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Ceftriaxone resistance in Neisseria gonorrhoeae is an escalating 
global health concern, threatening the efficacy of empiric 
treatment. In the Asia-Pacific region, a rapid surge in 
ceftriaxone resistance has been observed, primarily associated 
with the penA-60.001 allele. This study, conducted in Hanoi, 
Vietnam between 2023 and 2024, analyzed 352 N. gonorrhoeae 
isolates and found a 27% prevalence of ceftriaxone resistance. 
Whole-genome sequencing identified that resistance was 
predominantly driven by the mosaic penA-237.001 allele, with 
a smaller contribution from penA-60.001. The high prevalence 
of resistance and the emergence of new alleles underscore the 
urgent threat to ceftriaxone as an empiric treatment option.
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Antimicrobial resistance (AMR) in Neisseria gonorrhoeae is an 
urgent global health threat. Ceftriaxone, the last effective 
option for empiric gonococcal treatment, is facing increasing 
resistance. N. gonorrhoeae isolates with ceftriaxone minimum 

inhibitory concentration (MIC) greater than 0.125 mg/L are 
defined as resistant (European Committee on Antimicrobial 
Susceptibility Testing [EUCAST] breakpoints, version 14.0). 
Recent studies document a significant rise in ceftriaxone- 
resistant N. gonorrhoeae strains in the Asia-Pacific region, 
with a prevalence exceeding 20% in many settings [1, 2]. In 
Vietnam, resistance increased markedly from just 1% during 
the 2011–2019 period to approximately 27% in 2023 [3–5]. 
This underscores the immediate threat to ceftriaxone’s contin
ued efficacy in the region. Since 2015, the FC428 strain carrying 
the penA-60.001 allele, first reported in Japan, has spread inter
nationally [6]. More recently, ceftriaxone-resistant strains in the 
United States [7], United Kingdom [8], and Europe [9] have 
been linked to the penA-60.001 allele, with several cases associat
ed with travel to the Asia-Pacific region, including Vietnam. 
Additionally, reports from Cambodia suggest the prevalence of 
the penA-60.001 allele was more extensive in the region than pre
viously thought [1]. This report describes the prevalence and 
molecular epidemiology of ceftriaxone-resistant N. gonorrhoeae 
strains in Hanoi, Vietnam isolated between 2023 and 2024.

METHODS

From 1 January 2023 to 27 June 2024, all N. gonorrhoeae isolates 
collected through routine laboratory procedures at Hanoi 
Medical University (HMU) Hospital (Hanoi, Vietnam) under
went antibiotic susceptibility testing. Culture specimens were ob
tained from patients with genital discharge who sought care at the 
outpatient department; anyone can attend the HMU outpatient 
clinics. MICs for ceftriaxone, azithromycin, and cefixime were 
determined using E-tests (bioMérieux) and interpreted according 
to the EUCAST breakpoints (version 14.0). All isolates with cef
triaxone MICs ≥0.125 mg/L (the World Health Organization 
[WHO] alert-level) were selected for cefixime and azithromycin 
MIC determination and for whole-genome sequencing (WGS) 
as part of this study. Isolates underwent DNA extraction 
(Qiagen DNeasy Kit), library preparation with the Nextera XT 
Library Preparation kit, and WGS on an Illumina MiSeq system 
using Miseq Reagent Kit version 3 (Illumina). Additional labora
tory methods are included in Supplementary Material 1.

Illumina paired reads were preprocessed with Trimmomatic, 
and then de novo assembled into contigs using Shovill. The 
pyngoST tool assigned multilocus sequence types (MLST) 
and AMR genotypes (NG-STAR). AMR genes and point muta
tions were identified using the organism-specific mode of 
AMRFinderPlus.

Trimmed reads were mapped to a reference genome 
(FA1090) and variants were called using the Snippy pipeline. 
A core single-nucleotide polymorphism (SNP) alignment was 
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produced with snippy-core, combining all positions with an 
SNP in at least 1 of the isolates in the studied panel. This mul
tiple sequence alignment of core SNPs was then filtered down 
by excluding all variation detected in repetitive, recombinant 
(detected with Gubbins), and prophage (detected with 
PHASTER) regions to obtain an alignment of purely vertically 
acquired mutations. IQtree was used to infer maximum likeli
hood (ML) phylogenetic trees with the ModelFinder Plus with 
ascertainment bias correction model, which incorporates SNP 
ascertainment bias correction and uses ModelFinder to auto
matically pick the best-fit substitution model. Branch support 
was evaluated with 10 000 bootstrap replicates. Median joining 
haplotype networks of clades of interest were inferred with 
PopART. Details of the bioinformatics methods and references 
are in Supplementary Material 1. Data are available under 
BioProject PRJNA1161034, and isolate run accession numbers 
for individual samples in Supplementary Material 2.

The study was approved by the HMU Institutional Review 
Board (1155/GCN-HMUIRB).

RESULTS

In total, there were 365 N. gonorrhoeae isolates collected during 
the study period, nearly all (98.9%) were from the outpatient urol
ogy department; 13 were nonviable or unavailable for additional 
testing and were excluded from subsequent analysis. Of the 352 
available isolates, 26.7% (94/352) were ceftriaxone resistant 
(MICs >0.125 mg/L) and 29.5% (104/352) had WHO alert values 
(MICs ≥0.125 mg/L); a ceftriaxone MIC distribution plot is 
shown in Supplementary Figure 3. Among the 104 isolates with 
MICs ≥0.125 mg/L, all were from urethral swabs from men for 
evaluation of urethritis with genital discharge; the median age 
was 27 years (interquartile range [IQR], 21–33 years). These 
104 isolates were all resistant to cefixime but susceptible to azi
thromycin. The MICs for ceftriaxone, cefixime, and azithromycin 
for the 104 isolates can be found in Supplementary Material 2.

Of 104 N. gonorrhoeae isolates with ceftriaxone MICs 
≥0.125 mg/L, 95 underwent WGS; 9 were excluded due to insuf
ficient amounts of extracted DNA. Five isolates with an average 
read depth <30 were excluded from further analyses. Detailed 
metadata, phenotypic antimicrobial susceptibility, and WGS 
quality metrics are shown in Supplementary Material 2. 
Genotyping revealed 13 distinct MLST sequence types, compris
ing 12 known STs and 1 new ST with a novel combination of pre
viously reported alleles. ST1901 was the most prevalent, found in 
64 isolates (71.1%), followed by ST13871 in 9 isolates (10%), and 
ST7822 in 4 isolates (5.6%) (Supplementary Material 3).

The majority of isolates carried the penA-237.001 allele (76%, 
n = 68). Phylogenomic analysis showed that penA-237.001 iso
lates were found in 3 distinct clades (Figure 1). One major clade 
(clade 1) contained a total of 70 isolates, of which 66 harbored 
the penA-237.001 allele. In contrast, the 2 smaller clades 

included clade 3 with 4 isolates, of which only 1 carried the 
penA-237.001 allele, and clade 4 with 3 isolates, with 1 carrying 
the penA-237.001 allele. Median SNP distances between these 3 
clades were 390 (clade 1–3), 424 (clade 1–4), and 522 SNPs 
(clade 3–4), suggesting 3 separate events of allele acquisition 
across these distinct genetic backgrounds (Supplementary 
Table 2 and Supplementary Figure 1).

Clade 1 was primarily composed of penA-237.001 isolates 
(n = 65) but also included a notable subclade of 4 
penA-265.001 isolates. Within this subclade, 3 different se
quence types were identified (ST1901, ST18077, and ST7822), 
while 97% of the penA-237.001 isolates in the clade were as
signed to ST1901. The median SNP distance within clade 1 
was 17 (IQR, 8–33), suggesting the clade represents a local clon
al expansion. Sixty-nine isolates closely clustered with strain 
F92; 8 differed by only 12 SNPs, indicating a close genetic rela
tionship [10] (Figure 1). Clade 2, the second largest clade, con
sisted of 12 penA-60.001 isolates that clustered closely with 
reference strain WHO R (ST1903). Within this clade, 9 isolates 
were assigned ST13871, 2 had ST17523, and 1 represented a 
novel sequence type (Figure 1 and Supplementary Figure 2).

Among the ceftriaxone-resistant isolates, 7 different mosaic 
penA alleles, including 1 novel mosaic penA allele, were 
identified (Supplementary Material 3). Median ceftriaxone 
MICs were similar between isolates carrying penA-60.001 
(0.44 mg/L; IQR, 0.38–0.5) and penA-237.001 (0.25 mg/L; IQR, 
0.19–0.5) (P = .073, Mann-Whitney U test; Supplementary 
Figure 4). All the mosaic penA alleles featured the A311V and 
N513Y mutations, which are linked to phenotypic extended- 
spectrum cephalosporin resistance. Additionally, 96.7% (87/90) 
of the isolates harbored G120 and/or A121 porB1b mutations. 
Eighty-four isolates (93.3%) had a single base-pair deletion in 
the promoter region of mtrR, which negatively regulates the ex
pression of the mtrCDE efflux pump. Four isolates had muta
tions in the mtrR structural gene itself (3 A39T and 1 G45D), 
all of which diminish repression and result in increased efflux 
pump activity. Details of AMR associated determinants are in 
Supplementary Material 3.

Only 3 patients returned for evaluation after treatment. Two pa
tients did not have symptoms, and additional cultures were not 
performed. The third patient returned 6 weeks after the initial visit 
with urethral discharge and a repeat culture grew N. gonorrhoeae. 
Genome sequence reads of the 2 isolates (VN-HA-24-00014 and 
VN-HA-24-00023) were cross-mapped against each other’s de 
novo assembled contigs, revealing zero SNPs across the 2.2-Mb 
bacterial chromosome. There were no other isolates in the dataset 
that were identical to this one (Figure 1D).

DISCUSSION

Our report describes the alarmingly high prevalence of N. gon
orrhoeae isolates with ceftriaxone resistance (27%) in Hanoi, 
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Figure 1. Phylogenetic relatedness of 90 Neisseria gonorrhoeae isolates from Hanoi, Vietnam with ceftriaxone alert values (minimum inhibitory concentrations 
≥ 0.125 mg/L). A, ML tree (midpoint rooted) of 90 isolates collected at Hanoi Medical University Hospital between January 2023 and June 2024. In addition, 6 well- 
characterized N. gonorrhoeae reference isolates were included in this panel: 5 WHO reference strains, WHO D, WHO Q (2018, UK), WHO R (FC428, 2015, Japan), WHO 
X (H041, 2009, Japan), and WHO Y (F89, 2010, France), and 1 ceftriaxone-resistant strain (F92) linked to Vietnam (2022, France). The ML tree is based on 2088 SNP differences 
detected across the whole core genome of the isolate panel and was visualized using iTOL version 6.9.1. MLST are annotated on the ring around the ML tree and penA alleles 
are depicted as symbols on the branch leaves. Separate ML phylogenetic trees of isolates belonging to clade 1 (B) based on 706 core SNPs and clade 2 (C ) based on 367 core 
SNPs are depicted to provide higher granularity. D, A median joining tree of clade 1. Each circle represents a unique genome, and the size of the circle is proportional to the 
number of isolates sharing that genome. Hatch marks on the edges connecting the genomes represent the number of SNPs between genomes. Node color corresponds to 
penA alleles. Abbreviations: ML, maximum likelihood; MLST, multilocus sequence type; SNP, single-nucleotide polymorphism; WHO, World Health Organization.
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Vietnam from January 2023 through June 2024. Genomic anal
yses demonstrated that ceftriaxone resistance was primarily 
driven by the mosaic penA-237.001 allele, accounting for 76% 
of resistant strains, and to a lesser extent by the penA-60.001 al
lele. These findings are similar to the 2023 Enhanced 
Gonococcal Antimicrobial Surveillance Programme (EGASP) 
surveillance report, which also found penA-237.001 to be prev
alent in both Hanoi and Ho Chi Minh City, while penA-60.001 
was notably more common in Ho Chi Minh City [11]. While 
the EGASP-Vietnam report contains separate data, the studies 
are complementary and reinforce the findings of ceftriaxone re
sistance. Our report provides more recent data spanning all of 
2023 through June 2024 and includes 352 isolates from 1 hos
pital in Hanoi, whereas the EGASP report included data from 
sexually transmitted infection hospitals in Ho Chi Minh City 
(n = 101) and Hanoi (n = 153) in 2023. Nevertheless, the data 
highlight the geographical variations in resistance and trans
mission patterns between northern and southern Vietnam, 
which are approximately 1000 km apart, while also aligning 
with data from neighboring Cambodia, where penA-60.001 
dominates among resistant isolates [1]. This report expands 
on our prior work [5], adding 2024 isolates and WGS analysis, 
to provide a broader, updated view of the emerging 
ceftriaxone-resistance in Vietnam.

Interestingly, penA-60.001 isolates from this study were pre
dominantly associated with ST13871, a sequence type that like
ly evolved from strain FC428 (WHO R). A prior report from 
Vietnam using isolates from 2019–2020 detected the FC428 
subclone with ST13871 in and around Ho Chi Minh City 
[12]. The persistence of this continuously evolving sequence 
type in Vietnam years after its initial detection underscores 
its successful adaptation and ongoing local transmission as 
part of a globally circulating lineage.

The majority of isolates harbored mosaic penA-237.001, 
which was first reported in 2022 from 2 female patients in 
France and the United Kingdom, 1 of whom had a partner 
who recently traveled to Vietnam (strain F92) [8, 10]. 
Additionally, we identified 4 isolates with penA-265.001 that 
were closely related to penA-237.001 isolates. This allele was 
previously only reported in the Vietnam EGASP data [11]; in 
the NG-STAR database, it was linked to a male patient in 
Norway infected in Asia in May 2023. These instances are the 
only known reports of penA-237.001 and penA-265.001, sug
gesting a potential local introduction.

Our findings underscore the threat to ceftriaxone as first-line 
treatment for gonorrhea in the region, highlighting the need for 
updated treatment guidelines and new therapeutic agents. The 
2024 WHO gonococcal treatment guidelines now recommend 
1 g ceftriaxone intramuscularly once as first-line monotherapy, 
an increase from the 2016 recommendation of 250 mg ceftriax
one combined with azithromycin dual therapy [13]. Our data 
support the recommendations for using a higher dose of 

ceftriaxone empirically in settings with a high prevalence of 
ceftriaxone resistance. However, the recommended 1-g dose 
of ceftriaxone was primarily determined by pharmacodynamic 
data. Clinical trials directly comparing 500 mg to 1 g of ceftri
axone in these settings have not been performed, but could help 
determine the optimal dose needed to treat infections while 
minimizing side effects and further development of resistance. 
One limitation of our study is the use of routine microbiology 
laboratory data, which lacks clinical data, including patient de
mographics, behaviors, treatments, and follow-up. This in
cludes tests-of-cure, which are not done routinely but could 
provide important data on possible treatment failures. Our re
port includes 1 person who returned after treatment and had a 
positive culture; genomic data of the 2 isolates showed exact ge
netic similarity, suggesting either reinfection from the same 
partner or a possible treatment failure. Improved detection 
and management of treatment failures are needed, as 
tests-of-cure are not routinely collected in most clinical 
settings.

Our data also demonstrate the extent to which non– 
penA-60.001 alleles contribute to ceftriaxone resistance in 
Vietnam, highlighting the importance of local surveillance, 
which can inform local and international epidemiology. 
Molecular tests to detect mutations associated with ceftriaxone 
resistance can be important tools for providing timely resistance 
data, but there are challenges to using allele-specific molecular 
tests, such as ones detecting penA-60.001, as there might be 
cross-reactivity with non–penA-60.001 alleles [5, 14]. While 
WGS is ideal, the high costs remain prohibitive in many low- 
resource settings. Thus, it is crucial to develop new molecular 
tests that can detect a broad range of resistance mutations, are 
allele-agnostic, and are easy to implement in resource-limited 
settings. These tests are essential for timely identification of resis
tant strains, guiding effective treatment, and preventing further 
spread.
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Supplementary materials consist of data provided by the author 
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