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Background: Detailed information is needed on the dynamic pattern of antimicrobial resistance (AMR) in
Neisseria gonorrhoeae in Latin America and the Caribbean (LAC).

Objectives: To conduct a systematic review of AMR in N. gonorrhoeae in LAC.

Methods: Electronic searches without language restrictions were conducted in PubMed, Embase, Cochrane
Library, EconLIT, Cumulative Index of Nursing and Allied Health Literature, Centre for Reviews and
Dissemination, and Latin American and Caribbean Literature in Health Sciences. Studies were eligible if published
between 1 January 2011 and 13 February 2021, conducted in any LAC country (regardless of age, sex and popu-
lation) and measured frequency and/or patterns of AMR to any antimicrobial in N. gonorrhoeae. The WHO Global
Gonococcal Antimicrobial Surveillance Programme (WHO-GASP) for LAC countries and Latin American AMR
Surveillance

Network databases were searched. AMR study quality was evaluated according to WHO recommendations.

Results: AMR data for 38,417 isolates collected in 1990-2018 were included from 31 publications, reporting
data from Argentinag, Brazil, Colombia, Peru, Uruguay, Venezuela and WHO-GASP. Resistance to extended-spec-
trum cephalosporins was infrequent (0.09%-8.5%). Resistance to azithromycin was up to 32% in the published
studies and up to 61% in WHO-GASP. Resistance to penicillin, tetracycline and ciprofloxacin was high (17.6%-
98%, 20.7%-90% and 5.9%-89%, respectively). Resistance to gentamicin was not reported, and resistance
to spectinomycin was reported in one study.

Conclusions: This review provides data on resistance to azithromycin, potentially important given its use as first-

L2 Carlos Rojas-Roque?, Tomds Alconada?, Jorge A. Gomez?®,

line empirical treatment, and indicates the need for improved surveillance of gonococcal AMR in LAC.

Trial registration: Registered in PROSPERO, CRD42021253342.

Introduction

Gonorrhoea is a common sexually transmitted infection (STI)
caused by the bacterium Neisseria gonorrhoeae, with an estimated
86.9 million new gonorrhoea cases worldwide in 2016 in people
aged 15-49 years.! Along with Africa and Western Pacific, preva-
lence and incidence were highest in the WHO Region of the
Americas (in 2016, prevalence in women 0.9%, 95% confidence
interval [CT] 0.6-1.5; prevalence in men 0.8%, 95% CI 0.4-1.3)." It
may present as urethritis or cervicitis, and may also affect sites out-
side the genital tract such as the pharynx, rectum or eyes.?
Gonorrhoea may result in serious complications such as pelvic

inflammatory disease and infertility, increases the risk of transmis-
sion of HIV* and is a major public health challenge globally.”
Confirmed diagnosis requires laboratory techniques such as
bacterial culture, nucleic acid amplification tests or Gram stain.
Microbiological diagnosis of gonorrhoea can be difficult, especial-
ly in resource-limited countries, as many regions do not have a
laboratory-based diagnostic capability,” and in these settings
diagnosis is often made clinically® and treatment relies on syn-
dromic management to guide empirical antimicrobial treatment.
Treatment of gonorrhoea is complicated by rapidly changing pat-
terns of antimicrobial resistance (AMR), and World Health
Organization (WHO) treatment guidelines recommend that local
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resistance data should determine the choice of antibiotic ther-
apy.® Where local resistance data are not available, dual therapy
is generally recommended over single-agent therapy, using a sin-
gle dose of either injectable ceftriaxone plus oral azithromycin or
oral cefixime plus oral azithromycin.® Dual therapies were origin-
ally introduced for treatment of coinfection with Chlamydia tra-
chomatis,” reported in 46% of gonorrhoea cases,® and also
based on clinical experience with other bacteria that have devel-
oped AMR rapidly.” Using two antimicrobials with different me-
chanisms of action may improve treatment efficacy and
potentially slow the emergence and spread of resistance to ce-
phalosporins. However, some countries such as the United
States of America (USA)° and the United Kingdom (UK)'© recom-
mend ceftriaxone monotherapy in guidelines published in 2020
and 2018, respectively, as resistance to azithromycin has
increased.

N. gonorrhoeae has rapidly developed resistance to successive
antimicrobial treatments, first to the sulphonamides introduced
in the 1930s and subsequently to penicillins, tetracyclines and
fluoroquinolones.” Recently, N. gonorrhoeae isolates with resist-
ance to extended-spectrum cephalosporins such as cefixime
have emerged in the USA and globally, leading to concerns over
the possibility of untreatable gonorrhoea in the future.”'* The first
extensively drug-resistant strain of N. gonorrhoeae, showing high-
level resistance to ceftriaxone and resistance to previously used
antimicrobials, was isolated in Japan,'? followed by the identifica-
tion of new extensively drug-resistant strains in France'® and
Spain.** Increased spread of some ceftriaxone-resistant N. gonor-
rhoeae strains or closely genetically related strains has been re-
ported in Australia (2013-2017),>*® Japan (2014-2015),'8
Canada,’® Denmark (2017)° and France (2018),%* predominantly
associated with travel to Asia. In Ching, ceftriaxone resistance was
reported in 30% of gonococcal isolates in a study conducted in
Hangzhou in 2019.?% The first verified treatment failure for ceftri-
axone and azithromycin dual therapy to cure pharyngeal gonor-
rhoea was reported in the UK in 2016,2% and in 2018 the world’s
first case of gonorrhoea with combined resistance to ceftriaxone
and high-level resistance to azithromycin was reported in
England and Australia.”*??

AMR in N. gonorrhoeae is monitored by the WHO Global
Gonococcal Antimicrobial Surveillance Programme (GASP), a collab-
orative global network of reference laboratories,*' and in Latin
America and the Caribbean (LAC) by the Latin American and
Caribbean Network for Antimicrobial Resistance Surveillance
(known by its Spanish acronym ReLAVRA). ReLAVRA was formally es-
tablished in 1996 by the Pan-American Health Organization (PAHO)/
WHO regional office and partnering member states. It is a network
responsible for the ongoing collection of reliable, comparable and
reproducible AMR data to inform AMR prevention and control pol-
icies and interventions in the LAC region.”® It currently comprises
19 countries (Argentina, Bolivia, Brazil, Chile, Colombia, Costa Rica,
Cuba, Ecuador, El Salvador, Guatemala, Honduras, Mexico,
Nicaragua, Panama, Paraguay, Peru, Dominican Republic, Uruguay
and Venezuela), each represented by a national reference labora-
tory that receives data from sentinel sites. Data from ReLAVRA re-
ported high levels of resistance to tetracycline, penicillin and
ciprofloxacin in 2005-2015, and ceftriaxone-resistant N. gonor-
rhoeae has been reported in four countries in the Americas region
(Argentina, Brazil, Canada and the USA) as of October 2017.?” The

percentage of isolates with decreased susceptibility to ceftriaxone
(defined as a minimum inhibitory concentration [MIC] value of
0.06 to 0.125 mg/L) increased from 2.3% in 2011 to 4.3% in 2013
(all also showed decreased susceptibility to cefixime), and data
from  Gonococcal — Antimicrobial  Susceptibility — Surveillance
Programme-Argentina (GASSP-AR) showed a continuous increase
of isolates with decreased susceptibility to extended-spectrum ce-
phalosporins to 7.9% in 2015.%

In Argenting, 5.5% of 237 N. gonorrhoeae samples obtained in
2013 and 2015 showed decreased susceptibility to cefixime and
ceftriaxone.?® However, AMR surveillance data for gonorrhoea
are absent or very limited in parts of LAC,'* and a low percentage
of countries in the Americas region systematically monitor AMR
to support treatment decisions.

There is a need for detailed information on the dynamic pat-
tern of AMR in N. gonorrhoeae in LAC to support healthcare
decision-makers in planning treatment strategies in these coun-
tries. The objective of this systematic review was to describe re-
ported data on AMR in N. gonorrhoeae in LAC countries.

Methods

The analysis presented here was part of a broader systematic review that
also included data on the epidemiological and economic burden of gon-
orrhoeal disease in LAC. The epidemiological and economic findings will
be published elsewhere. The findings on AMR are presented in this article.
The protocol is registered in PROSPERO CRD UK (registration number:
CRD42021253342).

This systematic literature review followed the methods of the
Cochrane Systematic Reviews Manual®*® and Preferred Reporting Items
for Systematic Literature Reviews and Meta-Analyses (PRISMA).>132 For
those reviews of observational trials, this review followed Meta-analysis
of Observational Studies in Epidemiology (MOOSE) guidelines.?>

Inclusion and exclusion criteria

Studies were eligible for inclusionin the review if they were conducted in peo-
ple regardless of age or sex in any LAC country, published between 1 January
2011 and 13 February 2021, included at least 100 participants (with or with-
out gonorrhoea) or at least 20 cases for a case series (no limit by number of
cases/isolates for studies that evaluated AMR), and were of one of the follow-
ing types: case series; case-control studies; cohort studies; control groups of
randomized controlled trials (RCTs) or quasi-RCTs; controlled and uncon-
trolled before-after studies; cross-sectional studies; epidemiological surveil-
lance reports; interrupted time series (ITS) and controlled ITS (STIC).
Studies had to report data on one of the following outcomes: fre-
quency of antimicrobial resistance to N. gonorrhoeae; and/or patterns
of antibiotic resistance. There was no language restriction. Systematic re-
views and meta-analyses were considered only as a source of primary
studies. When data or subsets of data were reported in more than one
publication, we selected the one with the largest sample size.

Search strategy

The following electronic databases were searched for eligible articles:
Centre for Reviews and Dissemination (CRD) York; Cochrane Library
(CENTRAL); Cumulative Index of Nursing and Allied Health Literature
(CINAHL); EconLIT; Embase; Latin American and Caribbean Literature in
Health Sciences (LILACS); and PubMed. Detailed search terms for each
database are presented in Table S1 (available as Supplementary data
at JAC Online). The reference lists of any papers included were
hand-searched for additional information. We also searched databases
of doctoral theses, websites of major regional medical societies and
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associations, and proceedings of regional and international congresses,
including the Asociacion Colombiana de Infectologia, Asociacion
Mexicana de Infectologia y Microbiologia Clinica, Asociacion
Panamericana de Infectologia, International Society for Sexually
Transmitted Diseases Research, Sociedad Argentina de Infectologia,
Sociedad Brasilera de Infectologia, Sociedad Chilena de Infectologia,
STI & HIV World Congress, Brazilian Society of Sexually Transmissible
Diseases, and the International Union against Sexually Transmitted
Infections. In addition, grey literature sources were searched, such as
websites of the local departments of health in included countries,
PAHO, the Virtual Health Library>* and hospital reports. The WHO-GASP
and ReLAVRA databases were also searched for information up to 2019.

Article selection and data extraction

Publications were screened by two of the investigators using title and ab-
stract according to the eligibility criteria. Discrepancies were solved by
agreement of the entire team. Potentially eligible articles were retrieved
in full text for further analysis. All screening phases of the study used
COVIDENCE,*® a web-based platform designed to process systematic
reviews.

From eligible articles, the research team extracted data on: publica-
tion and study characteristics (type of publication, year published,
authors, geographical location, study design including domains for risk
of bias assessment); study population characteristics (age, sex, sample
size, latent immunocompromising conditions, risk evaluation for N. go-
norrhoeae, inclusion and exclusion criteria); and outcomes (frequency
of AMR). The original authors were contacted if necessary to obtain any
missing information or clarification.

Risk of bias assessment

Included studies were assessed for risk of bias by two investigators, with
discrepancies resolved by consensus with the whole team. For observa-
tional studies and the control arm of trials we used a checklist developed
by the USA’s National Heart, Lung, and Blood Institute®® that classifies
studies as high risk of bias (Poor), moderate risk of bias (Fair) and low
risk of bias (Good). For the evaluation of cohort studies and cross-
sectional studies the tool comprises 14 items, and for case series there
are 9 items. For RCTs and quasi-RCTs the Cochrane tool*” was used, con-
taining the following domains: sequence generation; assignment con-
cealment; blinding of participants and staff; blinding of outcome
evaluators; incomplete results data; selective reporting on results; and
other potential threats to validity. For before-after studies, ITS and STIC
we used the relevant items from the Cochrane Effective Practice and
Organisation of Care Group criteria.?® For before-after studies these
were: baseline measurement; characteristics of studies that used a se-
cond site as a control (only for controlled studies); blinded assessment
of primary outcomes; reliable measurement of primary outcomes;
follow-up of professionals; and patient follow-up. For ITS these were:
intervention independent of other changes; prior specification of the
form of the intervention effect; likelihood that the intervention would af-
fect data collection; blinding to the allocation of interventions by out-
come evaluators; incomplete results data; selective notification of
results; and other sources of bias. For STIC, the domains were the same
as ITS plus three additional domains: imbalance of outcome measures
at baseline; comparability of the intervention and control group at the be-
ginning of the study; and protection against contamination. Each criter-
ion was scored as low risk, high risk or uncertain risk. For those rated as
uncertain we attempted to obtain more information from the study
authors.

Quality assessment of AMR studies

The quality of AMR studies was evaluated according to WHO recommen-
dations.>*“° Studies were scored on whether they specified the location
at which the isolates were collected and the collection period, described
the method of identifying the isolates and the population from which the
isolates were obtained, included at least 100 tested isolates, utilized or
implied utilization of control strains recommended by WHO to identify
MIC, and described the method for determining the antimicrobial suscep-
tibility of isolates or the MIC values for susceptibility, reduced susceptibil-
ity and resistance isolates.

Statistical analysis and reporting

For AMR outcomes from published studies and the GASP and ReLAVRA da-
tabases a descriptive overview is presented. The risk of bias results are
tabulated.

Results

Literature search and study selection

After removal of duplicates, 1290 references were identified from
the search and screened by title and abstract, after which 279
were retrieved for full-text review. Of these, 31 references, pub-
lished between 2011 and 2020, provided AMR data and are in-
cluded in this article (Figure 1). 2%*1~7% Twenty-three of the
publications were in English and the remaining eight were in
Spanish. As the authors are fluent in both English and Spanish
there was no need for translation.

Characteristics of included studies

Table 1 summarizes the characteristics of the included studies.
There were 16 full articles and 15 conference abstracts; 30
were cross-sectional studies and 1 was an epidemiological sur-
veillance study. The cross-sectional studies were observational
studies conducted by an investigator, whereas the epidemio-
logical surveillance study related to a specific surveillance proto-
col established to investigate disease burden at a particular place
and time. The reported duration of the studies ranged from
12 months*®>?>* to 263 months (21.9 years).“° Eight studies
(25.8%) reported the origin of the samples, all from healthcare
service outpatients.

The studies provided data on AMR in the following countries:
Argentina (n=10)?%4>48:5275463.66.67.70 qring 1993 and be-
tween 2000 and 2017; Brazil (n=9)**#*46:47:20:5,57,58.65 jn
2003 to 2016; Colombia (n=2)***" in 2009 to 2018; Peru (n=
6)°6:°9:60:62:6869 in 2012 to 2017; Uruguay (n=1)*' in 2010 and
2011; and Venezuela (n=1)? during 2008. There were also two
studies reporting on AMR in various LAC countries from the
WHO-GASP-LAC, one of which*® reported resistance between
1990 and 2011 in 23 LAC countries, and the other reported
data from 2010 and 2011 in seven LAC countries.®* Five of the
studies in Argentina belonged to GASSP-AR,??>27>*67 two to the
Gonococcal Antimicrobial Susceptibility Surveillance Program
(ProsVAG),*®7° and one in Brazil to the Brazilian GASP
Network.** 7

From 1990 to 2018, 38,417 positive samples of N. gonorrhoeae
(out of a total of 40,653 samples reported for AMR analysis) were
processed, with the number of samples evaluated ranging from
20°! to 21,592,%° including urethral, endocervical, urine, rectal,
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Figure 1. PRISMA flow chart. This figure appears in colour in the online version of JAC and in black and white in the print version of JAC.

pharyngeal and ocular secretion samples. One study did not report
the total number of samples processed.®® Twenty-seven studies
(87.1%) analysed AMR for more than one antibiotic, of which
one reported only resistance to ciprofloxacin.®® The remaining
four studies analysed only ciprofloxacin.®*>¢89 The antibiotics
included in studies evaluating several antibiotics were ciprofloxa-
cin (n=26), penicillin (n=25), tetracycline (n=24), azithromycin
(n=21), ceftriaxone (n=19), cefixime (n=38), spectinomycin (n=
7), ceftriaxone/cefixime combined (n=5), gentamicin (n=3),
erythromycin (n=1), chloramphenicol (n=1), cefoxitin (n=1)
and ofloxacin (n=1).

The methods used to evaluate AMR were agar dilution in
46.7% (n=14), combined methods in 23.3% (n=7), agar diffu-
sion (Etest) in 13.3% (n=4), molecular techniques (PCR) for the
detection of genes associated with resistance in 6.7% (n=2),
disk diffusion (DD) in 10% (n=3) and in one study the method
used was not reported.®?

The MIC was evaluated in 23 studies (74.1%), and 15 studies
(48.4%) reported at least one MIC value. Ten studies reported
the MICs of all the antibiotics evaluated, four the MIC of only
one, and one study the MICs of two of the antibiotics evalu-
ated. For studies that reported at least one MIC value, 80%
(n=12) used the agar dilution method for evaluation and three
studies used combined methods. For the criteria used to evalu-
ate antibiotic susceptibility, 48.4% (n=15) used the MIC break-
points established by the Clinical and Laboratory Standards
Institute (CLSI), 9.7% (n=3) used the European Committee
on Antimicrobial Susceptibility Testing (EUCAST) criteria and
16.1% (n=5) used more than one set of criteria, combining
the CLSI MIC breakpoints for all antibiotics except azithromycin,
due to the lack of consensus and different established break-
points (of the five studies, two assessed azithromycin suscepti-
bility with EUCAST criteria***#, one study used the Centers for
Disease Control (CDC) criteria,*® one study used data from

4 of 15

€20z Ae 91 uo 3senb Aq 097591 2/L L0PEAP/OEIIEE0 L 0 L /10p/a|01Ee-80UBAPE/OEl/WO0D dNODlWapEedE//:Sd)Y WOl pepeojumoq



JAC

Systematic review

Table 1. Characteristics of included studies

Study start Study completion Study
First author and year ~ Type of Type of date: dd/ date: dd/mm/ length
of publication publication  Country source Type of sampling ~ mm/yyyy yyyy (months) Study design
Acevedo 2013 Conference  Uruguay NR Convenience 01/01/2010  31/12/2011 24 Cross-sectional
abstract (health system)
Barros dos Santos Full text Brazil NR Convenience 01/03/2014  31/10/2017 44 Cross-sectional
2019%2 (health system)
Bautista 20183 Conference  Colombia NR Convenience 01/01/2012  31/12/2017 72 Cross-sectional
abstract (health system)
Bazzo 20184 Full text Brazil NR Convenience 01/10/2015 31/12/2016 24 Cross-sectional
(health system)
Casco 2011%° Full text  Argentina Ambulatory Convenience 01/01/2005  30/12/2009 60 Cross-sectional
(health system)
Costa 2013%® Full text Brazii  Ambulatory Convenience 01/03/2011  28/02/2012 12 Cross-sectional
(health system)
Costa-Lourengo Full text Brazil NR Convenience 01/01/2006  31/12/2015 120 Cross-sectional
2018%7 (health system)
de los Méndez Conference Argentina NR Convenience 01/01/2000  31/12/2010 132 Epidemiological
201248 abstract (health system) surveillance study
Dillon 2013*° Full text LAC NR Convenience 01/01/1990  31/12/2011 263 Cross-sectional
(health system)
dos Santos 2017°° Conference Brazil NR Convenience 01/01/2003 31/12/2016 168 Cross-sectional
abstract (health system)
Flores Ferndndez Full text  Venezuela NR Convenience 01/02/2008  28/02/2009 13 Cross-sectional
2012°1 (health system)
Galarza 2014°2 Conference Argentina NR Convenience 01/01/2012  31/12/2012 12 Cross-sectional
abstract (health system)
Gianecini 2019°3 Fulltext ~ Argentina Ambulatory Convenience 01/01/2011  31/12/2016 72 Cross-sectional
(health system)
Gianecini 20172° Conference Argentina NR Convenience 01/01/2013  31/12/2015 36 Cross-sectional
abstract (health system)
Gianecini 2013°* Conference Argentina NR Convenience 01/01/2011  31/12/2011 12 Cross-sectional
abstract (health system)
Golfetto 2019°° Conference Brazil NR Convenience 01/01/2008  31/12/2016 108 Cross-sectional
abstract (health system)
Jorge Berrocal Full text Peru NR Convenience 01/10/2016  30/11/2017 14 Cross-sectional
2018°° (health system)
Martins 2019’ Full text Brazii  Ambulatory Convenience 01/01/2003  31/12/2015 156 Cross-sectional
(health system)
Medeiros 2013°® Full text Brazii  Ambulatory Convenience 01/09/2008  31/05/2012 45 Cross-sectional
(health system)
Montano 2016>° Conference Peru NR Convenience 01/02/2013  31/03/2016 38 Cross-sectional
abstract (health system)
Rahman 2017%° Conference Peru NR Convenience  01/01/2012  31/12/2016 60 Cross-sectional
abstract (health system)
Rivillas-Garcia Full text Colombia NR Convenience 01/01/2009  31/12/2018 120 Cross-sectional
20201 (health system)
Sanchez Palencia Full text Peru NR Convenience 01/01/2012  31/12/2013 24 Cross-sectional
2017%2 (health system)
Schijman 2018°%3 Conference Argentina NR Convenience 01/01/2012  31/12/2017 72 Cross-sectional
abstract (health system)
Thakur 20175 Full text LAC NR Convenience 01/01/2010  31/12/2011 24 Cross-sectional
(health system)
Uehara 2011%° Full text Brazil NR 01/01/2006  31/12/2010 60 Cross-sectional

Continued
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Table 1. Continued

Study start Study completion Study
First author and year ~ Type of Type of date:dd/  date: dd/mm/ length
of publication publication  Country source Type of sampling ~ mm/yyyy yyyy (months) Study design
Convenience
(health system)
Vacchino 2013%¢ Conference Argentina NR Convenience 01/01/1993 NR NR Cross-sectional
abstract (health system)
Vacchino 2017%7 Conference Argentina Ambulatory Convenience 01/01/2014  31/12/2015 24 Cross-sectional
abstract (health system)
Le Van 20198 Conference Peru NR Convenience 01/01/2012 31/12/2015 48 Cross-sectional
abstract (health system)
Vargas 2019%° Conference Peru  Ambulatory Convenience 01/01/2013  31/12/2016 48 Cross-sectional
abstract (health system)
Zotta 201470 Full text ~ Argentina Ambulatory Convenience 01/01/2005  31/12/2010 72 Cross-sectional

(health system)

LAC, Latin America and the Caribbean; NR, not reported.

literature®® and one study did not report the criteria used*?).
Eight studies (25.8%) did not report the criteria used, although
two used techniques to evaluate genes associated with resist-
ance, specifically mutations in the gyrA gene associated with
ciprofloxacin resistance.5%%9

Risk of bias assessment

Table S2 summarizes the risk of bias assessment; 22 studies
(71%) were assessed as being at moderate (fair) risk; 5 (16%)
were assessed as ‘good’ and 4 (13%) as ‘poor’. It should be noted
that many domains did not apply to the objectives of the in-
cluded studies, such as different levels of exposure or blinding
of evaluators.

Quality assessment of AMR studies

The results of the quality assessment of AMR studies are sum-
marized in Table S3. The quality was scored as high in 52% (n=
16) of the studies and moderate in the remaining 48% (n=15).
The most frequently missed items were not describing the popu-
lation from which samples were obtained (64.5%, n=20) and not
specifying whether a reference/control strain was included when
assessing antimicrobial susceptibility (48%, n=15). Other than
the studies that reported data from reference laboratories be-
longing to surveillance networks, participation in external quality
assessment was not reported in the studies.

Results of published AMR studies
Azithromycin

MIC values and resistance percentages were reported as de-
scribed in each study. Figure 2 shows data on the percentage
of strains resistant to azithromycin, and Table 2 shows the data
on reported MIC values of azithromycin. Twelve studies (60%) re-
ported resistance to azithromycin in at least 5% of strains
evaluated (Figure 2), with the highest percentage in Brazil

(32%, 2014-2017).%* The findings of this paper differ from data
reported by WHO-GASP and ReLAVRA (see below), where the
highest resistance rate reported for Brazil was 6.9% in 2016,
and a rate of 61% was reported for Peru. This may reflect the
small number of strains evaluated (<100), which could mean
the results are not representative. Furthermore, the study con-
ducted in Brazil evaluated strains from Rio de Janeiro, which
was not part of the Brazilian GASP Network, raising the possibility
that resistance to azithromycin in this city could be higher thanin
the rest of the country. However, despite discrepancies in the de-
tail, the overall pattern of data is consistent with emerging resist-
ance to azithromycin that is increasing over time.

Extended-spectrum cephalosporins

Figure 3 shows data on the percentage of strains resistant to
extended-spectrum cephalosporins, and Table 3 shows reported
MIC values of extended-spectrum cephalosporins. Consistent
with WHO-GASP and RelAVRA data, resistance to extended-
spectrum cephalosporins remains infrequent in the LAC region.
The percentage of strains with decreased susceptibility/resistance
for ceftriaxone was between 0.09% (Argentina, 2011-2016)°* and
7.2% (Argentina, 2005-2009)*°, for cefixime it was between 0.2%
(Argentina, 1993-not reported)®® and 6% (Brazil, 2006-2015),*’
and for both combined it was 5.5% (Argentina, 2013-2015)%° to
8.5% (Brazil, 2008-2016)° (Figure 3).

Ciprofloxacin, penicillin and tetracycline

Information on resistance to ciprofloxacin, penicillin and tetracycline
is shown in Tables 4-6 and Figures S1-S3. Resistance was high with
an indication of an increasing trend over time, although there was
no uniform pattern. Resistance to penicillin ranged from 17.6%
(Argentina, 2005-2009)" to 98% (Brazil, 2014-2017),** to tetracyc-
line from 20.7% (Argentina, 2012)°* to 90% (Venezuela, 2008),>*
and to ciprofloxacin from 5.9% (Argentina, 2000-2010)*® to 89%
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Figure 2. Percentage of strains resistant to azithromycin/number of strains evaluated in published studies. *Manaus, Salvador, Brasilia, Belo Horizonte,
Sdo Paulo, Florianopolis, Porto Alegre (Brazilian GASP Network). **Lima, Callao, Ancash, Ayacucho, Madre de Dios, Loreto, Ucayali. 119.4% of strains with
decreased sensitivity are reported, but MIC data are not provided. 2Percentage of resistant strains according to EUCAST criteria (according to CLSI cri-
teria, 25%). 3Percentoge of resistant strains according to EUCAST criteria (according to CLSI criteria, 1.9%). CABA, City of Buenos Aires; CLSI, Clinical and
Laboratory Standards Institute; EUCAST, European Committee on Antimicrobial Susceptibility Testing; GASSP-AR, Gonococcal Antimicrobial
Susceptibility Surveillance Programme—Argentina; GASP-LAC, Gonococcal Antimicrobial Surveillance Programme—Latin America and the

Caribbean; MIC, minimum inhibitory concentration; NR, not reported.

(Peru, 2012-2016).° The ciprofloxacin findings are consistent with
data from WHO-GASP and ReLAVRA (see below).

Spectinomycin and gentamicin

Resistance to spectinomycin was reported in 0% of strains in six
studies, and in 1% of strains in the remaining study (Peru, 2016-
2017)°° (Figure S&, Table 7). Of the three studies evaluating AMR
to gentamicin only two reported data, on a total of 355°* and
23779 strains. Reported resistance was 0% in both studies (MICso
and MICgq: 8 mg/L, range: 4-16 mg/L, criteria used for antimicrobial
susceptibility data from literature®®; MICso and MICgo: 8 mgiL,
range: 2-16 mg/L, criteria used for antimicrobial susceptibility not
reported??; there is no resistance breakpoint for gentamicin).

Other antibiotics

Resistance to the remaining antibiotics evaluated was 32.6% (181
strains evaluated) to erythromycin®® (MICse: 0.5 mg/L; MICoo:
4 mg/L; range: 0.032-256 mg/L; criteria used for antimicrobial sus-
ceptibility not reported; MIC breakpoint for resistance >2 mg/L),
11.9% (201 strains evaluated) to chloramphenicol*® (MICso:
0.38 mg/L; MICgp: 2 mg/L; range: 0.125-12 mg/L,; criteria used for
antimicrobial susceptibility, Dick Van et al. method; MIC breakpoint
for resistance >2 mgq/L), 36% (36 strains evaluated) to ofloxacin®®
(MIC data not reported; criteria used for antimicrobial susceptibil-
ity, CLSI; MIC breakpoint for resistance >2 mg/L), and 0% (20

strains evaluated) to cefoxitin®® (MIC data not reported; criteria
used for antimicrobial susceptibility, CLSI; MIC breakpoint for resist-
ance not reported).

WHO-GASP surveillance data

AMR information was obtained from the WHO-GASP surveillance
programme for ciprofloxacin, azithromycin, ceftriaxone and cefi-
xime between 2011 and 2018.”! Fourteen countries provided
data on ciprofloxacin resistance, with the number of years vary-
ing from 1 (Bolivia, Uruguay) to 14 (Argentina, Colombia)
(Table S4). The number of strains evaluated ranged from 1
(Brazil, 2015) to 2091 (Chile, 2018). The countries reporting the
highest resistance rates evaluated fewer than 100 strains each
year, and not all countries consistently provided data. However,
there were high rates of ciprofloxacin resistance, with a trend
to increase over time. The highest rates overall were reported
in Peru (78.6%-100%) and Ecuador (80%-100%) (Table S4).
Eight countries reported AMR data on azithromycin, for 2011-
2013 and 2015-2018, with all countries missing data in at least
one year (Table S5). The number of strains evaluated ranged from
5 (Ecuador 2018) to 2091 (Chile 2018). The countries reporting
the highest proportion of resistant strains were Colombia
(45.4% in 2017), Cuba (46.9% in 2017) and Peru (61% in 2015).
Although resistance to azithromycin is not as high as for cipro-
floxacin, it reached >5% (the level recommended by the WHO
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Table 2. Azithromycin MIC values reported in published studies®

First author and year of ~ Totalisolates R (%)/total MICsq MICqo Range Method used for MIC  Resistance breakpoints used

publication isolates evaluated (ma/L) (mg/L) (mg/L) determination (MIC breakpoint for R)

Casco 2011 13 (7.2)/181 0.125 0.5 0.001 to 16 agar dilution NR (R>1 mg/L)
(Argentina)*®

Zotta 2014 3 (6.25)/48 — — 0.125to 1 agar dilution CLSI (NR)
(Argentina)’®

Galarza 2014 0 (0)/404 0.25 0.5 — agar dilution CLSI (NR)
(Argentina)®?

Vacchino 2017 NR/40 0.25 0.5 — agar dilution CLSI (NR)
(Argentina)®’

Martins 2019 (Brazil)*’ 8 (6.7)/119 0.25 0.5 <0.015to>1 agar dilution EUCAST (R>0.5 mg/L)

Costa-Lourenco 2018 20(17.2)/116 0.25 2 0.032to 16 agar dilution CLSI (NR)
(Brazil)*’

Costa 2013 (Brazil)*® 9 (4.5)/201 0.125 0.38 0.016 to 12 DD/Etest CDC criteria (R>1 mg/L)

Bazzo 2018 (Brazil)** 38 (6.9)/550 (EUCAST) 0.06 0.5 0.03to 8 agar dilution EUCAST/CLSI

7 (1.3)/550 (CLSI) (R>1mg/L)

°All MIC data expressed in mg/L; however, some of the original studies used units of pug/mL. CDC, Centers for Disease Control; CLSI, Clinical and
Laboratory Standards Institute; DD, disk diffusion; EUCAST, European Committee on Antimicrobial Susceptibility Testing; MIC, minimum inhibitory
concentration; NR, not reported; R, resistant. MICso: MIC of the antibiotic that inhibits the growth of 50% of the strains. MICgo: MIC of the antibiotic

that inhibits the growth of 90% of the strains.
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Figure 3. Percentage of strains with decreased sensitivity or resistant to extended-spectrum cephalosporins/number of strains evaluated in published
studies. *Manaus, Salvador, Brasilia, Belo Horizonte, Sdo Paulo, Florianopolis, Porto Alegre (Brazilian GASP Network). **Lima, Callao, Ancash, Ayacucho,
Madre de Dios, Loreto, Ucayali. 1Twenty strains reported in Argentina, Brazil, Chile, Cuba and Uruguay. 20ne strain reported in Cuba. 3Twelve strains
reported in Argentina (eight), Chile (three) and Uruguay (one). CABA, City of Buenos Aires; CFX, cefixime; CRO, ceftriaxone; GASSP-AR, Gonococcal
Antimicrobial Susceptibility Surveillance Programme—Argentina; GASP-LAC, Gonococcal Antimicrobial Surveillance Programme—Latin America and

the Caribbean; NR, Not reported.
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Table 3. Extended-spectrum cephalosporin MIC values reported in published studies®

Total isolates

Resistance

DS-R breakpoints
First author and year of (%)/total isolates MICsq MICqo Method used for MIC used (MIC breakpoint
publication evaluated (mg/L) (mg/L) Range (mg/L) determination for S)
Ceftriaxone
Casco 2011 (Argentina)*® 13 (7.2)/181 0.004 0.032 0.001-0.25 agar dilution CLSI (NR)
Zotta 2014 (Argentina)’® 0 (0)/48 — — 0.002-0.16 agar dilution CLSI (NR)
Gianecini 2019 (Argentina)>® 3(0.08)/3478 0.06 0.125 0.06-0.5 agar dilution EUCAST (NR)
Galarza 2014 (Argentina)®? 0 (0)/404 0.008 0.032 — agar dilution CLSI (NR)
Vacchino 2017 (Argentina)®’ 0 (0)/40 0.008 0.016 — agar dilution CLST (NR)
Martins 2019 (Brazil)*’ 0 (0)/124 0.002 0.015 <0.001-0.06 agar dilution EUCAST (S<

0.125 mg/L)
Costa 2013 (Brazil)*® 0 (0)/201 0.002- — — DD/Etest CLSI (S<0.25 mg/L)
0.032

Bazzo 2018 (Brazil)** 0 (0)/550 0.008 0.016 0.0005-0.125 agar dilution/Etest CLSI (5<0.25 mg/L)
Thakur 2017 (LAC)®* 1(0.1)/987 — — — agar dilution/DD/Etest CLSI (NR)

(2010)

12 (0.98)/1215 — — 0.125-0.25

(2011)
Cefixime
Gianecini 2019 (Argentina)®* 79 (2.3)/3478 0.125 0.25 0.125-0.5 agar dilution EUCAST (NR)
Vacchino 2013 (Argentino)66 10 (0.17)/5649 — — 0.125-0.5 agar dilution CLST (NR)
Vacchino 2017 (Argentina)®’ 2 (5)/40 0.016 0.03 — agar dilution CLSI (NR)
Costa-Lourenco 2018 7 (6)/116 0.016 0.125 0.001-0.25 agar dilution CLSI (NR)

(Brazil)*’
Costa 2013 (Brazil)*® 0 (0)/201 0.016- — — DD/Etest CLSI (S<0.25 mg/L)
0.125

Bazzo 2018 (Brazil)** 0 (0)/550 0.008 0.06 0.0005-0.250 agar dilution/Etest CLSI (5<0.25 mg/L)

SAll MIC data expressed in mg/L; however, some of the original studies used units of pg/mL. CLSI, Clinical and Laboratory Standards Institute; DD, disk
diffusion; DS-R, decreased susceptibility-resistant; EUCAST, European Committee on Antimicrobial Susceptibility Testing; MIC, minimum inhibitory con-
centration; NR, not reported; S, susceptibility. MICso: MIC of the antibiotic that inhibits the growth of 50% of the strains. MICqo: MIC of the antibiotic that

inhibits the growth of 90% of the strains.

to discontinue the use of an antibiotic as first-line empirical gon-
orrhoea treatment) in several countries and years.

Data on decreased susceptibility/resistance were reported
from 14 countries for ceftriaxone (Table S6) and 12 countries
for cefixime (Table S7), with missing years in all countries except
Argentina. Strains with decreased susceptibility/resistance to cef-
triaxone were reported in three countries—Argentina (0.15% in
2014), Peru (2.38% in 2016) and Bolivia (80% in 2014)—and de-
creased susceptibility/resistance to cefixime was reported in one
country, Argentina (0.15% in 2015).

ReLAVRA surveillance data

From ReLAVRA, we obtained data on resistance to ciprofloxacin,
azithromycin and ceftriaxone between 2011 and 2019.”% Data
on resistance to ciprofloxacin and ceftriaxone were reported
from nine countries and data on azithromycin resistance by six.
The total number of strains evaluated and the percentage of re-
sistance were the same in both ReLAVRA and WHO-GASP, and
therefore we assumed that these countries send information to

both surveillance networks. The only difference we found was
that in ReLAVRA the antibiotic susceptibility assessment method
has been reported since 2017. Argentina, Chile, Cuba and Peru
evaluated the MIC; El Salvador, the Dominican Republic and
Paraguay used the DD method; and Colombia used both.

For ciprofloxacin in 2016-2018, most of the strains evaluated
had MIC values >1 mg/L, which categorizes them as resistant.
The highest percentage of strains with MIC of 2 mg/L occurred
in 2016 (24.73%) and 2018 (21.13%) and the MIC was 4 mg/L
in 28.92% of strains in 2017. For azithromycin in 2016-2018,
most of the strains evaluated had a MIC within the susceptibility
range (<1 mg/L). Less than 1% of the strains evaluated had a
high-level resistance to azithromycin (>256 mg/L): 0.10% in
2016,0.17%in 2017% and 0.55% in 2018. Ceftriaxone resistance
reported to ReLAVRA was less than 1%. The only country that re-
ported non-susceptible isolates was Argentinain 2014, with 0.2%
of non-susceptible strains out of a total of 679 strains evaluated.
In 2016-2018, most of the strains evaluated had a MIC within the
susceptibility range (<0.25 mg/L).
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Table 4. Ciprofloxacin MIC values reported by published studies®

First author and year of ~ Total isolates R (%)/total MICsq MICqo Range Method used for MIC Resistance breakpoints used
publication isolates evaluated (mg/L) (mg/L) (mg/L) determination (MIC breakpoint for R)
Casco 2011 47 (25.8)/181 0.016 16 0.001 to 32 agar dilution CLSI (NR)
(Argentina)*®
Zotta 2014 14 (29.5)/48 — — 0.004 to 16 agar dilution CLSI (NR)
(Argentina)’®
Galarza 2014 198 (49)/404 0.016 16 — agar dilution CLSI (NR)
(Argenting)®?
Vacchino 2017 NR/40 1 4 — agar dilution CLSTI (NR)
(Argentina)®’
Martins 2019 (Brazil)*’ 20 (15.3)/124 0.002 >2 <0.00025 to agar dilution EUCAST (R> 0.06 mg/L)
>2
Costa-Lourenco 2018 75 (64.7)/116 2 16 0.002 to 32 agar dilution CLSI (NR)
(Brazil)*”
Costa 2013 (Brazil)*® 43 (21.4)/201 0.002 4 0.002 to DD/Etest CLSI (R>1 mg/L)
>32
Bazzo 2018 (Brazil)** 306 (55.6)/550 0.016 8 0.001 to 32 agar dilution CLSI (R>1 mg/L)

SAll MIC data expressed in mg/L; however, some of the original studies used units of pg/mL. CLSI, Clinical and Laboratory Standards Institute; DD, disk
diffusion; EUCAST, European Committee on Antimicrobial Susceptibility Testing; MIC, minimum inhibitory concentration; NR, not reported; R,
resistant. MICso: MIC of the antibiotic that inhibits the growth of 50% of the strains. MICgo: MIC of the antibiotic that inhibits the growth of 90% of
the strains.

Table 5. Penicillin MIC values reported by published studies®

Total isolates R Resistance breakpoints

First author and year (%)/total isolates MICsq MICog Range Method used for MIC  used (MIC breakpoint Resistance
of publication evaluated (mg/L)  (mg/L) (mg/L) determination for R) phenotypes (%)°
Casco 2011 32 (17.6)/181 0.5 4 0.001 to agar dilution CLSI (NR) PPNG (12.6), CMPR

(Argentina)*® >256 (23.7)
Zotta 2014 10 (20.9)/48 — — 0.125 to agar dilution CLST (NR) PPNG (8.4), CMPR

(Argentina)’® 128 (2.1), CMRNG

(10.4)

Galarza 2014 148 (37)/404 1 8 — agar dilution CLSI (NR) NR

(Argentina)*?
Vacchino 2017 NR/40 0.5 4 — agar dilution CLST (NR) NR

(Argentina)®’
Martins 2019 73 (59)/124 4 >4 <0.015to agar dilution EUCAST (R>1mg/L) NR

(Brazil)®’ >4
Costa-Lourenco 2018 68 (59)/116 2 16 0.064 to agar dilution CLSI (NR) NR

(Brazil)*’ 32
Costa 2013 (Brazil)*® 45 (22.4)/201 0.25 6 0.008 to DD/Etest CLSI (NR) PPNG (19.5), CMPR

256 (4),
CMRNG (2)
Bazzo 2018 (Brazil)** 204 (37)/550 0.5 8 0.016 to agar dilution CLSI (R>2 mg/L) NR
128

SAll MIC data expressed in mg/L; however, some of the original studies used units of ug/mL. CLSI, Clinical and Laboratory Standards Institute; CMPR,
chromosomally mediated penicillin resistance (non-PPNG, tetracycline MIC <2.0 mg/L and penicillin MIC >2.0 mg/L); CMRNG, chromosomally resistant
N. gonorrhoeae (non-PPNG, non-TRNG [tetracycline-resistant N. gonorrhoeae], penicillin MIC >2.0 mg/L and tetracycline MIC 2.0-8.0 mg/L); DD, disk
diffusion; EUCAST, European Committee on Antimicrobial Susceptibility Testing; MIC, minimum inhibitory concentration; NR, not reported; PPNG,
penicillinase-producing N. gonorrhoeae (B-lactamase positive); R, resistant. MICso: MIC of the antibiotic that inhibits the growth of 50% of the
strains. MICgq: MIC of the antibiotic that inhibits the growth of 90% of the strains.

PThe percentages refer to the total isolates evaluated.
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Table 6. Tetracycline MIC values reported by published studies®

Total isolates R Resistance breakpoints
First author and year (%)/total isolates MICso MICqo Range  Method used for MIC  used (MIC breakpoint Resistance
of publication evaluated (mg/L)  (mg/l) (mg/L) determination for R) phenotypes (%)°
Casco 2011 41 (23)/181 1 4 0.032 to agar dilution CLSI (NR) NR
(Argentina)*® 64
Zotta 2014 13 (27.1)/48 — — 0.125 to agar dilution CLSI (NR) TRNG (4.2), CMTR
(Argentina)’® 16 (12.6), CMRNG
(10.4)
Galarza 2014 120 (30)/404 1 16 — agar dilution CLSI (NR) NR
(Argentina)®?
Vacchino 2017 NR/40 1 32 — agar dilution CLSI (NR) NR
(Argentina)®’
Costa-Lourenco 2018 76 (65.5)/116 4 32 0.032 to agar dilution CLSI (NR) NR
(Brazil)*’ 32
Costa 2013 (Brazil)*® 65 (32)/201 0.5 16 0.032 to DD/Etest CLSI (=2 mg/L) TRNG (16.5), CMTR
32 (15.4), CMRNG (2)
Bazzo 2018 (Brazil)** 339 (62)/550 2 32 0.125to agar dilution CLSI (R>2 mg/L) NR
>32

°All MIC data expressed in mg/L; however, some of the original studies used units of pg/mL. CLSI, Clinical and Laboratory Standards Institute; CMRNG:
chromosomally resistant N. gonorrhoeae (non-PPNG, non-TRNG, penicillin MIC >2.0 mg/L and tetracycline MIC 2.0-8.0 mg/L); CMTR, chromosomally
mediated tetracycline resistance (non-PPNG [penicillinase-producing N. gonorrhoeae], non-TRNG, penicillin MIC <2.0 mg/L and tetracycline MIC >2.0-
8.0 mg/L); DD, disk diffusion; MIC, minimum inhibitory concentration; NR, not reported; R, resistant; TRNG, tetracycline-resistant N. gonorrhoeae (tetra-
cycline MIC >16 mg/L and B-lactamase negative). MICso: MIC of the antibiotic that inhibits the growth of 50% of the strains. MICq0: MIC of the antibiotic
that inhibits the growth of 90% of the strains.

PThe percentages refer to the total isolates evaluated.

Table 7. Spectinomycin MIC values reported by published studies®

First author and year of  Total isolates R (%)/total MICsq MICqg Range Method used for MIC Resistance breakpoints used

publication isolates evaluated (mg/L) (mg/L) (mg/L) determination (MIC breakpoint for R)

Casco 2011 0 (0)/181 16 64 0.5-64 agar dilution CLSTI (NR)
(Argentina)“®

Zotta 2014 0(0)/48 — — 16-32 agar dilution CLSI (NR)
(Argentina)”®

Costa 2013 (Brazil)*® 12 (6)/201 4-24 — — DD/Etest CLSI (NR)

9All MIC data expressed in mg/L; however, some of the original studies used units of pg/mL. CLSI, Clinical and Laboratory Standards Institute; DD, disk
diffusion; MIC, minimum inhibitory concentration; NR, not reported; R, resistant. MICso: MIC of the antibiotic that inhibits the growth of 50% of the
strains. MICgo: MIC of the antibiotic that inhibits the growth of 90% of the strains.

Discussion Our results from LAC are generally consistent with published
information from other regions of the world. This review identi-
fied high resistance to penicillin, tetracycline and ciprofloxacin
(resistance to penicillin ranged from 17.6%"° to 98%,"* to tetra-

data from six countries across the LAC region, indicating a short- cycline 1;room .20'7%5.2 to 90%,”” and to ciprofloxacin from 5'9%?8
age of information for the region. Furthermore, although the t0 89%™). High resistance to these drugs was also reported in
number of countries reporting data to the WHO-GASP network ~ Affica (resistance to penicillin 75%, to tetracycline 91.7% and
has increased over time, only 19% of countries in the Americas  to ciprofloxacin 37.5%)”* and the Asia-Pacific region (resistance
region participated in 2016,* highlighting that the surveillance  to ciprofloxacin >5% was reported by 88.7% of studies).”* In
of AMR to N. gonorrhoeae in the region remains suboptimal. 2020, Australia reported resistance to penicillin of 26.6%, to

Our literature search did not identify any systematic review
evaluating AMR to N. gonorrhoeae in LAC published in the last
10 years. The search identified 31 published studies reporting
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tetracycline 30% and to ciprofloxacin 36.4%,”> and in the USA re-
ported resistance to ciprofloxacin in 2019 was 35.4%, the highest
recorded.”® Europe reported high resistance to ciprofloxacin of
50.3% in 2018.”7

Our results indicate increasing resistance to azithromycin in
LAC (60% of studies reported resistance in at least 5% of strains
evaluated, with the highest percentage [32%] in Brazil*%), and
this was also consistent with results from other regions. In
Africa, the reported resistance was 42%,”* and in the
Asia-Pacific region the percentage of resistance was 0.1%-5%,
with 23.5% of reports showing resistance >5%, and an increase
in reports with resistance to azithromycin >5% from 14.3% in
2011 to 38.9% in 2016.7* Australia reported a decrease in azith-
romycin resistance from 9.3% in 2017 to 3.9% in 2020, finding a
single strain with high-level resistance (MIC >256 mg/L),”® al-
though the USA reported 5.1% of isolates with an elevated MIC
to azithromycin.”® In Europe, the resistance found was 7.6%
(MIC >1 mg/L according to EUCAST) in 2018, and five strains
had a MIC >256 mg/L.”’

Resistance to the extended-spectrum cephalosporins ceftri-
axone and cefixime was infrequent in our review, and this is
also consistent with findings from other regions. No reported re-
sistance to ceftriaxone was found in Africa.”® Reports with >5%
of isolates with decreased susceptibility (MIC >0.125 mg/L) in-
creased from 14.3% to 35.3% in Asia-Pacific between 2011 and
2016, and remained stable between 2016 and 2018 in
Australia at 0.04%-0.06%, increasing to 0.11% in 2019 (five strains
with MIC >0.25 mg/L) and 0.9% in 2020 (one strain was resist-
ant).”” In the USA, 0.1% of the isolated strains had a high MIC to
ceftriaxone in 2019,”® and in Europe three resistant strains were re-
ported (two with MIC=0.25 mg/L, one with MIC=0.5 mg/L), com-
pared with zero resistant strains in 2016 and 2017.”” We found less
information on resistance to cefixime. Between 1982 and 2012,
118 isolates of N. gonorrhoeae were found with MIC >0.25 mgl/L,
most in the USA (n=60) and Japan (n=42), with a susceptibility
rate ranging from 92.2% to 100% (none from LAC countries).*® In
Europe, resistance has remained stable at around 2% since 2014,
with three strains with MIC >0.5 mg/L in 2017 and five in 2018.”’

We found few published data on resistance to gentamicin and
spectinomycin. Australia did not report resistance to gentamicin
(the first year it included this antibiotic) or spectinomycin in
2020.° Also, in Canada no resistance to spectinomycin was
found in 2014.78 In Africa, however, the reported resistance to
gentamicin was 28.6%.”* The reasons for this apparent regional
difference in gentamicin resistance are not clear. Further data
about patterns of resistance to these two antibiotics would be
valuable, because they are potential alternative treatment op-
tions for gonorrhoeq, although with some limitations (for ex-
ample, spectinomycin is not available in many countries and is
not useful for the treatment of pharyngeal infections).

The first-line empirical treatment for gonorrhoea currently re-
commended by WHO and in most countries is the combination of
ceftriaxone plus azithromycin. However, in 2018 and 2020, re-
spectively, the UK'® and CDC in the USA® updated their guidelines
to recommend monotherapy with ceftriaxone, with the addition
of doxycycline in the USA guidelines if concomitant chlamydial
infection cannot be excluded. This change is due to growing
concern about the potential impact of dual azithromycin therapy
on commensal organisms and other concurrent pathogenic

microorganisms, along with low resistance to ceftriaxone and in-
creasing resistance to azithromycin. In addition, azithromycin
has a prolonged half-life in plasma, up to 14 days, so the use of
this antibiotic in the case of an undiagnosed N. gonorrhoeae infec-
tion could result in prolonged exposure to subinhibitory concentra-
tions, potentially promoting the emergence of resistance.”®

This review has some limitations. We were not able to assess
AMR in relation to the demographic characteristics of the popula-
tion or the type of gonococcal infection, because few studies pro-
vided that information. One study correlated the resistance data
with the sexual orientation of the population included, finding a
higher proportion of strains resistant to ciprofloxacin in MSM com-
pared with heterosexual men.*® It is possible that some AMR data
found have been reported by several studies, especially those pro-
viding data from WHO-GASP, GASSP-AR and the Brazilian GASP
Network. We attempted to exclude, as far as possible, articles
with duplicate publication of data. Antibiotic susceptibility out-
comes were described as in the original studies, and methodo-
logical variations or differences in study quality may have
affected our findings. We did not include data on resistance phe-
notypes, which could have improved assessment of resistance.

In conclusion, the limited evidence identified by this system-
atic review on AMR in N. gonorrhoeae in LAC indicates that resist-
ance to azithromycin is increasing, consistent with findings
elsewhere in the world. This, combined with its long half-life
and potential effects on promoting AMR development, raises
questions over its usefulness as part of the first-line empirical
treatment for gonorrhoeal infections. Treatment guidelines in
the UK and USA have already recommended removing azithro-
mycin from first-line therapy. Resistance to extended-spectrum
cephalosporins remains infrequent in LAC, supporting their pos-
ition as the last empirical treatment option available for gonor-
rhoea. The small number of LAC countries with published
studies, and the limited number contributing data to surveillance
networks such as WHO-GASP and ReLAVRA, indicates that surveil-
lance for AMR in N. gonorrhoeae is suboptimal in the LAC region.
To better understand the development of AMR and to slow the
emergence of resistance, it will be important to strengthen anti-
microbial susceptibility surveillance networks for N. gonorrhoeae
in the LAC region. This can be addressed by putting in place STI sur-
veillance systems that can monitor AMR, thereby increasing the
number of countries reporting data on AMR in N. gonorrhoeae,
and capacity-building to establish regional networks of laborator-
ies to perform gonococcal culture with quality-assured and
comparable AMR surveillance nationally and internationally.
Programmes could be established for the rational use of antibiotics
to increase awareness of correct use of antibiotics among health-
care providers and consumers, with effective drug regulations and
prescription policies. Further possibilities include considering the
potential for preventive messages and interventions such as edu-
cation regarding symptomatic and asymptomatic STIs, promotion
of safe sexual behaviours including increased condom use, en-
hanced sexual partner notification and treatment, and expansion
of targeted interventions including screening in some settings for
vulnerable populations such as sex workers, MSM and adolescents.
Effective early detection and diagnosis of STIs could improve test-
ing and control of gonorrhoeaq, including testing for cure and sys-
tematic monitoring of treatment failures, ideally linked to
general HIV/STI clinics, and recommended appropriate treatment
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regimens, for which public health guidelines and policies are es-
sential. Finally, research would be valuable into identification of al-
ternative effective treatment regimens, especially novel treatment
options and vaccines.
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