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Objectives: Limited antimicrobial resistance (AMR) surveillance coupled with syndromic management of sexu-
ally transmitted infections (STIs) in sub-Saharan Africa (SSA) could be contributing to an increase in AMR in the
region. This systematic review aimed to synthesize data on the prevalence of AMR in common STIs in SSA and
identify some research gaps that exist.

Methods: We searched three electronic databases for studies published between 1 January 2000 and 26 May
2020. We screened the titles and abstracts for studies that potentially contained data on AMR in SSA. Then we
reviewed the full text of these studies to identify articles that reported data on the prevalence of AMR inNeisseria
gonorrhoeae, Chlamydia trachomatis, Trichomonas vaginalis and Mycoplasma genitalium in SSA. We summar-
ized the data using a narrative synthesis.

Results: The 40 included studies reported on AMR data from 7961 N. gonorrhoeae isolates from 15 countries in
SSA and 350 M. genitalium specimens from South Africa. All four SSA regions reported very high rates of cipro-
floxacin, tetracycline and penicillin resistance in N. gonorrhoeae. Resistance to cefixime or ceftriaxone was ob-
served in all regions except West Africa. Azithromycin resistance, recommended as part of dual therapy with an
extended-spectrum cephalosporin for gonorrhoea, was reported in all the regions. Both macrolide and fluoro-
quinolone-associated resistance were reported in M. genitalium in South Africa. Studies investigating AMR in C.
trachomatis and T. vaginalis were not identified.

Conclusions: There is a need to strengthen AMR surveillance in SSA for prompt investigation and notification of
drug resistance in STIs.

Introduction
In 2016, the WHO estimated 376 million new infections globally
with anyof four sexually transmitted infections (STIs): chlamydia,
gonorrhoea, syphilis and trichomoniasis. Daily, over 1million new
cases were recorded, with chlamydia as the commonest bacter-
ial STI, although the majority of infections were attributed to
trichomoniasis.1 Research into STIs is a relatively neglected
area, despite the high global burden.

Low- and middle-income countries are disproportionately af-
fected by STIs and have less developed laboratory infrastructure
for the diagnosis and treatment of STIs. Furthermore, a lack of
cheap point-of-care (POC) tests to diagnose STIsmakes it difficult

to implement a diagnostic approach. Consequently, symptomatic
STIs are treated using the syndromic approach (presumptive
treatment of those presentingwith symptomswithout laboratory
diagnosis). However, syndromic treatment has poor specificity,
resulting in overuse of antibiotics, which could be fuelling the in-
crease in antimicrobial resistance (AMR).2,3 Furthermore, thema-
jority of STIs are asymptomatic, especially in women,4 and
typically go unnoticed and therefore are untreated. Hence, the
syndromic approach creates both an over- and under-treatment
paradox. Women bear the brunt of the complications of untreat-
ed STIs, including pelvic inflammatory disease, chronic pelvic
pain, tubal factor infertility and pregnancy complications such
as ectopic pregnancy, fetal or neonatal death, premature delivery
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and neonatal pneumonitis. STIs also increase HIV transmission
and acquisition.5–7 Mycoplasma genitalium, a sexually transmit-
ted pathogen that has been relatively neglected until recently,
is also implicated in reproductive morbidity in women8,9 and
HIV acquisition and transmission.10,11

The WHO Global Health Sector Strategy on STIs (2016–2021)12

envisions that, by2030, ratesof congenital syphiliswill have reduced
to,50 cases per 100000 live births in 80% of countries and the in-
cidence of syphilis and gonorrhoea will have fallen by 90% globally
between 2018 and 2030. However, the high global prevalence of
Neisseria gonorrhoeae resistant to nearly all relevant antimicrobials
previously and currently widely available for treatment, including
sulphonamides, penicillins, tetracyclines, quinolones, early gener-
ation macrolides and cephalosporins threatens the achievement
of these targetsandunderscores thecriticalneed fornewantimicro-
bial agents with activity against N. gonorrhoeae.5

Treatment guidelines should be informed by up-to-date, local
and quality-assured surveillance efforts. More than 60 countries
participate in the WHO Global Gonococcal Antimicrobial
Surveillance Program (GASP), a worldwide laboratory network,
which seeks tomonitor resistance andprovide data to inform treat-
ment guidelines.1 One of the challenges of the programme is the
variability inhowcountriesundertakesurveillanceandsusceptibility
testing and how results are interpreted and reported to WHO.

Of the 47 countries in the WHO African region, only South
Africa, Malawi, Ghana and Madagascar reported data to the
WHO on monitoring outcome on gonorrhoea AMR in 2016, des-
pite this region having one of the highest gonorrhoea burdens
globally.1 Furthermore, there are limited data on AMR in STIs, in-
cluding emerging STIs of clinical significance such as M. genita-
lium in the African region. This systematic review aims to
undertake a narrative synthesis on the prevalence of AMR in N.
gonorrhoeae, Chlamydia trachomatis, M. genitalium and
Trichomonas vaginalis in sub-Saharan Africa (SSA) to identify
some research gaps that may require further investigation.
However, the review only identified studies that describe AMR
in N. gonorrhoeae and M. genitalium.

Methods
Search strategy and study selection
This systematic review is reported according to the International
Prospective Register of Systematic Reviews, with protocol number
PROSPERO 2020 CRD42020197909. The search strategy was developed
by four study authors (C.I., S.M., D.P. and P.S.) and was executed by P.S.
on 26 May 2020 using the following search terms: (AMR OR antimicrobial
resistance OR resistance) AND (Sexually transmitted infection OR sexually
transmitted disease OR STI* OR STD* OR gonorrhoea OR chlamydia OR tri-
chomon* OR mycoplasma genitalium) AND (Genital infections OR repro-
ductive tract infection) AND (Sub-Saharan Africa). P.S. searched three
electronic databases for published literature: PubMed, Web of Science
and Embase. The search included studies published between 1 January
2000 and 26 May 2020. The identified articles were imported into
Mendeley reference management software, which was accessible to
study authors (S.M., C.I., D.P. and P.S.).

Using Mendeley we removed duplicates using the automated ‘Check
for Duplicates’ function. We employed a three-step screening process,
which commenced with an initial title screening, followed by an eligibility
assessment of abstracts from the selected titles. Full-text articles of se-
lected abstracts were then reviewed.

Screening was based on our inclusion criteria, which covered STI stud-
ies conducted in SSA amongst individuals aged 16 years and above, pub-
lished in English, reporting on prevalence of AMR in the STIs of interest
and published between 2000 and 2020. For multicountry studies, we
only extracted data specific to SSA. We included studies that investigated
AMR in more than 20 samples and were either cross-sectional, cohort,
randomized controlled trials or surveillance in design. These were either
prevalence studies or sets of laboratory-collected specimens. We ex-
cluded case reports, case–control studies, reviews, commentaries and
editorials. We also did not search conference abstracts.

After the title screen, four study authors (C.I., S.M., D.P. and P.S.) inde-
pendently screened the abstracts of identified articles for eligibility using
a standardized data extraction table. Any discrepancies between identi-
fied articles were discussed amongst the four authors until an agreement
was reached. We obtained the full text of the remaining articles and C.I.,
S.M. and D.P. independently screened them for eligibility and used the
same process described above to resolve discrepancies. The final set of
articles meeting our inclusion criteria were summarized by C.I., S.M.
and D.P. in tables that had information on authors, study setting, study
population, sampling year, study region, STI prevalence and AMR preva-
lence. Not all the studies reported on STI prevalence.

Quality assessment
We used an adaptation of the Critical Appraisal Skills Programme quality
assessment tool to assess the quality of the included studies.13 The cri-
teria addressed the following questions: (i) Did the study address a clearly
focused issue? (ii) Were the participants recruited in an acceptable way?
and (iii) Was the outcome accurately measured tominimize bias? The po-
tential responses selected for each of the questions were either ‘yes’, ‘no’,
or ‘unclear’. Studies with ‘yes’ responses to all the questions were cate-
gorized as low risk of bias, whilst those in which any of the responses to
the questions was either ‘no’ or ‘unclear’ were categorized as being at
risk of bias (Table S1, available as Supplementary data at JAC Online).

Data synthesis and statistical analysis
We undertook a narrative synthesis of the included studies. The hetero-
geneity in study design and the different methods for performing anti-
microbial susceptibility testing meant it was inappropriate to undertake
statistical pooling of the data over time.

Results
Our initial search produced 263 articles, of which 62 were identi-
fied as duplicates. After screening the titles of the remaining 201
articles, we excluded another 105 articles whose titles were ei-
ther not related to the subject of interest, or indicated they
were reviews. We screened the abstracts of the remaining 96 ar-
ticles and excluded a further 28 articles. Sixty-eight full-text arti-
cles were reviewed and 40 satisfied all inclusion criteria and
contributed results to this systematic review (Figure 1).

These 40 studies includedAMRdata from7961N. gonorrhoeae
isolates from15 countries in SSA (Tables 1–4). Themedian sample
size of N. gonorrhoeae isolates amongst the included studies was
139 (IQR 55–235; range 21–443). There were 350 M. genitalium-
positive specimens examined for AMR and all were from South
Africa. The median sample size of M. genitalium specimens
amongst included studies was 43 (three studies; sample sizes
41, 43 and 266). The largest proportion of studies represented,
15/40 (38%), was from South Africa. Our review did not find any
studies investigating AMR in C. trachomatis and T. vaginalis.
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Regional AMR patterns

Southern Africa

Twenty-one studies reported on AMR in the Southern Africa re-
gion;14–34 of which 15 were from South Africa,15,17–22,26–32,34 3
from Zimbabwe,23,25,33 2 from Malawi16,24 and 1 from
Mozambique.14

Amongst the included studies,N. gonorrhoeae resistance to ci-
profloxacin was first reported in 1999 in South Africa34 but a
follow-up study 1 year later in the same province but a different
city did not show any resistance.18 All the other South African
studies reported ciprofloxacin resistance exceeding
5%.15,19,22,28,29,31,32 In two studies reporting a trend in cipro-
floxacin resistance, there was an increase from 22% in 2003 to
42% in 200519 in one study and an increase from 25% in 2008
to 69% in 2016 in the other study32 (Table 5). Two of the three
studies from Zimbabwe examined ciprofloxacin resistance,
with both studies reporting resistance of .5%.23,33 No
ciprofloxacin resistance was observed in samples from 2005 in
the only included study fromMozambique.14 Of the two included
studies from Malawi, one reported ciprofloxacin resistance in
N. gonorrhoeae of 6.1% from samples taken in 2000–01;24 how-
ever, a later study from a different region in Malawi did not ob-
serve ciprofloxacin resistance in N. gonorrhoeae.16

N. gonorrhoeae resistance to penicillin of 15% was first
reported in South Africa in 1995, doubling to 30% in 1997

(P=0.02) and remaining at about 30% until study end in
1999–2000.27 Over the same time period, high-level resistance
to tetracycline increased from 3% in 1997 to 51% in 1998–99
(P,0.001).27 This was corroborated by other studies in South
Africa that examined N. gonorrhoeae resistance to penicil-
lin17,22,28,29,32 and tetracycline.17,18,22,26–29,32 The study by
Kularatne et al.32 showed a statistically significant increase in
penicillin and tetracycline resistance from 2008 to 2016
(Table 5). The studies from Zimbabwe did not investigate penicil-
lin and tetracycline resistance.23,25,33

N. gonorrhoeae resistance to extended-spectrum cephalos-
porins (ESCs) such as cefixime or ceftriaxone was low. Cefixime
resistance of 1% was reported in Malawi in 200716 and South
Africa in 2014.22 Ceftriaxone-resistant gonorrhoea was not ob-
served in nine studies that investigated this in samples from
1995 to 2017.14,15,22,23,25,27,28,32,33

Two South African studies examined azithromycin resist-
ance.22,32 The study fromKwaZulu-Natal reported azithromycin re-
sistance of 68% in isolates from 2014,22 while the other in
Johannesburg, which examined the trend of resistance from 2008
to 2017, only observed full resistance of 4.3% in N. gonorrhoeae
from isolatesanalysed in2008.32However, theobserved intermedi-
ate resistance to azithromycin decreased from 9.4% (22/233) in
2008 to 2.5% (3/122) in 2017, with no apparent MIC creep.32

Four studies reported on N. gonorrhoeae resistance to spec-
tinomycin: two from Malawi16,24 and two from South
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Figure 1. PRISMA diagram of the article selection procedures for articles published between 1 January 2000 and 26 May 2020. This figure appears in
colour in the online version of JAC and in black and white in the print version of JAC.
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Africa.28,32 In Malawi, spectinomycin resistance was reported as
11% and 0% in 200124 and 2007, respectively.16 In South
Africa, spectinomycin resistance was not found over a 10 year
period in samples from 2008 to 2017, nor was resistance found
in samples from 2003 in another study.28,32

N. gonorrhoeae resistance to gentamicin was only examined in
two studies from Malawi. It was 15% in samples from a 2001
study24 and absent from samples taken in 2007.16

Only three studies from SouthAfrica examinedM. genitalium re-
sistance to macrolides and/or fluoroquinolones.20,21,30 One study
that examined specimens collected from 2007 to 2014 did not
show anymacrolide resistance inM. genitalium.20 QRDRmutations
with known M. genitalium-associated fluoroquinolone resistance
were not detected in the gyrA gene of DNA gyrase; however, one
specimen (0.4%) contained a D87Y amino acid alteration in the
parC gene that encodes the A subunit of topoisomerase IV, and
has been linked to fluoroquinolone treatment failure.20 The study
by Hay et al.30 reportedmacrolide resistance of 9.8% in sexually ac-
tivewomen in samples from2011 to 2012whilst Ong et al.21 found
nomacrolide orfluoroquinolone resistance in samples taken froma
cohort of HIV-positive women in the same period.

East Africa

Nine studies reported on AMR in the East Africa region,35–43 of
which four were from Kenya,37–39,43 three from Ethiopia,36,41,42

one from Uganda40 and one from Rwanda.35

The earliest data were from Rwanda in 2000, which showed
no N. gonorrhoeae resistance to ciprofloxacin.35 Prevalence of ci-
profloxacin resistance was 11% overall in one Kenyan study on
isolates from 2002 to 2009; no resistance was observed in iso-
lates from 2002 to 2006, but a steady increase was observed
afterwards from 9.5% in 2007 to 50% in 2009.38 All other studies
that investigated ciprofloxacin resistance reported proportions
ranging from 40.9% to 100%.37,39–43

The prevalence of N. gonorrhoeae resistance to penicillin was
high in all included studies, ranging from 35.2% to 100%.36–38,40–43

Of the seven studies that reported on tetracycline resistance in
N. gonorrhoeae,36–38,40–43 resistance was .90% in six of
them.37,38,40–43

Of the four studies that reported on azithromycin resistance,
one study in Uganda found a prevalence of 2.7% in isolates
from 2009,40 with no resistance observed in the remaining three
studies from Kenya.37–39

Spectinomycin resistance in gonorrhoea was not observed in
the four studies that examined this.35,37,38,40

Three studies examined cefixime resistance; one study in
Uganda found a prevalence of 1% in isolates from 2009,40 whilst
two studies from Kenya did not find any resistance in isolates
from 2002 to 200938 and 2009 to 2010,39 respectively.

Eight studies examined ceftriaxone resistance in N. gonor-
rhoeae, five of which reported no resistance.35,38–40,43 The re-
maining three studies, which were from Ethiopia, reported a
prevalence of 4.2% (year of isolates not specified),36 27.8% in
2006–1241 and 48% in isolates from 2018.42

An Ethiopian study reported a prevalence of gentamicin resist-
ance in N. gonorrhoeae of 14% in isolates from an unspecified
year,36 while a Kenyan study reported a prevalence of 51% in iso-
lates from 2020.43Ta
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West Africa

Six studies reported on AMR in the West Africa region: one from
Ghana,44 one from Nigeria,45 two from Benin,46,47 one from
Guinea Bissau48 and one from Cote d’Ivoire.49

The earliest documented ciprofloxacin resistance in N. gonor-
rhoeaewas froma study in Guinea Bissau in isolates from 2006 to
2008, which reported a 10% prevalence.48 The Ghanaian study
reported a prevalence of 81.8% in isolates from 2012 to
2015,44 and 62.3% in Nigeria in isolates from 2014 to 2016.45

No ciprofloxacin resistance was observed in isolates from 1998
to 1999 in Cotonou, Benin,46 but by 2015–17, this had increased
to 75% in the same city.47

Amongst the included studies, penicillin resistance inN. gonor-
rhoeae was first documented in isolates from 1998 to 1999 in
Benin, with a prevalence of 94.4%.46 High prevalence of resist-
ance was reported in isolates from subsequent years in other
countries in the region, ranging from 68% to 100% in five other
studies.44,45,47–49

Tetracycline resistance inN. gonorrhoeaewas equally high and
was also first reported in Benin, with a prevalence of 99.3%.46 A
later study from Benin47 and a study from Ghana reported a
prevalence of 100%.44

Azithromycin resistance was examined in four studies. No re-
sistance was found in isolates from Guinea Bissau48 and Benin.47

A study from Ghana reported a prevalence of 31.8% in isolates
from 2012 to 201544 while another study from Cote d’Ivoire re-
ported a prevalence of 6.1% in isolates from 2017.49

Spectinomycin resistance in N. gonorrhoeaewas not observed
in four studies from Ghana,44 Benin,46 Guinea Bissau48 and Cote
d’Ivoire.49

Resistance to the ESCs cefixime47–49 and ceftriaxone46–49 was
not observed in the included studies.

Central Africa

The four included studies on AMR in Central Africa were from
Cameroon;50–53 one of themwasmultisite and included samples
from the Central African Republic.51 Three studies reported on ci-
profloxacin resistance in N. gonorrhoeae; no resistance was ob-
served in a study published in 2003, but the year of sampling
was not specified for this study,50 while the other two studies re-
ported on the prevalence trend in ciprofloxacin resistance.52,53

Tayimetha et al.52 reported a significant increase in ciprofloxacin
resistance from 3.8% in 2009 to 50% in 2014, with resistance to
penicillin and tetracycline remaining stably high during this peri-
od. Crucitti et al.53 reported a significant increase in ciprofloxacin
resistance from 15% in 2012 to 79.5% in 2018 and tetracycline
resistance remained stably high, whilst for penicillin resistance,
although equally high during the period of observation, preva-
lence decreased significantly from90.5% in 2016 to 68% in 2018.

Tayimetha et al.52 reported spectinomycin resistance of 2.6%
but no trend data were given due to the small number of resist-
ant isolates overall. Crucitti et al.53 reported an overall prevalence
of 2% between 2012 and 2018, with no significant change in
prevalence during this period. These two studies reported azith-
romycin resistance of 3.1%52 and 2.1%.53 Only the study by
Crucitti et al.53 observed ceftriaxone resistance inN. gonorrhoeae,
at 1.8% overall, with no significant difference in trend between
2012 and 2018.

STI prevalence
Although AMR was the focus of this review, some of the included
studies reported on STI prevalence.

Southern Africa

Of the 21 studies that reported on AMR prevalence in Southern
Africa, 12 reported on STI prevalence: 6 in South
Africa,15,18,21,22,29,30 3 in Zimbabwe,23,25,33 2 in Malawi16,24 and
1 in Mozambique.14

In South Africa, three studies evaluated men, all of which in-
cluded those with urethritis,15,18,22 with one also examining
men with genital ulcer syndrome or voluntary counselling and
testing attendees.15 The prevalence of gonorrhoea in men with
urethritis in the three studies ranged from 42.9% to
51%,15,18,22 with one of them reporting prevalence of 16%,
6.3% and 12.5% for chlamydia, T. vaginalis andM. genitalium, re-
spectively.15 Three studies evaluated women21,22,30 but did not
always state whether the women had symptoms or presented
results according to the presence of symptoms. The prevalence
of gonorrhoea was 2.3% and 10% in two studies,21,22 the preva-
lence of chlamydia was 5% in one study,21 the prevalence of
T. vaginalis was 16.2% in one study21 and the prevalence of
M. genitalium was 7.4% and 10% in two studies.21,30

Two of the three studies in Zimbabwe examined men with ur-
ethritis and reported gonorrhoea prevalence of 24.5% and
82.8%.23,33 One of the studies additionally reported prevalence
of 11.7% for C. trachomatis, 1.6% for T. vaginalis and 4.7% for
M. genitalium.23

The two Malawian studies were in men with urethritis and re-
ported a prevalence of 80% or higher for gonorrhoea.16,24

East Africa

Of the nine studies that reported on AMR in East Africa, five re-
ported on STI prevalence: three in Ethiopia36,41,42 and two in
Kenya.38,43

In Ethiopia, two studies reported on gonorrhoea prevalence;
one of them reported prevalence for only men, of 84.5%,36 and
the other reported prevalence of 29% and 19% in men and wo-
men, respectively.42

Two studies in Kenya reported on STI prevalence; prevalence
of gonorrhoea in men with urethritis in one study was 58.3%,43

while in the other study, gonorrhoea prevalence in men de-
creased from 3.8% in 2002 to 2.7% in 2009.38

No study in this region reported on the prevalence of M.
genitalium.

West Africa

Of the six studies that reported on AMR in West Africa, five re-
ported on STI prevalence: one in Nigeria,45 one in Ghana,44 one
in Benin,47 one in Guinea Bissau48 and one in Cote d’Ivoire.49

The Nigerian study amongst MSM and transgender women re-
ported gonorrhoea prevalence of 37.4%.45

The Ghanaian study amongst men with urethritis and women
with vaginal discharge reported a gonorrhoea prevalence of 11%
and 0.2% in men and women, respectively.44
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The Benin study reported gonorrhoea prevalence of 16.4%
amongst men with urethritis and women with vaginal discharge
syndrome.47

The study fromGuinea Bissau was amongst symptomatic wo-
men and reported prevalence of 0.6%, 8.4% and 4.2% for gonor-
rhoea, chlamydia and T. vaginalis, respectively.48

The Cote d’Ivoire study reported gonorrhoea prevalence of
2.5% (4.4% in males, 0.2% in females) amongst symptomatic
and asymptomatic males and females attending sexually trans-
mitted disease (STD) clinics.49

Central Africa

None of the four studies reporting on AMR in the Central Africa re-
gion reported on STI prevalence.

Quality assessment of included studies
Our quality assessments of the included studies showed that all
of the studies were clear about the focus of the research, but not
all were clear about how participants were recruited. For ex-
ample, some studies failed to indicate the dates study partici-
pants were recruited, making it difficult to compare their report
of AMR with those of other studies.36,50 This was further compli-
cated by the lag between identification of isolates and publica-
tion, variation in testing methodologies and difficulties in
assessing the laboratory quality control procedures in the differ-
ent studies. Twenty-five of the 40 included studies were assessed
to be at low risk of bias (Tables 1–4 and Table S1).

Discussion
Our systematic review investigated AMR in N. gonorrhoeae andM.
genitalium in SSA. The included studies comprised 7961 N. gonor-
rhoeae isolates and 350 M. genitalium-positive specimens from
15 countries in this region.

We found a high prevalence of resistance to all antibiotics
used for past and current treatment of gonorrhoea. Increasing
ceftriaxone resistance was reported in Ethiopia,36,41 with low-
level resistance (,5%) reported in Cameroon.53 While low-level
cefixime resistance was observed in South Africa,22 Malawi16

and Uganda,40 resistance was not present in studies from West
Africa47–49 and was not assessed in the four studies from
Central Africa. Three of the four countries from the WHO
African Region that contributed data to the 2016 WHO GASP
(South Africa, Malawi, Ghana) reported resistance of ,0.1% to
ESCs, except in Madagascar where this was between 0.1% and
5%.1 The only Ghanaian study included in our review did not as-
sess susceptibility to ESCs,44 whilst studies from Malawi16 and
South Africa22 showed cefixime resistance of 1%, with no study
demonstrating ceftriaxone resistance.

Azithromycin resistance in N. gonorrhoeae of ,5% was re-
ported in isolates from 2008 in Johannesburg, with subsequent
isolates from the same centre showing no resistance in isolates
from 2009 to 2017.32 However, an older study from
KwaZulu-Natal reported high-level resistance in isolates from
2014.22 Azithromycin resistance of .5% was reported in
Ghana44 and Cote d’Ivoire,49 whilst low-level resistance was ob-
served in Uganda40 and Cameroon.53 The WHO GASP data on
azithromycin resistance in Ghana and South Africa were
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consistent with our findings; however, this was not investigated
in the Malawian study16 included in our review. High-level cipro-
floxacin resistance was reported in the WHO GASP data from the
four countries, consistent with our findings.

Resistance of M. genitalium to both fluoroquinolones and
macrolides was only evaluated in South Africa, with resistance
to both groups of antibiotics documented.20,21,30 Our search did
not yield any published studies investigating resistance in chla-
mydia or trichomoniasis, hence we have focused the discussion
on resistance in N. gonorrhoeae and M. genitalium.

In some of the countries in which ceftriaxone resistance in
N. gonorrhoeae was not observed, there was a documented in-
crease in the MIC of this antibiotic, suggesting that it may only
be a matter of time before ceftriaxone treatment failure materi-
alizes. In order to prolong the therapeutic lifespan of ceftriaxone,
this being the last option for first-line empirical chemotherapy for
uncomplicated gonorrhoea, the WHO and other international
guidelines recommend dual therapy for gonorrhoea with ceftri-
axone and azithromycin.54–56 These guidelines vary in the pre-
ferred ESC, as well as in the doses of the regimens. The
addition of azithromycin has the added benefit of treating pos-
sible chlamydia co-infection. Historically, the WHO has used a
5% threshold of AMR inN. gonorrhoeae to identify when empirical
treatment with a particular antimicrobial agent is no longer
ideal.1 High-level ceftriaxone resistance was reported in an
Ethiopian study,41 although none of the included studies from
Ethiopia investigated azithromycin resistance. However, in coun-
tries reporting azithromycin resistance ranging from 2.1% to
68%,22,32,40,47,49,52,53 it is reassuring that resistance to the ESC
was low. The high level of resistance to azithromycin in
KwaZulu-Natal, South Africa (68%)22 could be due to the use of
this drug for other infections such as respiratory tract infec-
tions;22 however, this pattern of resistance was not replicated
in a more recent study in Johannesburg.32 This raises the ques-
tion as to whether there could be geographical variation in azith-
romycin resistance in South Africa as none of the two studies is
representative of the whole country. Kularatne et al.32

investigated participants attending a single public clinic in
Johannesburg, whilst the Rambaran et al.22 study investigated
participants from two public clinics in KwaZulu-Natal. Our sys-
tematic review cannot address the issue of a potential difference
in the geography of azithromycin resistance in South Africa.
Nevertheless, dual-therapy treatment failure of ceftriaxone and
azithromycin is a real threat and was first reported in the UK in
2016.57 The WHO has indicated that such dual resistance in
N. gonorrhoeae described in high-income countries may be a
tip of the iceberg as the majority of gonorrhoea cases are in less-
resourced countries where AMR surveillance is poor.58

The documented resistance to themacrolide azithromycin, as
well as its inclusion for syndromic management of genital dis-
charge and pelvic inflammatory disease syndromes, has implica-
tions for the treatment of M. genitalium. The contribution of M.
genitalium to STI syndromes in SSA is understudied, although it
is increasingly recognized as an important STI pathogen. In one
South African study, the prevalence of M. genitalium was as
high as that of other STIs.21 Only studies from South Africa re-
ported on resistance in M. genitalium,20,21,30 with a prevalence
of resistance to macrolides of up to 9.8% reported in samples
prior to the introduction of azithromycin to syndromic treatment
guidelines in South Africa in 2015.30 The increase in macrolide
resistance in M. genitalium has been reported in countries
where macrolides are frequently used, with resistance rates
currently estimated at 30%–100% worldwide.59,60 This is a
worrying trend as macrolides are first-line therapy for M. genita-
lium infections, with fluoroquinolones and tetracyclines being
alternatives.

Although STI prevalence was not the focus of this systematic
review, studies that reported on STI prevalence demonstrated a
high prevalence of STIs amongst individuals with genital dis-
charge, with prevalence being lower when STIs were assessed
amongst general clinic attendees. The absence of diagnostic
STI care, with reliance on syndromicmanagement due to limited
laboratory capacity and capability, poor antibiotic stewardship
and high re-infection rates due to poor partner notification and
poor recognition of treatment failure create the perfect condition
for the emergence and spread of AMR in SSA.

A strength of our systematic review was being able to collate
AMR data on gonorrhoea from 15 different countries, in addition
to highlighting M. genitalium resistance to macrolides as an
emerging public health problem. However, our review only cap-
tures AMR data from just under a third of countries in the region,
suggesting there is still a lot of information lacking on AMR in the
region.

This systematic review is subject to several limitations, which
should be considered when interpreting the results. First, despite
a systematic search of the aforementioned databases, we could
have missed some important studies as we did not search the
grey literature. Second, resistance data were reported across
multiple studies. We excluded duplicate reports when we identi-
fied this, especially amongst studies reporting on trends, but it is
possible some duplicate reports may have been missed. Third,
there was a predominance of studies reporting on AMR in N. go-
norrhoeae, with no studies identified reporting on AMR in chla-
mydia or trichomonas. Our search criteria may have failed to
capture these studies. Fourth, we did not undertake a
meta-analysis due to variation in the laboratory procedures to

Table 5. Number of N. gonorrhoeae isolates tested for susceptibility to
various antimicrobials by calendar year, Johannesburg, 2008–1732

Year

Antimicrobials and antimicrobial susceptibility testing method

Cefixime, ceftriaxone,
ciprofloxacin: Etest MIC (n)

Azithromycin, penicillin,
tetracycline, spectinomycin:

agar dilution MIC (n)

2008 338 (ceftriaxone and
ciprofloxacin only)

233

2009 324 0
2010 316 0
2011 298 70
2012 294 31
2013 249 77
2014 235 93
2015 136 125
2016 128 113 (ciprofloxacin included)
2017 128 (cefixime and

ceftriaxone only)
122 (azithromycin and
spectinomycin only)
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assess AMR and heterogeneity in the studied population. Fifth,
there were no dates specified for when some samples were col-
lected, making it difficult for us to compare these studies with
other studies from the same region and across regions.

The WHO Global Action Plan on AMR describes AMR as a crisis,
which poses a substantial threat to human health, that must be
managed with the utmost urgency.61 This plan describes five
objectives: (i) improving awareness and understanding of AMR;
(ii) strengthening the knowledge and evidence base through sur-
veillance and research; (iii) reducing new infections; (iv) improving
antimicrobial stewardship; and (v) increasing investments in new
medicines, diagnostic tools and vaccines. Achieving these objec-
tives will require political commitment from African governments
in order to provide the finance to develop the infrastructure neces-
sary to tackleAMR. Thiswill require developingcapabilitiesand cap-
acity for laboratory diagnosis of STIs in tandemwith improvement
in the early prevention, diagnosis, contact tracing, treatment and
epidemiological surveillance of gonorrhoea cases.62,63

With AMR in N. gonorrhoeae to all currently recommended
antimicrobials, research into new drugs is imperative. In this re-
gard, zoliflodacin, the first in a new class of antibacterial agents
called the spiropyrimidinetriones, inhibits bacterial type II topoi-
somerases64 and has shown promise in a Phase 2 study for the
treatment of uncomplicated gonorrhoea.65 A large multicentre
Phase 3 study is now in progress to evaluate the efficacy of zoli-
flodacin compared with dual treatment with ceftriaxone and
azithromycin for the treatment of uncomplicated gonorrhoea.66

Other novel antimicrobial agents that have shown promising re-
sults are gepotidacin67 and solithromycin,68 with a few more in
the pipeline.63

The US FDA has cleared a molecular POC diagnostic technol-
ogy, which is easy to use and performs accurate chlamydia and
gonorrhoea detection in 30 min.69 Other POC STI diagnostic tech-
nologies in various stages of development are also being evalu-
ated.5 Currently, no commercial molecular POC STI technology
allows for the detection of AMR, hence research to address this
gap is required.56 Such POC STI diagnostic technology allows
for the treatment of STIs during the same visit, thereby shorten-
ing the duration of infection and the likelihood of transmission to
sexual partners. It also promotes good antibiotic stewardship by
facilitating pathogen-based diagnosis and treatment. These
technologies can complement the current syndromic manage-
ment approach, as they do not require elaborate laboratory infra-
structure, hence can be easily deployed in resource-constrained
settings where the burden of STIs is greatest.

AMR is a global public health emergency, with drug-resistant
N. gonorrhoeae being amongst the top five urgent antibiotic re-
sistance threats to public health, according to the US CDC.70

The WHO names N. gonorrhoeae on its list of high-priority patho-
gens due to the emergence of resistance to ESCs and fluoroqui-
nolones.71 The WHO GASP needs to be strengthened in many
countries, especially in resource-constrained settings where the
prevalence of gonorrhoea is high. Countries should receive tech-
nical support from the WHO to strengthen their AMR surveillance
programme, in tandem with financial support from their govern-
ments to ensure that AMR to current antimicrobial agents is
promptly detected and acted upon through update of treatment
guidelines, if necessary. The introduction of enhanced surveil-
lance that collects important epidemiological and clinical

information such as age, same-sex partnerships,
travel-associated sexual partnerships, or sentinel surveillance in
specific groups, linked to microbiological or AMR data, might al-
low earlier identification of emerging resistance and risk factors
that could allow more intensive follow-up and prevention inter-
ventions in groups at high risk of resistant gonorrhoea.56,72

Unless AMR in N. gonorrhoeae is tackled successfully through
the development of new diagnostic and therapeutic agents, re-
search into vaccine development, attention given to asymptom-
atic STIs, which account for the majority of STIs and are not
addressed by syndromic management guidelines, and strength-
ened AMR surveillance to inform syndromic treatment guidelines,
it will be challenging to achieve theWHO target of 90% reduction
in gonorrhoea incidence by 2030.1 In this regard, it is of utmost
importance to improve our understanding of the drivers of the
emergence of AMR in N. gonorrhoeae and their mechanisms of
resistance, which can provide an enhanced rationale for anti-
microbial stewardship and management.5
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