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Abstract
Background: The increasing prevalence of drug-resistant Neisseria gonorrhoeae (NG) infections has caused great concern.
Ciprofloxacin remains the empiric antimicrobial recommended to treat NG infections in Peru disregarding the sus-
ceptibility profile of circulating NG strains. We report the prevalence of individuals infected with NG strains presenting
mutations in the gyrA gene that confers ciprofloxacin resistance.
Methods:We conducted a descriptive study assessing extragenital swab samples collected from a cohort of men who have
sex with men and transgender women in Lima, Peru. Anal and pharyngeal NG positive swabs for Aptima Combo 2 assay
(Hologic Inc., USA) were used for DNA extraction. We performed TaqMan real time PCR assays to detect a point
mutation at codon Ser91 of the gyrase A (gyrA) gene.
Results: From 156 individuals who had at least one positive sample for NG reported by the Aptima assay, 80 individuals
had at least one amplified DNA for the gyrA gene.We found that 67 of them (84.0%) were infected with a gyrA-mutated NG
strain at the Ser91 codon.
Conclusions:Wereport a high prevalence of gyrAmutation conferring ciprofloxacin resistance among individualswith extragenital
NG infection. Empirical treatment of NG needs to be urgently updated in Peru in concordance with international guidelines.
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Introduction

Neisseria gonorrhoeae (NG), etiological agent of gonorrhea,
is the second most common bacterial sexually transmitted
infection (STI), with an estimated incidence of 82.4 million
new cases among people aged 15–49 years worldwide in
2020.1 Key populations such as men who have sex with other
men (MSM) and transgender women (TW) have a dispro-
portionate burden of gonorrhea globally.2 In Peru, the
prevalence of gonorrhea in general population was around
0.1%;3 while, prevalence of extragenital NG infections
among MSM and TW is estimated at up to 9.6%.4

NG has developed resistance to most antimicrobials that
have been used to treat it over the last 80 years.5 Because of
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the sustained increase of quinolone resistance, the CDC
stopped recommending ciprofloxacin as the empiric treat-
ment for NG infections more than 10 years ago.6 However,
the use of ciprofloxacin is useful if the sensitivity of NG to
this antibiotic is known through antimicrobial susceptibility
testing.7 In Peru, ciprofloxacin remains the recommended
treatment for NG infections, regardless of antibiogram test
results.8 There have been few studies reporting the presence
of NG ciprofloxacin resistance in Latin American countries,
9 especially in Peru,10–13 where recently a study reported
that 66 (94.3%) of 70 culture isolate of NG infections from
MSM were ciprofloxacin resistant.13 In addition, a sys-
tematic review confirmed that detection of the Ser91 codon
mutation in the gyrase A (gyrA) gene, by molecular tech-
niques like quantitative real-time polymerase chain re-
actions (qPCR), predicts NG susceptibility to ciprofloxacin
(sensitivity and specificity >98%).14

Because NG infections among MSM and TW have
frequently occurred in anal and pharyngeal locations, and
most of these cases are asymptomatic, undiagnosed, and
untreated, the high prevalence has continued among them.2

Moreover, NG strains circulating in these populations were
described as having increased antimicrobial resistance and
rapid spread.15

In this study, we aimed to determinate the gyrA genotype
in stored NG swabs samples to better document the prev-
alence of NG mutations conferring ciprofloxacin resistance
among a cohort of MSM and TW in Lima, Peru.

Methods

Clinical swab specimens from pharyngeal and anal ana-
tomic locations were collected quarterly during 24 months
between June 2013 and July 2016, as part of the PICASSO
cohort, a study that aimed to estimate the incidence and
characterize the syphilis infection under social, diagnostic,
immunological and molecular determinants, among MSM
and TW in Lima, Peru. More details of the cohort methods
were described previously.16 In summary, participants were
recruited from two STI clinics and were included if they
were ≥18 years old and had at least three of the following
high-risk criteria for acquiring syphilis: (1) positive rapid
test of syphilis in the last 2 years, (2) being HIV sero-
positive, (3) having a genital ulcer, (4) having any STI
diagnosis in the last six months, (5) 5 years of sexual activity
at minimum, (6) five or more sexual partners in the last
3 months, (7) five or more episodes of condomless anal
intercourse in the last 6 months.17

Participants completed a computer-based survey assisted
by a trained interviewer at baseline and at each follow-up
visit. They reported socio-demographic characteristics,
sexual behavior, history of previous and current STIs, and
alcohol and substance use. After receiving HIV/STI pre-test
counseling, they were referred to the laboratory to provide
venous blood samples for HIV and syphilis testing,

a pharyngeal swab specimen collected by the staff, and to
receive instructions for self-collection of an anal swab
specimen for Chlamydia trachomatis (CT) and NG testing.
Screening for HIV and syphilis was performed at the clinic
sites, using a third-generation rapid test (Alere Determine�
HIV 1/2, Alere Inc., USA), and a nontreponemal Plasma
Reagin Rapid (RPR) test (BD Macro-Vue� RPR Card Test
Kit, Becton Dickinson, USA), respectively.

Aliquots of serum and swab specimens were transported
maintaining cold chain to the Laboratory of Sexual Health at
Universidad Peruana Cayetano Heredia in Lima and stored
at �20°C until processing. Confirmatory HIV testing was
performed using the EIA fourth generation test (Gen-
screen� ULTRA HIVAg-Ab, Bio-Rad, USA) and Western
Blot test (NEW LAV BLOT I, Bio-Rad, USA). For syphilis
confirmation, the Treponema pallidum particle agglutina-
tion (TPPA) test (Serodia, Fujirebio Diagnostics Inc., Japan)
was used. A recent syphilis infection was considered if the
RPR title was ≥1:16 and the TPPA test was positive. Finally,
NG and CT detection was done using a transcription me-
diated amplification (TMA) assay (Aptima Combo 2 CT/
NG, Hologic Inc., USA). All participants received the
corresponding treatment if they tested positive for any STI,
and were referred to the national HIV treatment program in
case of confirmed HIV new infection.

The PICASSO study enrolled 401 participants.17 The
prevalence of anal and pharyngeal NG infection at baseline
was 9.0% and 6.2%, respectively, while the incidence rate of
anal and pharyngeal was 28.1 and 21.3 cases per 100
person-years, respectively. For this estimate, incident cases
were defined as a newly positive NG Aptima test during
follow-up with no previous infection or documented
treatment of a previous infection.18

Positive samples for NG infection were selected for
DNA extraction using High Pure PCRTemplate Preparation
Kit (Roche Inc, USA) according to manufacturer’s in-
structions. DNAwas amplified using a TaqMan probe-based
Real-time PCR assay to determine point mutations (i.e.
Single nucleotide polymorphisms, SNPs) at the Ser91 co-
don of the gyrA gene. Primers and probes (Table 1) were
used from Pond et al.19 Two NG strains phenotypically
characterized for ciprofloxacin as Wild type (WT) (mini-
mum inhibitory concentrations [MIC] = 0.015 μg/mL) and
mutant (MIC = 16 μg/mL) were used as positive controls for
PCR assays. The susceptibility testing of these strains was
evaluated using the E-test (bioMérieux Inc., France), and
the interpretation was performed according to CLSI criteria
that establish a value ≥1 μg/mL for ciprofloxacin resistance
(CLSI M100-S22).

Master mix was prepared using iTaq� universal probes
supermix (Bio-Rad Laboratories, Inc., USA), with a con-
centration of 0.12 μmol for each primers, 0.15 μmol of WT
probe, 0.10 μmol of SNP probe and 5 μL of DNA template
for a final volume of 20 μL. Thermal cycler CFX96 (Bio-
Rad Laboratories, Inc., USA) was used for amplification
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with the following conditions: 95°C for 5 min, 45 cycles of
95°C for 30 s and 60°C for 60 s; also, we used the fluo-
rescent channel: FAM (510–530 nm) for WT probe and VIC
(560–580 nm) for SNP probe. After amplification, probe
curves were analyzed using Bio-Rad CFX Manager soft-
ware version 2.0. Samples were considered to have the gyrA
mutation if their cycle of quantification (Cq) were below 40
cycles and their value of relative fluorescence units (RFU)
were higher than 480 and 380, which were the background
fluorescence for both FAM and for VIC probe, respectively.
For the analysis, an individual was considered NG–infected
when there was at least one Aptima-positive sample (either
anal or pharyngeal) in any follow-up visit, and was included
for gyrA mutation assessment if follows the Cq and RFUs
already describe criteria.

Bacterial load was estimated for each amplified anal
sample by real time qPCR, according to the standard curves.
These were estimated using five serial dilutions from 105 to
101 genome copies/μL of WT and mutant strains by cal-
culating the mass of the NG genome using: m = (n) (1.096 ×
10�21 g/bp), according to Applied Biosystems protocol.20

The genome size (n) of NG considered was 20153,922 bp

(NC_002946.2, NCBI). Standards were run in each qPCR
assay (in triplicate) only with WT or mutant samples (in
duplicate) using the corresponding probe and a correlation
coefficient (R2) greater than 0.89.

For statistical analysis, we described the medians and
proportions of socio-demographic characteristics, previous
and current STIs diagnosed, antibiotic use prior to diagnosis
(at baseline), and bacterial load of anal samples from in-
dividuals with an available PCR result for gyrA gene. We
also compared these variables according to gyrA mutation
pattern using Fisher exact test for categorical variables and
Mann–Whitney U test for continuous variables. A p-value
of less than 0.05 was considered statistically significant. All
data analysis was conducted using the Stata software
(version 15.0, Stata Corporation Inc., USA).

Results

Overall, 156 individuals had at least one positive NG swab
sample tested using the Aptima Combo 2 assay (either at the
baseline visit or at any follow-up visit of the Picasso study);
80 (51.3%) of whom had an amplified gyrA genotype (61

Table 1. Primers and probes.

Primers and probes Oligonucleotide sequence 50 to 30 Fragment size (bp)

Primers
NG_gyrA_F GCGACGTCATCGGTAAATACC
NG_gyrA_R CGCCATACGGACGATGGT

Probes 77
NG_gyrA_WT_PR CCCCCACGGCGATTTCGCAGTT
NG_gyrA_SNP_PR CCCCACGGCGATTCCGCAGT

Table 2. Characteristics, gyrAmutation pattern, and bacterial load of MSM and TW infected with a gyrAwild type or Ser91codon mutant
strain of Neisseria gonorrhoeae.

Total n (%) Wild type n (%) Mutant at Ser91 codon n (%) p-value

Total 80 (100) 8 (10.0) 67 (84.0)
Age (years)b 27 (22–32) 32 (29–43) 27 (22–32) 0.046
Gender identity
Gay/homosexual 38 (47.5) 5 (62.5) 30 (44.8) 0.703
Bisexual 14 (17.5) 1 (12.5) 13 (19.4)
Transgender women 28 (35.0) 2 (25.0) 24 (35.8)

Previous STIs (in the last 6 months)a 35 (43.8) 3 (37.5) 31 (46.3) 0.722
Recent ATB use (in the last 3 months)a 26 (32.5) 1 (12.5) 23 (34.3) 0.341
Living with HIV 42 (52.5) 4 (50.0) 36 (53.7) 1.000
CT positive 21 (26.3) 3 (37.5) 16 (23.9) 0.410
Recent syphilis infection 11 (13.8) 0 (0.0) 10 (14.9) 0.587
Bacterial load (copies/μL)b,c 2817.1 (432.3–8602.5) 1586.1 (415.1–1798.3) 3000.4 (543.3–11112.4) 0.267

Data of 5 individuals with both strain infections is not included.
CT, Chlamydia trachomatis; STIs, Sexually transmitted infections; ATB, Antibiotics.
aAt baseline.
bMedian (p25–p75).
cOnly in anal samples.
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anal infections; 10, pharyngeal infections and nine for both
infections). Of these individuals, the median age was
27 years (interquartile ranges [IQR]: 22–32), 65.0% (52/80)
self-identified as cis-gender (gay or bisexual) and 35.0%
(28/80) as transgender women. Also, 52.5% (42/80) were
people living with HIV, 26.3% (21/80) were tested positive
for CT and (11/80) 13.8% had a recent syphilis infection
(Table 2).

Regarding gyrA gene NG pattern, we found that 67
individuals (84.0%) had at least one sample with a mutation
at Ser91 codon of gyrA gene NG strain, 8 (10.0%) had aWT
NG strain, and 5 (6.0%) alternated between WT and mutant
NG infections during follow up in the same anatomical site
(these infections were detected between 3 and 21 months
apart). Among the 67 individuals infected only with mutant
NG strains, 10 (14.9%) were diagnosed with a recent
syphilis infection, 36 (53.7%) were people living with HIV,
31 (46.3%) reported previous STIs in the last 6 months, and
23 (34.3%) used antibiotics in the 3 months prior to their
enrolment visit; however, there were no statistically sig-
nificant differences compared to individuals with a WT NG
strain. Additionally, the median bacterial load in subjects
with mutant NG in any anal sample was higher than WT
NG; however, it was not statistically significant (3000.4
copies/μL versus 1586.1 copies/μL, p = 0.267).

Discussion

We found an 84% prevalence of NG infections with mu-
tations in the Ser91 codon of the gyrA gene of stored NG-
positive specimens collected from extra-genital anatomic
sites among MSM and TW in Lima, Peru. Sanchez et al.
found that 24% of MSM diagnosed with NG between 2012
and 2013, were infected with an NG strain which had
a mutation in the quinolone resistance-determining region
of the gyrA gene.10 Differences could be explained by the
differences in study populations. Our study was performed
among a population at high-risk for syphilis, which may
reflect similar higher risk for antimicrobial-resistant NG and
these could explain why the presence of gyA-mutant NG
strains is higher in our study. Recently, Jorge-Berrocal
et al.13 reported a 95.2% prevalence of ciprofloxacin-
resistant NG culture isolates as a part of a Peruvian NG
sentinel surveillance system. Certainly, all of these estimates
are sufficiently high to call into question the overall ef-
fectiveness of using ciprofloxacin as empiric therapy for
management of NG infections in Peru.21,22

In our study, recent antibiotic use was reported by 34.3%
of individuals with mutant NG infection, compared with
12.5% of individuals withWT NG. Studies have shown that
self-prescribed antibiotics and recent antibiotic use are
associated with quinolone-resistant NG strains;23,24 more-
over, a high prevalence of self-prescribed antibiotics has
been reported in our country.25

In anal samples, we found that relative bacterial load in
mutant NG infections was twice the value of WT NG,
although it was not statistically significant. In vitro studies
reported that bacterial fitness could be enhanced by point
mutations related to quinolone resistance, increasing bac-
terial load;26 which could facilitate the transmission of NG-
resistant strains.27

Our study reported no difference in the proportion of
HIV-positive patients between gyrA profiles. Living with
HIV has been associated with an NG resistance profile,
although reports have been inconclusive.28 However,
screening for extragenital gonorrhea infections among high-
risk groups should be implemented in the context of HIV
transmission and acquisition.

The main limitation of this study was that almost half of
the samples did not amplify by PCR assay, especially the
samples from the pharyngeal location, since despite the high
number of positive results by Aptima Combo 2 assay, we
obtained few pharyngeal samples to assess for gyrA mu-
tation analysis which may have affected our results, and
may be caused by low NG bacterial load in this anatomical
site, the buffer in which the sample was resuspended (might
not be appropriate for the PCR assay) or other PCR in-
hibitors from commensal Neisseria species.29,30 Impor-
tantly, prior studies have documented a higher prevalence of
antimicrobial resistance among pharyngeal reservoirs;31

thus our findings may underestimate the prevalence of ci-
profloxacin resistance.

In this study, we documented a high prevalence of gyrA
mutations conferring ciprofloxacin resistance among extra-
genital NG infections. This finding may warrant a change in
the empirical treatment of NG infections. Recently, the
Sentinel Surveillance Group of the Peruvian National In-
stitute of Health (promoter of public health policies and
norms) does not recommend the use of fluoroquinolones;13

however, the National Guidelines for STIs Management
have not yet been updated since 2009. In addition, in key
populations, extragenital screening and the use of molecular
genetic markers to identify antimicrobial susceptibility
should be considered in order to detect asymptomatic NG
infection early, provide the correct treatment, and interrupt
the chain of transmission.
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