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Objectives: To (i) describe the nationwide antimicrobial susceptibility of Neisseria gonorrhoeae (NG) isolates
cultured across Brazil in 2018–20 and compare it with NG antimicrobial resistance data from 2015–16, and
(ii) present epidemiological data of the corresponding gonorrhoea patients in 2018–20.

Methods: Twelve representative sentinel sites cultured NG isolates from men with urethral discharge.
Susceptibility to eight antimicrobials was examined using agar dilution method, according to WHO standards.
The consenting participants were invited to provide epidemiological data.

Results: In total, 633 NG isolates (one isolate per participant) were analysed, and 449 (70.9%) questionnaires were
answered. Heterosexual (68.2%) and homosexual (23.1%) sexual orientations were common, and most prevalent
types of unprotected sexual intercourse were vaginal insertive (69.9%), oral giving (56.6%) and anal insertive
(47.4%). The levels of in vitroNG resistance to ciprofloxacin, tetracycline, benzylpenicillin, azithromycin, cefixime, gen-
tamicin, spectinomycin and ceftriaxone were 67.3%, 40.0%, 25.7%, 10.6%, 0.3%, 0%, 0% and 0%, respectively.
Compliance with the recommended first-line ceftriaxone 500 mg plus azithromycin 1 g therapy was high (90.9%).

Conclusions: Compared with 2015–16, ciprofloxacin resistance has remained high and azithromycin and cefix-
ime resistance rates have increased in Brazil. Resistance remained lacking to ceftriaxone, gentamicin and spec-
tinomycin, which all are gonorrhoea treatment options. The increasing azithromycin resistance in Brazil and
internationally may threaten the future use of azithromycin in dual regimens for treatment of gonorrhoea.
Consequently, continued and enhanced quality-assured surveillance of gonococcal AMR, and ideally also treat-
ment failures and including WGS, is imperative in Brazil and worldwide.

Introduction
Gonorrhoea is a common sexually transmitted infection (STI),
caused by Neisseria gonorrhoeae (gonococcus), with an esti-
mated global incidence of 82.4 million cases among adults in
2020.1 Gonorrhoea can result in serious complications and se-
quelae, disproportionally affecting women, including pelvic
inflammatory disease, ectopic pregnancy, infertility and in-
creased HIV transmission. Effective, accessible and affordable

antimicrobial treatment in conjunction with conventional pre-
vention, rapid diagnosis and epidemiological measures are the
mainstays for management and control of gonorrhoea.2,3

It is a grave concern that N. gonorrhoeae has developed or ac-
quired resistance to all antimicrobials introduced for treatment
since the 1930s. Over the past 70–80 years, treatment options
have diminished rapidly due to the emergence and spread of
antimicrobial resistance (AMR) to all drugs previously used or con-
sidered for first-line treatment (sulphonamides, penicillins,
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tetracyclines, spectinomycin, early-generation cephalosporins,
trimethoprim combinations, macrolides and fluoroquino-
lones).3–6 In most global settings, the third-generation,
extended-spectrum cephalosporins (ESCs) ceftriaxone (injectable)
and cefixime (oral) are the only remaining options for first-line em-
pirical antimicrobial monotherapy of gonorrhoea. However, in the
past two decades, gonococcal strains with in vitro and clinical re-
sistance or decreased susceptibility to ceftriaxone and cefixime
have also emerged globally.3–12 The emergence and international
spread ofMDR and sporadic XDRgonococcal strains and treatment
failures with ESCs have evolved gonorrhoea into a great public
health issue, alerting about the future prospect of untreatable
gonorrhoea.3–9 Accordingly, enhanced global AMR surveillance is
imperative.7–9

The surveillance of N. gonorrhoeae AMR has in most South
American countries been limited, sporadic, lacking representa-
tiveness and epidemiological data, and even completely absent
in many countries.7–9 In Brazil, syndromic management of STIs
was implemented in 1993,13 which resulted in limited aetiologic-
al diagnosis of STIs including gonococcal culture and subsequent
antimicrobial susceptibility testing. However, in recent years
aetiological diagnosis of STIs has been increasingly reestablished
and, in 2015, the first national gonococcal AMR surveillance pro-
gramme was established.11 The first round of AMR surveillance
identified, for example, high levels of ciprofloxacin resistance
and directly informed revisions of the national treatment guide-
lines, i.e. in 2017 ciprofloxacin was replaced with ceftriaxone
(500 mg) in combination with azithromycin (1 g) for first-line em-
pirical therapy for uncomplicated gonococcal infections.14

However, it was also concluded that the AMR surveillance should
be enhanced and include additional representative isolates
(increased number of isolates and from additional geographic
settings), additional antimicrobials and epidemiological data of
the patients.

The present study aimed to (i) describe the antimicrobial sus-
ceptibility of N. gonorrhoeae isolates cultured across Brazil in
2018–20 and compare it with N. gonorrhoeae AMR data from
2015–16,11 and (ii) present epidemiological data of the corre-
sponding male patients with gonorrhoea. These types of data
are crucial to inform the national STI and gonorrhoea treatment
guidelines14 and national STI surveillance programmes in Brazil.
Improvements compared with the previously published first na-
tional gonococcal AMR surveillance in Brazil11 included: five add-
itional sentinel surveillance sites were included; the number of
examined gonococcal isolates was increased; two additional
antimicrobials were examined; the latest panel of WHO N. gonor-
rhoeae reference strains was used for quality control; and epi-
demiological data were collected.

Materials and methods
Sentinel sites, biological samples and patient
epidemiological data
Twelve sentinel sites appropriately representing all the fivemain Brazilian
regions were selected for patient recruitment and subsequent sample
collection. All 12 sites were visited for provision of clinical and laboratory
training, standardization and quality assurance of sampling procedures.
Subsequently, consecutive men aged ≥18 years with urethral discharge

were, after written informed consent, enrolled from August 2018 to
December 2020. Exclusion criteria were as follows: individuals that had
(i) not had their sexual debut; (ii) been exposed to a suspected sexual
abuse; (iii) been receiving systemic antimicrobial therapy ≤7 days prior
to attendance and/or (iv) been using topicalmedications in the urogenital
region. All participants were invited to fill in an epidemiological question-
naire, which included queries regarding sexual orientation, gender iden-
tity, type of unprotected sexual intercourse and treatment received for
current gonorrhoea episode (Table 1). All patients were aimed to be trea-
ted empirically in accordance with the national treatment guidelines.14

From each participant, a urethral sample was collected using a urethral
swab, which was placed in Amies transport medium (Copan, Brescia,
Italy).

N. gonorrhoeae culture

The urethral swab samples were inoculated on non-selective chocolate
agar (Laborclin, Pinhais, Brazil) and selective Thayer–Martin medium
(Laborclin). The agar plates were incubated at 35±1°C in a humid 5%
CO2-enriched atmosphere for 24 h. If no growth was observed after
24 h, the agar plates were incubated for additional 24 h. Suspected N. go-
norrhoeae colonies were preserved in tryptic soy broth supplemented
with 20% glycerol at −80°C before shipment to the reference laboratory,
i.e. Molecular Biology, Microbiology and Serology Laboratory (LBMMS),
Federal University of Santa Catarina, Florianópolis. At LBMMS, colonies
were species-identified as N. gonorrhoeae using Gram stain, catalase
and oxidase tests, VITEK®2 system (bioMérieux, Marcy-l’Étoile, France),
and a duplex in-house PCR targeting the porA pseudogene and 16S
rRNA gene.15,16

Table 1. Epidemiological and treatment information for gonorrhoea
patients (n=449) across Brazil 2018–20

Epidemiological data Percentage

Sexual orientation
Heterosexual 68.2
Homosexual 23.1
Bisexual 7.8
Not reported 0.9

Gender identity
Male cis 87.1
Female trans 0.6
Transvestite 0.2
Not reported 12.0

Unprotected sexual intercourse
Anal insertive 47.4
Anal receptive 14.3
Vaginal insertive 69.9
Oral giving 56.6
Oral receptive 49.2

Therapy
CRO 500 mg IM+AZM 1 g PO 90.9
CIP 500 mg PO+AZM 1 g PO 4.0
Other scheme 1.8
Not reported 3.3

CRO, ceftriaxone; IM, intramuscular; AZM, azithromycin; PO, per os/orally;
CIP, ciprofloxacin.

Machado et al.

2 of 8



Antimicrobial susceptibility testing
The MICs (mg/L) of ceftriaxone, cefixime, azithromycin, ciprofloxacin,
spectinomycin, gentamicin, benzylpenicillin and tetracycline were deter-
mined by the agar dilution method, in accordance with recommenda-
tions by CLSI.17 For quality control of each MIC determination, five
gonococcal reference strains were selected from CLSI (ATCC 49226)
and WHO (WHO F, G, K, L, M, N, O, P, U, V, W, X, Y, Z18). An agreement of
±1 MIC log2 dilution between the measured MIC and the reference strain
MIC was required. Etest strips (bioMérieux) were used to confirm high
MICs of ceftriaxone, cefixime and azithromycin. The MICs were inter-
preted using clinical breakpoints recommended by EUCAST, where avail-
able.19 The clinical breakpoints (susceptible, resistant) were as follows:
ceftriaxone and cefixime (≤0.125 mg/L, >0.125 mg/L); ciprofloxacin
(≤0.03 mg/L, >0.06 mg/L); benzylpenicillin (≤0.06 mg/L, >1.0 mg/L); tetra-
cycline (≤0.5 mg/L, >2.0 mg/L); and spectinomycin (≤64 mg/L, >64 mg/
L).19 For azithromycin and gentamicin, for which EUCAST and CLSI do
not state any clinical interpretative criteria, the epidemiological cut-off
(ECOFF; MIC >1.0 mg/L,19 referred to as resistant hereafter) and previ-
ously published breakpoints (≤4 mg/L, >16 mg/L), respectively, were
applied.20

Ethics approval
The study was approved by the Committee of Ethics in Research with
Human Beings, Brazil; assent number 2.524.656 and CAAE
83053818.4.0000.0121.

Results
N. gonorrhoeae isolates
In total, 1189 urethral discharge samples (one sample per pa-
tient) were collected, and 838 suspected gonococcal isolates
were cultured and subsequently sent frozen to the reference la-
boratory LBMMS. However, especially due to suboptimal storage
in three sentinel sites, only 633 viable species-verified N. gonor-
rhoeae isolates were available for antimicrobial susceptibility
testing. Of these isolates (n=633), 34.9% (n=221) were cultured
in the Southeast region [Belo Horizonte (n=98), Ribeirão Preto
(n=94), São Paulo (n=15), São José dos Campos (n=14)];
22.4% (n=142) in South [Florianópolis (n=72), Porto Alegre
(n=57), Curitiba (n=13)]; 16.9% (n=107) in Northeast [Recife
(n=97), Salvador (n=10)]; 15.3% (n=97) in North (Manaus);
and 10.4% (n=66) in Central-West (Distrito Federal). The geo-
graphic distribution and number of N. gonorrhoeae isolates ob-
tained from each sentinel site across Brazil is illustrated in
Figure S1 (available as Supplementary data at JAC-AMR Online).

Epidemiological data of gonorrhoea patients
Out of the 633 included patients with gonorrhoea, 449 (70.9%)
responded to the epidemiological questionnaire. These re-
sponses are summarized in Table 1. Briefly, the mean age of re-
spondents was 28.1 years (median age: 26 years), ranging from
18 to 70 years. Most prevalent were brown people (47.2%), fol-
lowed by Caucasians (30.7%) and black people (20.1%).

Most of the respondents self-declared as heterosexuals
(68.2%) and male cis (87.1%), although 23.1% and 7.8% de-
clared themselves as homosexual or bisexual, respectively.
Type of unprotected sexual intercourse was a multiple-choice

question. Vaginal insertive intercourse was the most frequently
reported practice (69.9%), followed by oral giving (56.6%).
Insertive anal sex (47.4%) and receptive oral sex (49.2%) were
also common (Table 1).

In total, 90.9% of respondents received the currently recom-
mended dual therapy (ceftriaxone plus azithromycin),14 4.0% a
dual therapy based on ciprofloxacin plus azithromycin, and
1.8% other regimens, including azithromycin 1 g (n=4), ceftriax-
one 1 g, ceftriaxone 500 mg plus doxycycline, ceftriaxone
500 mg plus metronidazole, or doxycycline (one respondent
each) (Table 1).

Antimicrobial susceptibility and resistance
The results of the antimicrobial susceptibility testing of all gono-
coccal isolates (n=633) are summarized in Table 2. On a national
level, 67.3% and 40.0% of isolates were resistant to ciprofloxacin
and tetracycline, respectively. The vast majority of isolates
(97.0%) showed resistance (25.7%) or susceptibility, increased
exposure (71.3%) to benzylpenicillin. In total, 10.6% and 0.3%
(n=2; from Belo Horizonte and Ribeirão Preto in Southeast region,
respectively) of isolates were resistant to azithromycin and cefix-
ime, respectively. No isolates were resistant to gentamicin, al-
though 31.3% showed susceptibility, increased exposure. All
isolates were susceptible to ceftriaxone and spectinomycin.

In Figure 1, the MIC distributions for azithromycin, ceftriaxone,
cefixime and gentamicin are presented.

The MIC distribution for ceftriaxone showed that 0.3% (2/633)
of isolates had a ceftriaxone MIC of 0.125 mg/L, which is at
the clinical ceftriaxone resistance breakpoint stated by EUCAST
(MIC >0.125 mg/L).19 The percentage of isolates with low
ceftriaxone MICs (≤0.016 mg/L) was high (89.3%). The two
cefixime-resistant isolates had cefixime MICs of 0.25 mg/L and,
in addition, 4.6% (n=29) of isolates had a cefixime MIC of
0.125 mg/L, i.e. at the clinical cefixime resistance breakpoint.19

The majority of isolates (78.4%) had a low azithromycin MIC of
≤0.25 mg/L, however, 5.3% of isolates showed a low level of
azithromycin resistance (MICs of 2–4 mg/L) and 5.3% a higher le-
vel of azithromycin resistance (MICs of 8–64 mg/L) (Figure 1).

Concerning resistance tomultiple antimicrobials, 8.7% (n=55)
of the isolates were resistant to both azithromycin and cipro-
floxacin and 1.6% (n=10) of isolates were resistant to four
antimicrobials (azithromycin, ciprofloxacin, tetracycline and
benzylpenicillin).

Notably, the resistance levels to azithromycin (10.1% versus
5.8%) and ciprofloxacin (70.6% versus 67.6%) were higher
among heterosexual respondents compared with MSM (i.e.
homosexual plus bisexual respondents).

Discussion
This study presents the nationwide AMR surveillance of N. gonor-
rhoeae isolates cultured across Brazil in 2018–20, quality assured
in accordance with WHO standards and controls,18 and relevant
epidemiological data of the corresponding male patients with
gonorrhoea. Improvements compared with the previously pub-
lished first national gonococcal AMR surveillance in Brazil
(2015–16)11 included that 12 geographically representative sen-
tinel sites were surveyed (five new sites to improve national
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representativeness); the number of examined gonococcal iso-
lates was increased (by 15.1% despite three sentinel sites not
managing to maintain the viability of many isolates and the
COVID-19 pandemic occurring during the last 9 months of sur-
veillance, which consumed healthcare, staff, testing and re-
sources); the latest panel of WHO 2016 N. gonorrhoeae
reference strains18 was used for quality control; two additional
antimicrobials (spectinomycin and gentamicin) were examined;
and epidemiological data were collected, including e.g. sexual
orientation, gender identity, type of unprotected sexual inter-
course and treatment received.

As in 2015–16,11 high rates of resistance to ciprofloxacin,
tetracycline and benzylpenicillin were observed in all the
Brazilian regions. Even after excluding ciprofloxacin from the

recommended treatment of urethral discharge syndrome and
uncomplicated gonococcal infections in 2017,14 resistance to ci-
profloxacin continued to increase, i.e. in 2018–20 it exceeded
74% in the Southeast and North regions, and it was ≥57% in all
regions. This is in accordance with ciprofloxacin resistance data
from most other countries in South America and the entire
WHO Region of the Americas.7–9 However, a low (1.1%) cipro-
floxacin resistance rate was recently published from Jamaica.21

As observed in the WHO Global Gonococcal Antimicrobial
Surveillance Programme (WHO GASP), ciprofloxacin resistance
rates are high globally.7–9

Azithromycin resistance rates in Brazil increased from 6.9%
(recalculated using the current EUCAST ECOFF)19 in 2015–1611

to 10.9% in 2018–20, with 16.2% resistance in the South region,

Table 2. Antimicrobial susceptibility of N. gonorrhoeae isolates (n=633) collected across Brazil in 2018–20, by Brazilian region

Antimicrobial

Brazilian region

Total (n=633)North (n=97) Northeast (n=107) Central-West (n=66) Southeast (n=221) South (n=142)

Ceftriaxone, %
Susceptible (MIC ≤0.125 mg/L)19 100 100 100 100 100 100
Resistant (MIC >0.125 mg/L)19 0 0 0 0 0 0

Cefixime, %
Susceptible (MIC ≤0.125 mg/L)19 100 100 100 99.1 100 99.7
Resistant (MIC >0.125 mg/L)19 0 0 0 0.9 0 0.3

Azithromycin, %
Susceptible (MIC ≤1 mg/L)19 96.9 94.4 92.4 86.4 83.8 89.4
Resistant (MIC >1 mg/L)19 3.1 5.6 7.6 13.6 16.2 10.6

Ciprofloxacin, %
Susceptible (MIC ≤0.03 mg/L)19 23.7 39.3 34.8 24.4 40.8 31.6
Susceptible, increased exposure19 1.0 3.7 0 0.9 0 1.1
Resistant (MIC > 0.06 mg/L)19 75.3 57.0 65.2 74.7 59.2 67.3

Spectinomycin, %
Susceptible (MIC ≤64 mg/L)19 100.0 100.0 100.0 100.0 100.0 100.0
Resistant (MIC >64 mg/L)19 0 0 0 0 0 0

Gentamicin, %
Susceptible (MIC ≤4 mg/L)20 70.1 71.0 69.7 73.3 58.5 68.7
Susceptible, increased exposure20 29.9 29.0 30.3 26.7 41.5 31.3
Resistant (MIC >16 mg/L)20 0 0 0 0 0 0

Benzylpenicillin, %
Susceptible (MIC ≤0.06 mg/L)19 7.2 2.8 3.0 0.5 4.2 3.0
Susceptible, increased exposure19 63.9 71.0 78.8 66.5 80.3 71.3
Resistant (MIC >1 mg/L)19 28.9 26.2 18.2 33.0 15.5 25.7

Tetracycline, %
Susceptible (MIC ≤0.5 mg/L)19 35.1 56.1 48.5 46.6 52.8 48.0
Susceptible, increased exposure19 11.3 6.5 18.2 11.8 14.1 12.0
Resistant (MIC >2 mg/L)19 53.6 37.4 33.3 41.6 33.1 40.0

North (Alfredo daMata Tropical Dermatology and Venereology Foundation, Manaus, Amazonas); Northeast (Specialized State Center in Diagnosis, Care
and Research, Salvador, Bahia; AIDS Health Foundation and Central Laboratory, Recife, Pernambuco; Giselda Trigueiro Hospital and Federal University of
Rio Grande do Norte, Natal, Rio Grande do Norte); Central-West (Asa Sul Polyclinic, Brasília, Distrito Federal); Southeast (STI/AIDS Reference and Training
Center, São Paulo, São Paulo; Belo Horizonte Municipal Health Secretariat, Belo Horizonte, Minas Gerais; Reference Center for Infectious Diseases, São
José dos Campos; Adolfo Lutz Institute and Ribeirão Preto Municipal Health Secretariat, Ribeirão Preto, São Paulo); and South (Curitiba Municipal Health
Secretariat and Clinic Hospital Complex of Federal University of Paraná, Curitiba, Paraná; Clinical Analysis Department, University Hospital, Federal
University of Santa Catarina; Florianópolis Municipal Health Secretariat, Florianópolis, Santa Catarina; and Sanitary Dermatology Outpatient Clinic,
Porto Alegre, Rio Grande do Sul).
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including the city Florianopolis where >30% of isolates were re-
sistant to azithromycin. Notably, resistance to azithromycin was
>5% (5.6%–16.2%) in all regions, except in the North region
(3.1%). However, no isolates with high-level resistance to azithro-
mycin (MIC ≥256 mg/L) were found. Such isolates have been
sporadically identified in many countries internationally,6–10 in-
cluding in neighbouring Argentina where the azithromycin resist-
ance rate also has increased in the recent years.22 The increasing
azithromycin resistance rate in Brazil and internationally9 is ama-
jor concern, whichmay threaten the use of ceftriaxone plus azith-
romycin dual therapies in Brazil and internationally,14,23–26 and
continuous, quality-assured global surveillance of azithromycin
resistance is imperative. In Brazil, if gonococcal azithromycin re-
sistance is proven, based on enhanced quality-assured AMR sur-
veillance, to remain high or increasing across the country an
exclusion of azithromycin from the ceftriaxone plus azithromycin
dual therapy needs to be considered. However, in countries such
as Brazil wheremost gonorrhoea cases are treated based on syn-
dromic management, due to the limited aetiological gonorrhoea
diagnosis, an exclusion of azithromycin requires additional con-
siderations that also involve other STIs such as Chlamydia tracho-
matis and Mycoplasma genitalium infections. Furthermore, the
AMR surveillance in Brazil is still relatively limited and the spread
of sporadic ceftriaxone-resistant strains cannot be excluded.
Because test of cure is not used in Brazil and concomitant resist-
ance to azithromycin and ceftriaxone in gonococcal strains re-
mains rare, azithromycin in the dual therapy may cover the
treatment of these rare ceftriaxone-resistant gonorrhoea cases.
Finally, a clinical resistance breakpoint for azithromycin would
be very valuable, i.e. it remains unclear how high azithromycin
MICs must be to cause treatment failure using azithromycin

monotherapy, especially as it is recommended in a dual therapy
together with ceftriaxone. Notable, the present study overlapped
for approximately 9 months in 2020 with the COVID-19 pandem-
ic, which as in most other countries negatively affected the
recruitment of patientswith gonorrhoea at sexual and reproduct-
ive health services.27–29 Furthermore, it cannot be excluded that
the overuse of azithromycin during the COVID-19 pandemic in
Brazil and many other countries has impacted the azithromycin
resistance rates in gonococci (as well as many other bacterial
species).

Regarding the oral ESC cefixime, two (0.3%) resistant isolates
(MIC=0.25 mg/L) were identified, and both were cultured in the
Southeast region. In the previous national AMR surveillance in
Brazil from 2015–16,11 only one cefixime-resistant isolate
(0.2%)was found, i.e. in Brasilia (Central-West region). The low le-
vel of cefixime resistance is promising. However, 29 (4.6%) add-
itional isolates were bordering cefixime resistance, i.e. had a
MIC of 0.125 mg/L,19 and N. gonorrhoeae isolates with decreased
susceptibility and resistance to ESCs have significantly increased
in the neighbouring Argentina.30 Notably, cefixime is not used in
Brazil, which likely reduces the selection pressure for ESC resist-
ance in Brazil. Accordingly, the resistance and decreased suscep-
tibility to cefixime in Brazil is likely due to importation of
gonococcal strains with decreased ESC susceptibility or selection
by the use of other cephalosporins or penicillins. A WGS study of
Brazilian gonococcal isolates from 2018–20 is under planning, i.e.
to elucidate the AMR determinants causing the phenotypic resist-
ance (with emphasis on ESCs and azithromycin), to further
understand the dynamics of the gonococcal population in
Brazil, and to compare Brazilian strains with international gono-
coccal strains.
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Figure 1. MIC distributions for azithromycin, cefixime, ceftriaxone and gentamicin in N. gonorrhoeae isolates collected across Brazil in 2018–20.
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No resistance to the injectable ESC ceftriaxone or the aminocy-
clitol spectinomycin was found in Brazil in 2018–20. This is exceed-
ingly promising as ceftriaxone is the last remaining option for
empirical first-line monotherapy for gonorrhoea treatment and
spectinomycin is included in the recommended treatment regi-
mens when first-line therapy fails in many international gonor-
rhoea treatment guidelines.23,24,31–33 Nevertheless, due to
concerns regarding spectinomycin resistance development and
the low spectinomycin cure rates for pharyngeal gonococcal infec-
tions,3,6–9,24,34 spectinomycin should not be used in monotherapy
if pharyngeal gonorrhoea has not been appropriately excluded. No
resistance to gentamicin was either found among gonococcal iso-
lates across Brazil in 2018–20. Nevertheless, 31.3% of isolates
showed a decreased susceptibility (susceptibility, increased expos-
ure) and also gentamicin-susceptible gonococcal isolates can
cause treatment failure with gentamicin 240 mg plus doxycycline,
as recently shown in Malawi where gentamicin has been the re-
commended first-line treatment for uncomplicated gonorrhoea
in several decades.35 The 2020 Brazilian treatment guideline re-
commends ceftriaxone 500 mg plus azithromycin 1 g as first-line
empirical treatment for syndromic management and for aetio-
logically diagnosed gonorrhoea,14 and the present study confirms
a high adherence to this treatment regimen (90.9%). Worryingly,
ciprofloxacin 500 mg plus azithromycin 1 g and other mostly sub-
optimal treatment regimens were given to 4.0% and 1.8% of re-
sponding participants, respectively. Notably, in the Brazilian
treatment guideline,14 gentamicin and spectinomycin are treat-
ment options for gonococcal infections when the recommended
first-line therapy has failed.

The potential limitations of the present study included that no
gonococcal isolates were collected from women or extragenital
sites such as the rectum and pharynx. The importance of including
isolates also fromextragenital siteswas further strengthened by the
fact that unprotected oral and anal sex were reported by >50% of
respondents. Particularly the pharynx has been stated as an ana-
tomical site where gonococcal strains can persist without resulting
in symptoms, where AMR can emerge due to acquisition of AMR
determinants from co-existing non-gonococcal Neisseria species,
and the pharyngeal infections are substantially more difficult to
cure.3,5–9,24 Furthermore, the coverageof reporting on theepidemio-
logical variables was suboptimal, i.e. 70.9% of participants filled in
the epidemiological questionnaire. Finally, the loss of approximately
200 viable isolates due to suboptimal storage, which has been ad-
dressed for future surveillance rounds, may potentially have slightly
biased the AMR rates in some few sentinel sites, however, we do not
consider that this issue substantially biased any national AMR rates
or main conclusions of the present study.

In conclusion, compared with the first national gonococcal
AMR surveillance in Brazil (2015–16),11 the resistance to cipro-
floxacin has remained high, and the resistance rates for azithro-
mycin and cefixime have increased. However, resistance
remained lacking to ceftriaxone, gentamicin and spectinomycin,
which all are gonorrhoea treatment options. In Brazil, the compli-
ance to the recommended first-line empirical dual therapy of cef-
triaxone 500 mg plus azithromycin 1 g14 was high (90.9%).
Nevertheless, the increasing azithromycin resistance in Brazil
and internationally9 may threaten the future use of azithromycin
in gonorrhoea dual-therapy regimens. Consequently, continued
and enhanced quality-assured surveillance of gonococcal AMR,

and ideally also treatment failures at a minimum at some senti-
nel sites and includingWGS, is imperative in Brazil andworldwide.
Collection of epidemiological data of patients with gonorrhoea in
Brazil also showed that the resistance rates for azithromycin and
ciprofloxacin were higher among heterosexual men compared
with MSM (homosexual plus bisexual men), and data on sexual
practice provided evidence that extragenital sites should also
be tested and included in the gonococcal AMR surveillance. The
gonococcal AMR surveillance in Brazil will be further improved
in the coming few years by inclusion of Brazil in the WHO/CDC
Enhanced GASP (EGASP),36,37 which provides standardized and
quality-assured AMR data in conjunction with epidemiological
and clinical data. In the future, the WHO/CDC EGASP36,37 will
also include a WGS component, for genomic epidemiology and
AMR prediction, and test of cure, where feasible. Ultimately, ef-
fective, affordable and accessible new antimicrobials and/or
gonococcal vaccine(s) will be required.
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