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Abstract

Antimicrobial resistance in Neisseria gonorrhoeae (NG) is increasing worldwide. Second-line treatments with macrolides
or fluoroquinolones are an option for NG infections in some cases following the STI guideline recommendations. In our
study, we compared the gradient diffusion test using EUCAST 2024 breakpoints with a new molecular method using the
Allplex™ NG&DR assay (Seegene®) including A2059G/C2611 mutations (23S rRNA) associated with high/moderate-
level macrolide resistance and S91F mutation (gyrA4) relationship with fluoroquinolone resistance in NG isolates (n=100).
We calculated the sensitivity, specificity, and correlation of the molecular test for fluoroquinolone using the gradient
diffusion as the reference method. In twenty-three strains was not detected any mutation associated with macrolides or
fluoroquinolone resistance. No A2059G/C2611T mutations were detected, and the S91F mutations were detected in 77 out
of the 100 isolates screened. Twenty-three NG isolates were reported to be resistant to azithromycin (ECOFF: >1 mg/L),
and 78 NG isolates were resistant to ciprofloxacin (MIC: >0.06 mg/L). The molecular method showed a sensitivity of
96.1% and, a specificity of 90.9% for fluoroquinolone susceptibility, but the statistical analysis between the molecular test
and gradient diffusion test was not statistically significant for fluoroquinolone resistance (p=1). Statistical analysis was
not performed for macrolides because of the absence of positive RT-PCR results. According to our data, Allplex™ assay
cannot replace the gradient diffusion test for macrolide resistance. However, the assay could be used to test fluoroquino-
lone resistance in NG isolates as a replacement for phenotypic methods.
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Introduction

Antimicrobial resistance in Neisseria gonorrhoeae (NG)
is increasing worldwide [1]. The mechanisms of NG resis-
tance to macrolides include chromosomal mutations, genes
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encoding rRNA methyltransferases, and overexpression of
efflux pumps [2]. Resistance to fluoroquinolones is mainly
due to the presence of mutations in gyrd or parC genes,
among others [3]. The first-line treatment for NG infections
is the third-generation cephalosporins, such as intramuscu-
lar ceftriaxone or oral cefixime [4]. However, macrolides
(azithromycin) are second-line treatments that should not be
used as monotherapy for NG infections [4]. Treatment with
fluoroquinolones (ciprofloxacin) is an option in patients
allergic or intolerant to third-generation cephalosporins,
provided that a gyr4 mutation is not detected prior to fluoro-
quinolone therapy following the sexually transmitted infec-
tions (STIs) guidelines [4, 5].

New commercial assays are emerging for the detection
of mutations associated with therapeutic failure of these
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second-line treatments by nucleic acid amplification test-
ing in NG infections [6]. Previously, between October
2022 and January 2023, our working STI group reported
the prevalence of mutations associated with macrolide and
fluoroquinolone resistance in NG from direct sampling in
our population using one of these commercially available
CE kits (Allplex™ NG&DR Assay, Seegene®™). We reported
a prevalence of 0.9% mutations associated with macrolide
resistance, and 60% of mutations associated with fluoro-
quinolone resistance at the Hospital Universitario La Paz
(HULP) [7]. However, the molecular-level genotypic detec-
tion of resistance associated with mutations could not be
expressed phenotypically by diffusion gradient methods [8].
The aim of our study was to test the association between
gradient diffusion and Allplex™ assay methods for the anti-
microbial susceptibility to macrolides and fluoroquinolones
in NG isolates.

Methods

In a prospective observational cohort study design, we col-
lected the cultures of NG samples (previously confirmed by
real-time PCR, RT-PCR) from February to May 2023 for
antimicrobial susceptibility phenotyping and genotyping
testing at HULP. Samples including urethral, oropharyn-
geal, endocervical, and rectal swabs (Deltalab®, Barcelona,
Spain) were screened during the study period for NG using
RT-PCR with Allplex™ 7 STI Essential Assay (Seegene®,
Seoul, South Korea), which includes Neisseria gonor-
rhoeae, among other STI pathogens. First-void urine sam-
ples were excluded from the study because of the difficulty
in culturing NG isolates in this type of sample. Only one NG
strain from each patient was included in the study.

Phenotypic method: Culture of Neisseria
gonorrhoeae isolates

Samples were collected of patients with Citoswab® amies
medium (Citotest labware manufacturing Co., LTD, Hal-
men City, China). Swabs were cultured in chocolate and
chocolate agar PolyVitex mediums (BioMérieux®, Marcy
"Etoile, France) and grown for 48 h with 5% CO, atmo-
sphere. Following the EUCAST Clinical Breakpoint Tables
v. 14.0 (2024), disk diffusion criteria for antimicrobial sus-
ceptibility testing of NG have not yet been defined, and an
MIC method should be used [9]. Antimicrobial susceptibil-
ity NG testing for azithromycin and ciprofloxacin was per-
formed by gradient diffusion (0.5 McFarland) using MIC
Test Strip™ (Liofilchem®, Roseto degli Abruzzi, Italy)
following EUCAST 2024 breakpoints: isolates with an
ECOFF (epidemiological cut-off)>1 mg/L breakpoint for
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azithromycin testing, and MIC >0.06 mg/L for ciprofloxa-
cin were considered resistant [9].

Antimicrobial resistance testing with 0.5 McFarland
and MIC Test Strip™ was performed using chocolate
agar medium (BioMérieux®) with growing during 24 h
by 5% CO, atmosphere. MICs interpreted as “susceptible,
increased exposure” (I category, 0.06 mg/L) were consid-
ered as susceptible strains. The gradient diffusion method
was used as the reference test for the antimicrobial suscep-
tibility of macrolides and fluoroquinolones. Culti-Loops™
Neisseria gonorrhoeae ATCC™ 19,424™ controls were
used as standards for the phenotypic method.

Genotypic method: RT-PCR of Neisseria
gonorrhoeae isolates

The previous NG isolates studied by phenotypic methods
were analysed by RT-PCR test. Direct samples were not
screened using RT-PCR to avoid false positive resistance by
another Neisseria spp. in the samples. The DNA extraction
was performed using a MagCore Super instrument extractor
(RBC Bioscience Corp®, New Taipei City, Taiwan) accord-
ing to the manufacturer’s instructions. Molecular analysis
was performed using the kit Allplex™ NG&DR Assay
(Seegene®) to detect mutations associated with macrolides
and fluoroquinolone resistance. This is a new commercial
CE assay authorised for in vitro diagnostic use. The assay
includes the A2059G mutation (23S rRNA) associated with
high-level macrolide resistance and the C1126T mutation
(23S rRNA) associated with moderate-level macrolide
resistance. Resistance associated with fluoroquinolones was
detected by the S91F (gyrA) mutation in the assay. The NG
extracts were amplified using CFX96™ Touch Real-Time
PCR Detection System thermal cycler (Bio-Rad®, Hercules,
California). Internal, positive, and negative controls were
used for each RT-PCR run.

We calculated the sensitivity, specificity, and correlation
between the Allplex™ commercial assay and the gradient
diffusion method using the McNemar test. A p value of less
than 0.05 (p<0.05) was considered statistically signifi-
cant. Statistical analysis was not performed for macrolides
because of the lack of positive RT-PCR results.

Results

A total of one hundred NG isolates were screened for mac-
rolides and fluoroquinolone resistance using molecular and
gradient diffusion methods during the study period. Accord-
ing to the molecular assay results, in twenty-three strains
(23%) no was detected mutations associated with macro-
lide or fluoroquinolone resistance. Moreover, any C1126T
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or A2059G mutations (23S rRNA) associated with moder-
ate/high-level macrolide resistance were detected in the NG
isolates screened. On the other hand, in 77 out of 100 NG
strains (77%) analysed, the S91F mutation was detected,
implying fluoroquinolone resistance.

According to the gradient diffusion test results and
following EUCAST breakpoints, 23 NG isolates (23%,
MIC >1 mg/L) were reported as resistant to azithromycin,
and 78 NG isolates (78%, MIC > 0.06 mg/L) were reported
as resistant to ciprofloxacin out of the 100 strains stud-
ied. However, in three out of 78 NG isolates (3.85%), no
mutation relationship with fluoroquinolones was detected.
However, eighteen NG isolates (18%) were reported to be
resistant to macrolides and fluoroquinolones using the gra-
dient diffusion test.

The sensitivity, specificity, and correlation of the All-
plex™ assay test for macrolides could not be determined
because of the absence of A2059G/C1126T mutations. The
assay showed a sensitivity of 96.1%, and a specificity of
90.9% for fluoroquinolone susceptibility. Although the
phenotypic method showed a 97.4% correlation with the
genotypic test for fluoroquinolone, the statistical study cor-
relation between methods was considered not statistically
significant (p=1) for fluoroquinolone (ciprofloxacin) resis-
tance screening.

Discussion

Antimicrobial resistance in NG is increasing wordwide [ 10].
Previously, we reported the prevalence of mutations associ-
ated with macrolide and fluoroquinolone resistance in the
HULP population with NG infections. In the present study,
we report the correlation between genotypic and phenotypic
methods for macrolide and fluoroquinolone resistance using
the new Allplex™ NG&DR (Seegene®) assay.

The therapeutic use of macrolides (azithromycin) and
fluoroquinolones (ciprofloxacin) represents a useful sec-
ond-line therapy for NG infections [4]. Sanchez-Buso et al.
reported an overall prevalence of 8% macrolide resistance
in Europe [10]. In Spain, NG azithromycin susceptibility
studies have reported a prevalence between of 2—12% using
the gradient diffusion methods [11-13]. The absence of the
A2059G/C1126T mutations associated with high/moder-
ate macrolide resistance in our study was in consistent with
other reports [2]. However, the phenotypic method reported
more azythromicin resistant isolates than Allplex™ geno-
typic method. These results could be explained by the fact
that the Allplex™ assay includes only two macrolide resis-
tance targets. Kandinov et al. reported that the overexpres-
sion of efflux pumps by mutations in the MtrCDE genes
caused more than 90% of azithromycin resistance in NG

[2]. Furthermore, other less prevalent NG mutations, such
as A2058G or resistances associated with overexpression of
the efflux system, are associated with macrolide resistance
in NG [2]. This could justify the discordance between the
methods. In our study, the 23% of NG isolates were discor-
dant between methods favouring to the phenotypic method.
The Allplex™ assay could not replace the phenotypic
method for NG azithromycin resistance screening.

Fluoroquinolone therapy is another second-line treatment
for NG infections. High prevalence of fluoroquinolone resis-
tance in Europe [10]. The STI guidelines recommend the
screening of mutations in the gyrA4 gene prior to treatment
with fluoroquinolones in NG infections [4]. We detected
using the Allplex™ assay a high prevalence of S91F muta-
tion associated with failure to receive fluoroquinolone
treatment, although this correlation was not statistically
significant. These results could be explained due to other
mutations less prevalent associated with fluoroquinolone
resistance, such as D95A, D95G, D9SN (gyrd), or D86N
(parC), among others are not included in Allplex™ assay
[3]. However, compared with macrolide resistance, fluoro-
quinolone resistance is mainly related to the S91F mutation
in NG. Therefore, the Allplex™ assay could replace the
phenotypic method (gradient diffusion) for the detection of
fluoroquinolone resistance prior to the treatment with cipro-
floxacin in NG infection.

As a limitation to our study, Sanger or whole-genome
sequencing analysis was not performed to identify the resis-
tance mechanisms not detected by the Allplex™ assay or
discordant results between phenotypic and genotypic meth-
ods for macrolide and fluoroquinolone resistance.

In summary, the phenotypic method based on gradient
diffusion can be used as a reference method for the study
of MIC antimicrobial susceptibility [8, 9]. However, the
phenotypic method requires the culture of NG samples.
Nevertheless, the delay in seeding the samples would pre-
vent the strain from being obtaining due to the lability of
the NG strain. New commercial molecular methods allow
the rapid genotypic detection of resistance-associated muta-
tions. Although these techniques require the accumulation
of several samples in order to be cost-effective, their use
could reduce the time to laboratory response and allows the
resistance detection in direct samples such as endocervical,
urethral, or rectal samples without the need for culturing.
Further studies are necessary for evaluating the Allplex™
NG&DR Assay (Seegene®) assay in direct samples. How-
ever, the Allplex™ assay could not be sufficient for screen-
ing for azithromycin resistance, requiring the use of gradient
diffusion tests, but could be used for testing ciprofloxacin
resistance in NG.
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