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ABSTRACT
Objectives  Antimicrobial-resistant Neisseria 
gonorrhoeae (NG) is a concern. Little is known about 
antimicrobial susceptibility profiles and associated 
genetic resistance mechanisms of NG in Madagascar. 
We report susceptibility data of NG isolates obtained by 
the medical laboratory (CBC) of the Institut Pasteur de 
Madagascar, Antananarivo, Madagascar, during 2014–
2020. We present antimicrobial resistance mechanisms 
data and phenotype profiles of a subset of isolates.
Methods  We retrieved retrospective data (N=395) 
from patients with NG isolated during 2014−2020 
by the CBC. We retested 46 viable isolates including 
6 found ceftriaxone and 2 azithromycin resistant, as 
well as 33 isolated from 2020. We determined minimal 
inhibitory concentrations for ceftriaxone, ciprofloxacin, 
azithromycin, penicillin, tetracycline and spectinomycin 
using Etest. We obtained whole-genome sequences 
and identified the gene determinants associated with 
antimicrobial resistance and the sequence types (STs).
Results  Over the study period, ceftriaxone-resistant 
isolates exceeded the threshold of 5% in 2017 (7.4% (4 
of 54)) and 2020 (7.1% (3 of 42)). All retested isolates 
were found susceptible to ceftriaxone, azithromycin 
and spectinomycin, and resistant to ciprofloxacin. The 
majority were resistant to penicillin (83% (38 of 46)) and 
tetracycline (87% (40 of 46)). We detected chromosomal 
mutations associated with antibiotic resistance in gyrA, 
parC, penA, ponA, porB and mtrR genes. None of the 
retested isolates carried the mosaic penA gene. The 
high rate of resistance to penicillin and tetracycline is 
explained by the presence of blaTEM (94.7% (36 of 38)) 
and tetM (97.5% (39 of 40)). We found a high number 
of circulating multilocus STs. Almost half of them were 
new types, and one new type was among the four most 
predominant.
Conclusions  Our report provides a detailed dataset 
obtained through phenotypical and genotypical methods 
which will serve as a baseline for future surveillance of 
NG. We could not confirm the occurrence of ceftriaxone-
resistant isolates. Our results highlight the importance of 
implementing quality-assured gonococcal antimicrobial 
resistance surveillance in Madagascar.

INTRODUCTION
Since the emergence of antimicrobials to treat 
gonorrhoea, Neisseria gonorrhoeae (NG) has gained 
mechanisms to evade their harmful effects. Today, 
antimicrobial-resistant NG is a global threat1 2 and 
features on the WHO’s and Centers for Disease 
Prevention and Control’s priority lists.1 3

The NG antimicrobial-resistance (AMR) mech-
anisms are chromosomally mediated, acquired 
through mutations, horizontal gene transfer and 
homologous recombination, or are introduced by 
mobile genetic elements such as plasmids.4 Several 
chromosomal-mediated determinants leading to 
resistance have been identified.4 The mutations 
in genes like penA, ponA, mtrR, porB, rpsJ, gyrA 
and parC alter or modify antimicrobial targets or 
influx/efflux. NG can also obtain genes through 
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plasmid acquisition.4 Several β-lactamases, hydrolysing β-lactam 
antimicrobials and β-lactamase-encoding plasmids have been 
described.4 5 tetM is another plasmid-borne gene-mediating 
tetracycline resistance by replacing tetracycline from its ribo-
some target resulting in further protein synthesis.4 The gene is 
carried by conjugative plasmids.5 Plasmid-mediated resistance 
results in rapid high resistance levels, while chromosomally 
mediated resistance is acquired gradually through mutations or 
recombination in the chromosome.4 5

Whole-genome sequencing (WGS) is useful for identifying genetic 
determinants and predicting AMR and can guide treatment guide-
lines in specifying which antibiotics to exclude.6 In addition, molec-
ular typing schemes based on WGS are used to determine the spread 
of genotypes and describe their relatedness and evolution.6

A national surveillance programme such as the WHO-
Enhanced Gonococcal Antimicrobial Surveillance Programme 
has not been implemented in Madagascar.7 Also, studies 
conducted on circulating NG and their antimicrobial suscepti-
bility (AMS) profiles are rare. Consequently, data on the NG 
AMS profiles in Madagascar are scarce.

Overall, laboratory-based diagnosis of sexually transmitted 
infections does not exist in Madagascar and the syndromic 
approach is widely applied in all levels of healthcare. The medical 
laboratory (CBC) of the Institut Pasteur de Madagascar is one 
of few laboratories performing molecular testing for NG and 
Chlamydia trachomatis and to our knowledge the only medical 
laboratory to conduct AMS Etesting for NG.

We aimed to describe the AMS profiles of NG isolated from a 
patient population attending the CBC from 2014 to 2020. In addi-
tion, we performed phenotypical and genomic characterisation of 
AMR in a subset of isolates including all viable isolates from 2020.

METHODS
Study method
We retrieved retrospective patient data collected by the CBC, 
Antananarivo, Madagascar, from 2014 to 2020. Physicians refer 
patients to the CBC for medical biological analysis. The CBC’s 
medical laboratory staff (nurses, midwives) collect the specimens. 
The final diagnosis is made by the referring physician who will 
prescribe treatment if needed. The patient (or their employer or 
health insurance, if applicable) will pay for the costs.

We exported coded patient and specimen data including 
minimal inhibitory concentrations (MICs) of ceftriaxone, azith-
romycin and ciprofloxacin, as well as β-lactamase results of the 
NG isolates from the laboratory information system.

The CBC used Modified Thayer-Martin medium, incubated at 
35±2°C in a 5% CO2 atmosphere for 18–48 hours, for NG isola-
tion. NG-suspected colonies were identified by Matrix-assisted laser 
desorption/ionisation time-of-flight mass spectrometry. MICs for 
ceftriaxone, ciprofloxacin and azithromycin were determined using 
Etest (bioMérieux, Marcy-l’Etoile, France) on enriched (PolyViteX) 
chocolate agar incubated at 35±2°C in a 5% CO2 atmosphere for 
18–24 hours. β-lactamase production was detected using a cefinase 
disk (bioMérieux, Marcy-l’Etoile, France). Isolates were stored in 
skim milk +20% glycerol at −80°C.

Staff members of the experimental bacteriology laboratory 
(UBEX) retrieved all NG isolates stored at the CBC and trans-
ported them (<100 m) under frozen conditions using cool 
boxes. At UBEX, we revived and retested a subset of isolates 
using the same method as described above, except that we 
revived the isolates using enriched (PolyViteX) chocolate agar 
media. We determined MICs for ceftriaxone, ciprofloxacin, 
azithromycin, penicillin, tetracycline and spectinomycin using 

Etest as described above. We used WHO reference gonococcal 
strains (WHO F, L, O, P, W, V, X, Y, Z) for quality control (QC).8

We interpreted MIC results using the clinical breakpoints recom-
mended by the Comité de l’Antibiogramme de la Société Française 
de Microbiologie, 2021, V.1.0 April, based on European Committee 
on AMS Testing recommendations (online supplemental table 1). We 
defined isolates as reduced susceptible when they were categorised as 
‘susceptible, increased exposure, category I’. This definition means 
that there is a likelihood of therapeutic success with an increased 
exposure to the antimicrobial.

Whole-genome sequencing
We extracted genomic DNA from purified cultures using 
QIAamp DNA Mini Kit on a Qiacube automate (Qiagen, 
Hilden, Germany), according to the manufacturer’s instruc-
tions. We checked DNA quality using nanodrop before shipment 
to the National Institute for Communicable Diseases, Johan-
nesburg, South Africa, where WGS was performed using Illu-
mina MiSeq next-generation sequencing technology with DNA 
libraries prepared using Nextera XT DNA Library Preparation 
Kit (Illumina, San Diego, California, USA), followed by 2×300 
paired-end sequencing runs with ~100 times coverage.

Bioinformatic analysis
We used TORMES pipeline V.1.2.19 for whole-genome analysis 
as briefly described hereafter. We applied Prinseq10 and Trim-
momatic11 for QC and filtering of the reads, respectively. We 
performed de novo assembly using SPAdes12 and assembly statis-
tics using QUAST.13 We used Kraken214 to infer the taxonomy 
of each isolate, Prodigal15 and Prokka16 for gene prediction and 
annotation. We screened for AMR genes using ABRicate (https://​
github.com/tseemann/abricate) with the databases ResFinder,17 
CARD18 and ARG-ANNOT.19

We removed contigs sizes <500 bp with a local script and used 
quality thresholds of assemblies as previously described.20

We obtained multilocus sequence types (STs) and genetic AMR 
determinants from Pathogenwatch.21

We identified plasmids associated with tetM and blaTEM genes 
using the Blastn program and a custom plasmid database (online 
supplemental table 2). We considered a coverage and identity 
score of >99% and ≥99%, respectively.

We constructed the phylogeny using the core genome single 
nucleotide polymorphism (SNP) analysis on the Pathogenwatch 
platform combined with Microreact for visualisation and rooted 
the tree at the midpoint.22

We completed our study dataset with the reference 
sequences from WHO, available under BioProject accession no. 
PRJEB14020 in the European Nucleotide Archive ENA.8

Statistical method
We summarised coded patient and bacteriological data using 
medians and IQRs for continuous variables and frequencies and 
proportions for categorical data.

We defined MIC50 and MIC90 as the lowest concentration of 
the antimicrobial at which 50% and 90% of the isolates were 
inhibited, respectively.

RESULTS
NG isolates
Over the study period, the CBC identified 395 NG isolates. More 
than half of them (58%) were obtained from women. Overall, 
the age of the patients ranged from <1 year to 73 years, women 
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(n=229) being slightly younger (median: 30 years) compared 
with men (n=166) (median: 34 years).

NG was mainly isolated from urogenital specimens (388 of 
395), but also from sperm (n=3), blood (n=1), puncture fluid 
(n=2) and a not specified wound (n=1).

Antimicrobial susceptibility of NG over time
Of the 389 isolates with ceftriaxone MIC results, 372 (96%) 
isolates were susceptible and 17 (4%) were resistant. The resis-
tance rate exceeded the 5% threshold in 2017 and 2020. Over 
the years, the MIC50 remained at 0.002 µg/mL, and the MIC90 
varied from 0.004 to 0.02 µg/mL, with lower concentrations 
during the last 3 years (table 1).

Among the 364 isolates tested against ciprofloxacin, 358 
(98%) were resistant. Susceptible isolates were detected in 2017 
(n=3) and 2018 (n=1). Two isolates from 2017 tested reduced 
susceptible. The MIC50 (range 1–2 µg/mL) and MIC90 (range 
2–4 µg/mL) values persisted over the years (table 1).

Azithromycin was tested for 95 isolates: 53 in 2019 and 42 in 
2020. Three isolates had MICAZT >0.5 µg/mL and were deemed 
resistant. One resistant strain from 2019 had a MICAZT of 1.5 µg/
mL and the two resistant strains from 2020 had MICAZT of 0.64 
and 0.75 µg/mL. The MIC90 evolved from 0.064 µg/mL in 2019 
to 0.32 µg/mL in 2020.

Almost all isolates produced β-lactamase. Exceptions were 
found in 2016, 2017 and 2019 with 6%, 2% and 4% of the NG 
isolates lacking β-lactamase, respectively.

Subset of NG isolates
We retrieved all isolates from 2020 and those found ceftriaxone 
and/or azithromycin resistant or reduced susceptible in previous 
years from the CBC collection. We recovered 68 isolates, of them 
46 were identified as NG: 33 isolates from 2020, 6 previously 
determined resistant to ceftriaxone, 2 previously tested resistant 
to azithromycin, 5 isolates had no specific characteristics.

Online supplemental tables 3 and 4 show the sequence quality 
data and MICs of the tested antimicrobials and associated AMR 
mechanisms of the NG isolates, respectively.

All isolates were susceptible to ceftriaxone using Etest, and 
all penA alleles coding for the penicillin-binding protein 2 were 
non-mosaic: the most prevalent was penA.14 (n=20) followed 
by penA.19 (n=12), penA.2 (n=7), penA.22 (n=6) and penA.9 
(n=1) (online supplemental table 4).

All tested susceptible to azithromycin. A 57 adenosine deletion 
(57Adel) in mtrR promoter was found in three isolates (MICAZT 
(0.064–0.125 µg/mL)), two were combined with a mutation 

G45D in mtrR coding region. One isolate (MICAZT=0.064 µg/
mL) carried a disrupted mtrR.

In contrast, all isolates were found phenotypically resistant 
to ciprofloxacin. We detected higher MICCIP when mutations in 
both gyrA and parC occurred. Conversely, two isolates did not 
possess any mutation in the parC genes and displayed a low-level 
resistance to ciprofloxacin (MICCIP≤0.75 µg/mL) (table 2).

Eight (17%) isolates had reduced susceptibility (MICPEN 
range: 0.064−1 µg/mL) to penicillin, the remaining 38 (83%) 
were resistant (MICPEN range: 1.5−256 µg/mL). All isolates had 
the insertion D345 in penA. The isolates with reduced suscep-
tibility carried SNP L421P in the ponA gene, mutations in the 
mtrR coding region A39T or G45D, and 57Adel in the mtrR 
promoter, combined (n=6) or not (only L421P n=2). In addi-
tion to these mutations, the SNP A121S in porB1b was detected 
in two resistant isolates.

The β-lactamase blaTEM gene was detected in 36 penicillin-
resistant isolates and 2 reduced susceptible isolates. Table  3 
summarises the distribution of the blaTEM genes and plasmid 
types.

Forty of 46 isolates (87%) were phenotypically resistant to 
tetracycline. All isolates, except one resistant, carried rpsJ gene 
V57M. The isolate lacking the mutation carried the tetM gene 
and an mtrR coding sequence with the A39T mutation. Almost 
all tetracycline-resistant isolates (39 of 40) contained plasmids 
with a tetM gene, one susceptible isolate carried a disrupted tetM 
gene. The American plasmid type was the most predominant 
(n=30, 77%), while the other nine (23%) isolates contained the 
Dutch plasmid. The only resistant isolate (MICTET=12 µg/mL) 
lacking the tetM gene had mutations G45D in the mtrR coding 
sequence, 57Adel in the mtrR promoter and carried a porB 

Table 1  Susceptibility to ceftriaxone and ciprofloxacin of Neisseria gonorrhoeae over the study period 2014–2020

Year
Total number of isolates 
(N=395)

Ceftriaxone (n=389) Ciprofloxacin (n=364)

No data R S MIC50 (µg/mL) MIC90 (µg/mL) No data R RS S MIC50 (µg/mL) MIC90 (µg/mL)

2014 31 3 0 28 0.002 0.02 2 29 0 0 2 4

2015 67 0 3 64 0.002 0.006 21 46 0 0 2 3

2016 35 0 1 34 0.002 0.02 4 31 0 0 1 2

2017 56 2 4 50 0.002 0.016 1 50 2 3 1 3

2018 82 1 3 78 0.002 0.004 2 79 0 1 1.5 3

2019 82 0 3 79 0.002 0.006 1 81 0 0 2 4

2020 42 0 3 39 0.002 0.004 0 42 0 0 1.5 3

Breakpoints used: for ceftriaxone: S: ≤0.125 µg/mL, R: >0.125 µg/mL; for ciprofloxacin: S: ≤0.03 µg/mL, R: >0.06 µg/mL, RS: >0.03–0.06 µg/mL.
MIC50: lowest concentration of the antimicrobial at which 50% of the isolates are inhibited.
MIC90: lowest concentration of the antimicrobial at which 90% of the isolates are inhibited.
MIC, minimum inhibitory concentration; R, resistant; RS, reduced susceptible; S, susceptible.

Table 2  Genomic resistance mechanisms and minimal inhibitory 
concentration of ciprofloxacin (MICCIP)

parC

gyrA MICCIP (µg/mL)

S91F, D95A S91F, D95G Median (min; max)

WT 1 1 (0.125; 0.75)*

D86N 2 – 1.12 (0.75; 1.5)

S87R 6 – 1.5 (1; 4)

S87N 33 – 2 (0.75; 4)

S87N, E91K 3 – 3 (1.5; 4)

Total 45 1

*Median is not presented as only two data points were obtained.
max, maximum; min, minimum; WT, wild-type.
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wild-type gene. Thirty-three isolates carried both the β-lacta-
mase and the conjugative plasmid.

All isolates were susceptible to spectinomycin, and all 16S 
rRNA genes were wild-type.

Antimicrobial resistance prediction by Pathogenwatch
The Pathogenwatch AMR predictions for azithromycin, specti-
nomycin, ceftriaxone and ciprofloxacin concurred with the MIC 
results. Pathogenwatch predicted reduced susceptibility for peni-
cillin in two isolates with a resistant phenotype and predicted 
resistance in two other isolates with a reduced susceptibility 
phenotype. Pathogenwatch predicted tetracycline-resistant all 
isolates phenotypically defined tetracycline resistant. However, 
of the six phenotype-susceptible isolates, five were predicted 
reduced susceptible and one resistant.

Molecular typing and phylogenetic analysis
Among the 46 isolates, we identified 23 STs of which 10 were 
new profiles (figure 1). Eighteen STs were identified among the 
33 isolates from 2020, half pertained to four STs: ST7822 (n=5); 
ST9903 (n=4); STUnk_1 (n=4); ST1931 (n=3) (figure 1).

Genomic core analysis resulted in two main lineages 
(figure  1). The first, group A, clustered nine isolates; and the 
second contained three groups, B1, B2 and B3, with 12, 18 and 
7 isolates, respectively. Each group clustered penA allele types: 
penA.2, penA.19, penA.14, penA.22 clustered with group A, B1, 

B2 and B3, respectively. The highly penicillin-resistant isolates 
carrying blaTEM-135 belonged exclusively to ST7822 clustered in 
group A and ST9903 clustered in group B3. Group B2 included 
two predominant STs, STunk_1 and ST1931, while all ST1588 
were clustered in B1. All isolates in group B3 carried the tetM 
gene.

DISCUSSION
To our knowledge, this study is one of the only reports of the 
last decade that provides information on AMR and WGS of NG 
isolates from Madagascar.

The CBC reported almost all NG isolates (98%) resistant 
to ciprofloxacin in agreement with reports from other African 
countries.23 24 They reported 4.6% and 3.1% resistance to ceftri-
axone and azithromycin (only tested in 2019 and 2020), respec-
tively. The MICCRO decreased over the last 3 study years and an 
increase in MICAZT was observed from 2019 to 2020. β-lacta-
mase production was common (94%).

We aimed to retest and include in the WGS all isolates from 
2020, to set a baseline for further surveillance, and all isolates 
found resistant or reduced susceptible to ceftriaxone and azith-
romycin over the previous years, to confirm the phenotypical 
observation and determine the AMR determinants. Unfortu-
nately, only a fraction of isolates obtained over the study period 
was available. In addition, less than two-thirds of retrieved 
isolates were viable, highlighting challenges medical laboratories 

Table 3  β-lactamase genes, plasmid types and associated minimal inhibitory concentration of penicillin (MICPEN)

blaTEM allele

β-lactamase plasmid type Total N
Median MICPEN (µg/mL)
(min; max)African type (pJD5) n (%) Johannesburg type (pEM1) n (%) Asian type (pJD4) n (%) Not determined n (%)

TEM-1 17 (59) 8 (27) – 4 (14) 29
32 (0.125; 256)

TEM-135 – – 6 (100) – 6
72 (16; 256)

TEM-206 2 (67) – 1 (33) – 3
3 (2; 12)

Total 19 (50) 8 (21) 7 (18) 4 (11) 38

max, maximum; min, minimum.

Figure 1  Phylogenetic tree using core genome SNP analysis for 46 Neisseria gonorrhoeae isolates from Madagascar, 14 WHO strains and N. 
gonorrhoeae FA 1090 genome. SNP, single nucleotide polymorphism.
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in low-income and middle-income countries (LMICs) may 
encounter in storing fastidious microorganisms for surveillance 
purposes.

We could retest 6 of the 17 isolates defined ceftriaxone 
resistant and found them susceptible with low MICCRO values. 
Our finding underscores the need to flag and retest isolates 
with MICCRO exceeding the breakpoints.7 Two isolates consid-
ered azithromycin resistant were retested and found susceptible. 
Both isolates were obtained in 2020 and may explain in part the 
observed rise of MIC90 in 2020.

We did not detect any specific genomic determinant associ-
ated with ceftriaxone, azithromycin or spectinomycin resistance 
among the sequenced isolates, concordant with the AMS pheno-
types obtained after retest. We observed incremental increases in 
the MICCIP when mutations in gyrA and parC genes accumulated, 
in agreement with previous reports.4

Almost all penicillin-resistant isolates carried the blaTEM gene 
conferring high-level resistance. Three blaTEM were identified: 
TEM-1 was the most prevalent and is usually found,4 TEM-206 
has not been described previously, but TEM-135 is the most 
worrisome. TEM-135 requires only one SNP to evolve into 
extended-spectrum β-lactamase inducing resistance to extended-
spectrum cephalosporins (ESCs).4 All TEM-135 were carried by 
the Asian plasmid type, in agreement with studies from China25 
and the UK26 but in contrast with a global study27 reporting 
that blaTEM-135 was commonly associated with the Toronto/Rio 
plasmid type. Moreover, a chromosomally mediated resistance 
or reduced susceptibility to penicillin through the accumula-
tion of mutations was observed in all isolates. We found a high 
proportion of isolates carrying the tetM gene acquired through 
conjugate plasmids and associated with higher MICTET values. 
Although penicillin and tetracycline are no longer employed to 
treat gonorrhoea, the majority of the isolates contained plasmids 
carrying resistance genes (n=33). The high prevalence of plas-
mids in NG isolates from Africa was reported previously.28–30 In 
addition, our finding supports the hypothesis that the plasmids 
present in NG do not impose a fitness cost.28

More than half (n=24) of the isolates carried an accumula-
tion of chromosomal modifications in ponA and mtrR genes, two 
carried a mutation in porB1b gene. The resulting overexpres-
sion of the efflux pump and structural changes in the membrane 
contribute to the resistance or decreased susceptibility of a wide 
range of antimicrobials.4

The genome-based Pathogenwatch AMR prediction correlated 
well with the phenotypical resistance profile. Few discrepancies were 
observed in case of plasmid-mediated resistance. Pathogenwatch 
classified all tetracycline-susceptible isolates and those without the 
tetM gene reduced susceptibility due to the presence of other genetic 
resistance determinants. It classified two isolates penicillin resistant 
because they carried a blaTEM gene, but Etesting defined them 
reduced susceptible. Notwithstanding, isolates containing β-lacta-
mase plasmids and having a MIC below the resistance threshold 
have been reported previously.31 The opposite was also observed: 
Pathogenwatch classified two penicillin-resistant isolates but lacking 
the blaTEM gene as reduced susceptible.

We found a wide diversity of STs (n=23), but two-thirds were 
singletons. We hypothesise that the lack of clonal transmission 
within our study population is due to our study design and 
small number of isolates. However, almost half of the isolates 
pertained to four major STs: ST9903, ST7822, ST1931 and 
Unk_1. The identified STs present in the Pathogenwatch data-
base were reported previously in Europe (the UK, Norway, 
Sweden, Portugal, Greece), Australia, the USA and Vietnam.32 
ST7822 has been prevalent in France since 2018,33 and both 

ST1931 and ST1588 were reported in Africa: Burkina Faso, 
South Africa and Kenya.34–36 On the other hand, the observa-
tion of STUnk_1 as a predominant ST suggests the circulation 
of a possible new clone in Antananarivo, Madagascar. We did 
not identify ST9363 or ST1901 associated with high-level resist-
ance to ceftriaxone and azithromycin. However, we detected 
two ceftriaxone-susceptible isolates belonging to ST7827, an ST 
associated with ESC resistance.37

The isolates pertained to two lineages with one presenting three 
clusters. We did not observe a clustering of isolates associated with 
their phenotypical AMS profiles. This observation may be incon-
sistent with previous reports,38 and is probably due to the obtained 
dichotomy: all isolates were fully susceptible to three antimicrobials 
and almost fully resistant to the other three.

The Malagasy national treatment guidelines recommend ceftri-
axone in combination with azithromycin in case of coinfection 
with C. trachomatis. We could not confirm the data submitted to 
the GLobal Antimicrobial resistance and use Surveillance System 
suggesting that ceftriaxone is no longer a valid antimicrobial for 
first-line treatment in Madagascar.39 Moreover, our findings 
support the need to implement national NG AMS surveillance 
and assign reference laboratories for reporting accurate data and 
providing warnings in case of AMR to the Ministry of Health. 
The benefit of retesting by reference laboratories was previously 
concluded, although in a high-resource context, by Harris et 
al, as they observed that discrepancies between phenotype and 
genotype data were solved after retesting isolates.40

In conclusion, surveillance of NG is mainly laboratory based 
requiring culture and AMS testing. Consequently, NG surveillance 
in many LMICs is limited. We demonstrated that genetic detection 
of AMR determinants is feasible. However, developing NG DNA 
capture methods and addressing WGS capabilities in LMICs will be 
essential for effective NG surveillance and management. Further-
more, with appropriate epidemiological data, a more comprehensive 
genomic epidemiological surveillance could be considered.
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