et al. 2007 Clinic setting 188 11.17% 10.62%
(165]
Europe UK 1 Mc Grath- 20M Clinic setting 2534 2.70% 1.95%
Lone et al.
[166]
South-East Asia Bangladesh 2 Haseen et al. 2006- Commercial site 1013 220% 2.27%
[167] 2007
Khanam 2014 Commercial site 700 5.40% 4.71%
et al. [168]
India 2 Das et al. 2008~ Clinic setting 417 14.20% 13.72%

[169] 2008
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WHO region Country No. of Reference  Years Study setting® No. Reported prevalence Standardized
data reported tested and/or test estimate
points positivity

Hemalatha ~ 2005- Community-based or 3223 1.99% 2.05%
et al. [170] 2006 other mixed
locations
Indonesia 5 Bollen et al.  2008- Clinic setting 580 29.31% 29.19%
[171] 2009
Majid et al. ~ 2006— Commercial site 4324 24.60% 24.37%
[172] 2007
Mawu et al. 2008 Commercial site 217 10.60% 10.03%
[173]
Silitonga 1997- Clinic setting 3073 16.69% 20.88%
et al. [174] 2002
Tanudyaya 2005 Community-based or 2500  28.60% 28.46%
et al. [175] other mixed
locations
Western Pacific Cambodia 1 Couture 2007- Community-based or 160 7.80% 8.06%
et al. [176] 2008 other mixed
locations
China 9 Chenetal. 2009 Commercial site 3099 591% 5.23%
[1771
Guo et al. 2010~ Community-based or 609 2.30% 1.54%
[178] 2011 other mixed
locations
Jin et al. 2008 Commercial site 568 8.30% 7.68%
[179]
Luo et al. 2009- Commercial site 2053 8.00% 7.37%
[180] 2012
Remis et al. 2009 Commercial site 750 3.50% 3.62%
[181]
Tang etal. 2009 Commercial site 849 542% 4.73%
[182]
Wong et al. 2007 Clinic setting 503 1.79% 1.01%
[183]
Wong etal.  2012- Community-based or 340 0.90% 0.93%
[184] 2013 other mixed
locations
Zhu et al. 2007 Commercial site 488 1.84% 1.06%
[185]
MEN
Africa Cote 1 Vuylsteke 2007- Clinic setting 96° 12.80% 11.75%
d'lvoire et al. [186] 2008
Americas (excluding Mexico 2 Bazzi et al. 2010~ Community-based or 212¢ 1.42% 1.54%
high-income North [161] 2013 other mixed
America) locations
Galarraga Clinic setting 267 2.26% 2.53%
et al. [187]
Europe UK 1 Mc Grath- 20M Clinic setting 447 17.40%"° 16.33%
Lone et al.
[166]
Western Pacific Korea (Rep. 1 Jung et al. 2008 Community-based or 118 0.00% 0.01%
of) [146] other mixed
locations
Vietnam 1 Goldsamt 2014~ Community-based or 995 10.45% 941%
et al. [188] 2016 other mixed

locations
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Clinic settings included STI clinics, genito-urinary clinics and outreach clinics. Commercial sites included hotels, brothels, street and other residences. The
remainder were community-based or conducted at other mixed locations, or the location was not specified.

If the standardized estimate was a negative number, the standardized prevalence was reported at 1 case divided by 100 times the sample size [11].

I the clinical specimen was specified but not the laboratory test used, or vice versa, the arithmetic mean of the sensitivity and specificity for the laboratory test or

for the clinical specimen, respectively, was used instead [17].

bGiven the rarity of data, this study was included despite a sample size of <100.

“In this study, two separate estimates were generated in the same population - 188 participants were tested by culture and the same 188 participants by NAAT.
4Men included in this study are non-commercial, intimate partners of female sex workers.
This is a period prevalence, defined as the proportion of individuals tested for a sexually transmitted infection in 2011 who experienced an episode of

that infection.

~=Not reported. NAAT=nucleic acid amplification test. No=number. UK=United Kingdom. WHO=World Health Organization.

gonorrhoea infections by 90% between 2018 and 2030
(in addition to case reporting, assessment of the aeti-
ology of STI syndromes, and monitoring of antimicrobial
resistance) [9]. WHO recommends prevalence assess-
ments in the general population every two to three years,
and in key populations such as MSM and sex workers
[3, 9]. From our review, it is clear that substantive preva-
lence data among representative samples of the general
population were seriously lacking on a worldwide basis.
We identified national population-based data from only
four countries (USA [19], UK [18], Peru [17], and New
Caledonia [22]), all pre-dating 2013. Recent local popu-
lation-based data were identified from China [20, 21]
(2016 and 2017) and South Africa [15] (2018), but other-
wise samples used for local population-based estimates
were collected more than 10 years ago (Brazil, Benin,
and Malawi [13, 14, 16]). The majority of the remaining
test positivity estimates were derived from non-probabil-
ity samples from groups that might be considered prox-
ies of the general population, as proposed by WHO [3].
Based on our findings, most studies were conducted
in single centres or discrete geographic regions or
populations. We excluded STI clinic settings to avoid
overestimating the prevalence in general population
samples. As estimates (mainly from proxy general
population groups) tended to be high, albeit with
wide variation in the magnitude and precision of the
estimate, it is highly likely that the risk profile of
proxy populations was also higher than that of the
general population. Even within groups, representa-
tiveness may not always have been similar (e.g. mili-
tary conscripts residing in barracks versus those living
at home). The median study sample size in the Amer-
icas (excluding high-income North America), Africa
and the Eastern Mediterranean was <500 in both men
and women, which further limits generalizability be-
yond the study population in question. Where na-
tional data were available to comment (e.g. USA),
estimates from non-probability samples in defined
younger populations [63, 65, 66] were higher than na-
tionwide population-based estimates [19] or estimates
from older populations [64], further highlighting the need
for continued nationally representative population sam-
pling. Diagnostic testing used varied widely and the sensi-
tivity and specificity of these are an essential factor,

contributing to differences in reported estimates. We stan-
dardized estimates for differences in laboratory methods
(NAAT versus culture) and clinical specimens (urine or
urogenital samples) where reported [3, 11]. For
consistency, we also adjusted for NAAT versus culture on
rectal and pharyngeal samples, based on reported sensitiv-
ities and specificities in the literature and using a similar
standardization procedure, to allow for within-study com-
parison. The specimen and test were not always reported,
but NAAT-based testing was most common.

For most countries, no prevalence estimate or test
positivity estimate from general population groups
was identified. It was clear from our online (English)
grey literature search, that surveillance is ongoing
more widely, as we retrieved surveillance reports from
online national and international data repositories,
syndromic surveillance reports in some countries, and
intermittent summaries of laboratory surveillance in
others. Generally, the quality and quantity of data
identified were highly variable and often neither
timely nor contemporaneous. In the absence of preva-
lence data, low case rates reported in some settings
likely reflect limited testing and restricted availability
of appropriate laboratory diagnostics rather than ac-
tual infection rates. In many African countries, for ex-
ample, prevalence reports (where available) and
syndromic surveillance suggest that the very limited
aetiological reporting substantially underestimates the
true infection burden.

Heterogenous data in MSM were available for only
12.9% (25 out of 194) of countries, mainly single-centre
studies in urban, community-based or STI clinic set-
tings. Most studies performed testing at the urogenital
site. Where both urogenital and extragenital testing were
conducted, rates at rectal sites were typically higher.
However, for modern NAATs no evidence-based con-
sensus exists regarding sensitivity and specificity correc-
tion factors when using other diagnostic methods or
different NAATSs for urogenital and especially extrageni-
tal infections. International evidence-based consensus
regarding these corrections is imperative to develop.
Rates among FSW were often many multiples higher
than general population estimates in women, in coun-
tries where data in both populations were available. Due
to the dearth of data on sex workers in some regions, we
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erred on the side of inclusivity, including small studies
of <100 from Iran for example, where no data were
otherwise available.

Our review had limitations. There were undoubtedly
data from studies not discoverable on PubMed. For ex-
ample, a systematic review from China, which docu-
mented STI risk among MSM [189], included studies
that we could not access through the library systems
available to us. Systematic reviews on a regional basis
with good local knowledge, including in setting and lan-
guage, would be a valuable addition. For many countries,
only one or two data points were identified. Limited data
and marked heterogeneity between studies prohibited us
from conducting a meta-analysis or reporting median es-
timates. Reporting of proportion testing positive was
very diverse in terms of variables reported, degree of
stratification by demographic and other factors (e.g. HIV
status), details regarding diagnostic tests, and anatomic
site, often with statistics omitted where data had clearly
been collected. With improved reporting from diverse
populations, novel methods for synthesizing diverse data
may therefore be required.

Conclusions

Gonorrhoea prevalence is a core indicator to properly
inform gonorrhoea management and control pro-
grammes, international and national guidelines, and pol-
icy documents. Gonorrhoea prevalence monitoring and
reporting is suboptimal or absent in most countries.
Many countries and regions have seen substantial in-
creases in notification rates of gonorrhoea in recent
years [63, 85]. In the absence of serial prevalence data,
however, it is difficult to disentangle how much of this
reflects a true increase in the burden of gonorrhoea or
some degree of improved awareness among groups at in-
creased risk (in particular MSM), more consistent
screening and/or testing, increased availability and use
of NAATSs, and improved (electronic) reporting. Irre-
spectively, among key populations such as MSM and sex
workers, there is a substantial burden of infection where
data are available. To inform STI control programmes at
the national and regional level, and to inform innovative
epidemiologic modelling initiatives such as SPECTRUM
[11] and the Global Burden of Disease [190] that attempt
to quantify and model the global burden, significantly
more data of higher quality are required. There is an ur-
gent need for more resources for researchers to design,
conduct and report prevalence studies in a more consist-
ent, standardized, and quality-assured way. Within coun-
tries, serial prevalence monitoring at intervals, including
assessment and reporting of a minimum set of epi-
demiological variables, should be considered. Our review
showed the need for more testing at extragenital sites,
particularly, but not exclusively, among the MSM
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population. WHO currently provides guidance on the
assessment of gonorrhoea and chlamydia prevalence
among pregnant women at ANCs [191]. This guidance
could be extended beyond the ANC setting. Consistent
adherence to study reporting guidelines (e.g. adapted
STROBE checklists [192] or equivalent), for all re-
searchers is also advised.
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