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Abstract: Neisseria gonorrhoeae (NG) is the second most prevalent bacterial sexually transmitted infection world-
wide with antimicrobial resistance for expanded-spectrum drugs. Neisseria gonorrhoeae (NG) antimicrobial re-
sistance (AMR) patterns and sequence types (ST) were analyzed in Israel for the first time between 2016 and
2022. The study examined 1,205 NG isolates collected by the Israeli National NG Reference Center from various
healthcare organizations. Antimicrobial susceptibility testing (AST) was performed for seven antibiotics, and
molecular characterization was conducted using NG Multi-Antigen Sequence Typing (NG-MAST) on selected
isolates. Key findings include: High resistance rates were observed for ciprofloxacin (54.4%), azithromycin,
tetracycline, and benzylpenicillin. All isolates remained susceptible to ceftriaxone and spectinomycin. 8.6% of
isolates were classified as multi-drug resistant (MDR) and 3% as extensively drug resistant (XDR). 72 different
NG-MAST sequence types were identified, with ST292, ST4269, and ST5441 being the most common. Some
sequence types showed associations with MDR and XDR phenotypes. This study provides valuable insights
into NG AMR trends and genetic diversity in Israel, highlighting the importance of ongoing surveillance for
guiding treatment strategies and public health interventions

Keywords: gonorrhea; antimicrobial resistance; surveillance; NG-MAST; sexually transmitted diseases

1. Introduction

Neisseria gonorrhoeae (NG) is the second most prevalent bacterial sexually transmitted infection
(STI) worldwide. It has developed antimicrobial resistance (AMR) to all previous first-line drugs,
such as penicillin, tetracycline, and fluoroquinolones [1,2], leaving the expanded-spectrum cephalo-
sporins: ceftriaxone and cefixime as the only antibiotics recommended for treatment of gonococcal
infections [3,6].

The evolution of AMR in NG has emerged as a critical global health challenge over the past
decade. This gram-negative pathogen has demonstrated an exceptional ability to develop resistance
to multiple classes of antibiotics, severely limiting treatment options and raising concerns about po-
tentially untreatable gonorrhea infections [5].

One of the most alarming trends has been the increasing resistance to extended-spectrum ceph-
alosporins (ESCs), particularly ceftriaxone, which has long been considered the last line of defense
against gonorrhea [4].

In New Zealand, surveillance reports from 2018 to 2022 have tracked the proportion of gonococ-
cal isolates with reduced susceptibility to ceftriaxone [9]. This data provides valuable insights into
the evolution of AMR patterns over time and across different demographic groups.

Many nations observed a steady rise in azithromycin resistance, compromising its effectiveness
as part of dual therapy regimens [10].

Ciprofloxacin resistance remained high globally, with rates exceeding 50% in numerous coun-
tries [10].

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202501.0373.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 6 January 2025 d0i:10.20944/preprints202501.0373.v1

2 of 6

The emergence of MDR and XDR strains is particularly concerning [11]. These strains often carry
multiple resistance determinants, severely limiting treatment options and posing a significant chal-
lenge to public health efforts.

The COVID-19 pandemic led to decreased testing capacity for NG cultures in many countries,
affecting surveillance efforts [12].

There was notable inter-study variability and frequently small sample sizes in AMR studies,
particularly in Africa, making appropriate inter-study and inter-country comparisons difficult [12].

These trends underscore the urgent need for continued global surveillance, development of new
treatment options, and implementation of effective strategies to combat the growing threat of AMR
in NG.

The sequence types (ST) of NG play a significant role in determining the patterns of AMR ob-
served in different regions. NG ST defines on molecular analysis based on por and tbpB genes alleles
NG multi-antigen sequence type's method (NG-MAST) [11,14].

The most common ST of NG associated with antimicrobial resistance include:

1. Globally Prevalent Resistant Sequence Types: ST1901 that is frequently associated with decreased
susceptibility or resistance to extended-spectrum cephalosporins, particularly ceftriaxone [15,16].
ST1901 has been identified in multiple countries across different continents, indicating its global
spread [17].

ST7363 linked to decreased susceptibility to ceftriaxone and resistance to multiple other antibi-
otics, ST-7363 has emerged as a concerning strain, especially in Asian countries [7,12]. ST1407 that
is associated with multidrug resistance, including resistance to cephalosporins and azithromycin[ 7,
14].

2. Emerging Resistant Sequence Types: ST13871 associated with high-level azithromycin resistance, ST-
13871 has been reported in multiple European countries and the United States [7,13]. ST14422 that
Identified as a prevalent sequence type in some regions, ST14422 has been associated with resistance
to multiple antibiotics, including tetracycline and ciprofloxacin [13,15]. ST11210 that has been linked
to decreased susceptibility to extended-spectrum cephalosporins and resistance to fluoroquinolones
in some studies [7,15] .

The Israeli National NG Reference Center (INNGRC) of the Ministry of Health (MOH) collect
all positive NG isolates from all Israeli healthcare organization (IHO). It's important that Nucleic Ac-
ids Amplification Tests (NAAT) for diagnostic of NG in urine, replaces the traditional methods of
microbiological cultures, resulting in fewer NG isolates.

The aim of this study was to describe and analyze the phenotypic AMR patterns and trends of
NG isolates collected in Israel, between 2016 and 2022, in conjunction with their NG-MAST.

Our study discribeed for the first time ST and antimicrobial resistance of NG in Israel. Our re-
sults may contribute to the understanding of global spread of specific ST as well as better treatment
and infection containment in Israel.

2. Materials and Methods
2.1. Study Population and Sample Collection

Clinical isolates of NG were collected by the INNGRC, from all IHO: health maintenance organ-
ization (HMO), hospitals' laboratories (HL) and STI walk-in clinic (SL). In total, 1205 samples were
collected, analyzed, and stored between 2016 and 2022.

2.2. Bacterial Grow and Testing

Isolates were cultured on NYC Medium [19] and incubated for 24 h at 35°C in a 5% CO: atmos-
phere.

NG isolates were identified by colony morphology, Gram staining, oxidase, catalase, nitrate tests
and Matrix-Assisted Laser Desorption-lonization Time-Of-Flight Mass Spectrometry (MALDI-TOF
MS, Bruker) [20]. All the isolates were stored at -80°C on Protect Micro-organism Preservation Beads
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in Cryovial of Technical Service Consultants Ltd 2/[97]. The ATCC NG strain 49226 was used as an
internal control for all test methods [22].

2.3. Antimicrobial Susceptibility Testing (AST)

Panel of 7 antimicrobials: Benzylpenicillin (BEN), ceftriaxone (CTR), cefixime (CIX), azithromy-
cin (AZI), ciprofloxacin (CIP), tetracycline (TET), and spectinomycin (SPE) were tested by using of
gradient strip E-test (bioMérieux Marcy-1"E"toile, France) [23], Minimum Inhibitory Concentrations
(MIC) (mg/L) were interpreted according to the European Committee on Antimicrobial Susceptibility
Testing clinical breakpoints (EUCAST) [24] for sensitivity (S), intermediate (I), and resistance (R).

MDR/XDR of NG susceptibility was defined accordingly: 1. Decreased susceptibility to the ceph-
alosporins or resistance to azithromycin, along with resistance to at least two other antimicrobials
was defined as MDR-NG, 2. Decreased susceptibility to a cephalosporin plus resistance to azithro-
mycin as well as resistance to at least two other antimicrobials was defined XDR-NG [25].

All isolates were suspended on Mueller Hinton Broth and cultured on GC Medium Base Agar
[16].

2.4. Molecular Characterization Using NG-MAST Genotyping

Sixty-seven isolates from 2017 were characterized by the NG Multi-Antigen Sequence Typing
(NG-MAST) system as described [13]. The allele numbers of por and tbpB, and the sequence types
(ST's) were assigned using publicly accessible database on the NG-MAST website (available at:
https://pubmlst.org/).

Two hunderd and twelve isolates from years 2018 and 2022 were charscterized by whole genome
sequencing (WGS). DNA Paired-end libraries were prepared using the Illumina Nextera XT DNA
Library Preparation Kit according to Illumina protocols [26]. For sequencing, we utilized the Illumina
MiSeq platform using a MiSeq Reagent Kit v2 (500-cycles) (catalogue MS-102-2003) or a MiSeq Rea-
gent Kit v3 (600-cycle), (catalogue MS-102-3003).

Raw short reads were quality analyzed with FastQC v0.11.9 [27] and then trimmed with
Trimmomatic v0.39 [28] using the parameters "SLIDINGWINDOW: 4:15 MINLEN: 50". De novo as-
sembly of the short reads was performed using the SPAdes v3.13.1 [29] assembler. NG-MAST [14]
STs were assigned to each isolate using the MLST [https://github.com/tseemann/mlst] tool.

3. Results

3.1. Demographic Characteristics of the Study Group

A total of 1205 samples were collected and analyzed throughout the study period. All isolates
underwent both phenotypic and molecular testing and were identified as NG based on characteristic
colony growth on selective agar media, microscopy of Gram-negative diplococci, biochemical activity
tests, and MALDI-TOF MS. The basic demographic information is summarized in Table 1 "Gender
distribution".

Table 1. Gender distribution.

Year Number of isolates  Ratio male-to-female Medlanl:'j[xfleeFemale/
2016 111 14.7 27/29

2017 228 6.8 31/30

2018 157 5.8 31/29

2019 200 14.6 41/31

2020 143 16.1 46/29

2021 152 8.9 33/28.5

2022 214 15.3 30/32

All years 1205 10% 33*/30*
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12.3%* 32/30**

* -average result. **- median result.

Among the 1205 examined samples, 82.9% of the isolates were from males, 9.7% from females,
and 7.4% were from unknown gender. The median age of all patients was 33 years for males, and 30
years for females for the entire testing period. The gender and age distribution trends for the patients
from all IHO are illustrated in Figure 1. "Gender and age distribution of a patients from IHO".

Patients age distribution

80%
Sex
70% = 3 Female
3 Male
60%
n
a
2 50% -
ﬁ
5 40% -
3 30% -
&
20% =
10% =
0% T T T L T 1
0-20 21-40 41-60 60+
Age

Figure 1. Gender and age distribution of patients from IHO.

Figure 2 “Comparing of the reported cases and received positive inoculates" compares the num-
ber of NG positive inoculates collected at the INNGRC with the overall number of NG positive cases
reported to the MOHs Department of Epidemiology.

Comparing of the reported cases and recieved positive inoculates
100%

80% -

60% A

40% -

20%
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[ Reported Cases [ Recieved Inoculates

Figure 2. “Comparing of the reported cases and received positive inoculates.

The number of reported cases was four times higher than the number of NG isolates identified.
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3.2. Antimicrobial Susceptibility Testing (AST)

A panel of seven antibiotics—Cefixime (CIX), Azithromycin (AZI), Tetracycline (TET), Ben-
zylpenicillin (BEN), Spectinomycin (SPE), Ciprofloxacin (CIP), and Ceftriaxone (CTR)—was em-
ployed for AST on all NG isolates collected in the INNGRC.

The antimicrobial resistance profile of the 1205 isolates is summarized in Table 2 "NG isolates
phenotypic antimicrobial resistance profile".

Table 2. NG isolates phenotypic antimicrobial resistance profile.

Number Resistance*
No Year of
. CIX A7Z1 TET BEN SPE cIp CTR
isolates
1 2016 111 20 (18.0%) 56 (50.5%) 50 (46.3%) 37 (33.3%) 0 79 (71.2%) 0
2 2017 228 38 (16.7%) 76 (33.3%) 58 (25.4%) 54 (23.7%) 0 105 (46.1%) 0
3 2018 157 18 (11.5%) 52 (33.1%) 36 (22.9%) 17 (10.8%) 0 62 (39.5%) 0
4 2019 200 14 (7.0%) 75 (37.5%) 56 (28.0%) 35 (17.5%) 0 109 (54.5%) 0
5 2020 143 11 (7.7%) 64 (44.8%) 43 (30.1%) 19 (13.3%) 0 105 (73.4%) 0
2021 152 2 (1.3%) 68 (44.7%) 36 (23.7%) 11 (7.2%) 0 85 (55.9%) 0
2022 214 2 (0.9%) 106 (49.5%) 53 (24.8%) 18 (8.4%) 0 111 (51.9%) 0
Total . 497 (412%+ 332 (27.6% + 191 (15.9% + 656 (54.4% +
(Ave%ssp) ~ 120° 10587 o +6.3) 7.1) 8.7) 9.6) 0 13.4) 0

Abbreviations: Cefixime= CIX, Azithromycin=AZI, Tetracycline=TET, Benzylpenicillin=BEN, Spectinomy-
cin=SPE, Ciprofloxacin=CIP, Ceftriaxone=CTR. The data is number of isolates, with % where relevant. *Re-
sistance breakpoints determined by EUCAST.

Notably, 54.4% of the isolates exhibited phenotypic resistance to CIP, 41.3% to AZI, 8.7% to CIX,
27.6% to TET, 15.9% to BEN, while no resistance was observed for SPE and CTR.

Figure 3 "Trends of antimicrobial resistance of NG tested in Israel, 2016-2022 (%)" presents the
antimicrobial resistance profile for each antibiotic individually.
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Figure 3. Trends of antimicrobial resistance of NG tested in Israel, 2016-2022 (%).

There was no observed resistance to CTR and SPE, and from 82% up to 99% of the samples were
sensitive to CIX. For certain antibiotics such as BEN, AZI, CIP, and TET, three levels of susceptibility
were noted: resistant (R), sensitive (S), and intermediate resistance (I). The intermediate resistance
level was predominant for BEN (60% - 90%) and TET (40% - 60%), while fluctuations in R/S/I levels
for other drugs did not show clear trends. Analysis of the combined effect of various antibiotics indi-
cated that 104 isolates were classified as NG-MDR (8.6%) and 36 isolates as NG-XDR (3%). The dis-
tribution of NG MDR/XDR inoculates is illustrated in Figure 4 " NG MDR/XDR distribution in Israel:
2016-2022", showing a low level of NG-MDR isolates (5%) with no NG-XDR detected in the last two
years of the study (2021-2022).
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NG MDR/XDR distribution in Israel, 2016-2022
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Figure 4. NG MDR/XDR distribution in Israel: 2016-2022.

3.3. Molecular Characterization by NG-MAST Genotyping

Seventy-two different NG-MAST sequence types were identified among the 279 sequenced iso-
lates collected during the years 2017-2018 and 2022. Only at 2017 the NG-MAST for all samples were
identified according to two alleles the number (por and tbpB), and at 2018 and 2022 the NG-MAST was
obtained from the WGS data. The full WGS data of NG inoculates in Israel will appear in a separate
article. Of these, 36 were represented by a single isolate, 11 by double isolates, and 4 by triple isolates.
Twenty-one clusters contained more than four NG isolates. Notably, 8 (11.3%) of the STs had not
been previously reported in other countries. The interruption of NG-MAST characterization from
2019 to 2021 was due to all molecular testing resources being redirected to COVID-19 diagnosis and
characterization.

All sequence type clusters comprising at least four identical STs are presented in Table 3 "Distri-
bution of NG-MAST sequence types in Neisseria gonorrhoeae isolates in Israel 2017-2018, 2022".

Table 3. Distribution of NG-MAST sequence types in Neisseria gonorrhoeae isolates in Israel 2017-2018, 2022
* represented only by at least 4 isolates.

Year Number of Number of Most common NG-MAST
isolates NG-MAST ST (number of isolate)*
ST4269 (13), ST2318 (7), ST2997 (7), ST5441 (6), ST5049 (5), ST292 (4), ST5624
2017 78 72 @)
2018 77 72 ST292 (12), ST5441 (6), ST16169 (6), ST2992 (5), ST11547 (5), ST11461 (4)
2022 124 72 ST19665 (31), ST11461 (25), 14994 (10), 19762 (10), 17972 (8), 14764 (5)
ST19665 (31), ST11461 (30), ST4269 (16), ST292 (16), ST14994 (14), ST5441 (13),
Total 279 . ST19762 (10), ST2318 (9), ST17972 (8), ST2992 (7), ST11547 (7), ST2997 (7),

ST16169 (6), ST5049 (5), ST9208 (5), ST14764 (5), ST3935 (4), ST14760 (4),
ST14051 (4), ST5624 (4), ST12302 (4)

The most common NG-MAST types and their corresponding antimicrobial resistance results are
summarized in Table 4.
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Table 4. Distribution of most prevalent STs antimicrobial pattern.
NG-MAST n* MDR,% XDR,% CIP** BEN** TET** AZT** CIX**
5(3.2%)
5(96.8%) S(9.7%) 5(96.8%)
19665 31 0 0 o I 1(93.5%) o o
R(3.2%) R(3.2%) R(90.3%) R(3.2%)
5(3.3%)
5(83.3%) 5(86.7%)
11461 30 0 0 o I [(13.3%) o S
R(16.7%) R(83.3%) R(13.3%)
o 5(87.5%)
292 16 0 0 S I ?((355 80//0 )) 1(6.2%) S
e R(6.2%)
1(17.6%) 1(5.9%) 1(5.9%) 5(29.4%)
4269 16 294 64.7 R R(82.4%) R(94.1%) R(94.1%) R(70.6%)
5(85.7%)
1(92.9%) 5(50.0%)
14994 14 0 0 R o o 1(7.1%) S
R(7.1%) 1(50.0%) R(7.1%)
o 5(30.8%)
5441 13 0 0 S 15(57273({/0)) S 1(30.8%) S
e R(38.5%)
5(10.0%) o
19762 10 10 0 R I 1(80.0%) ;%ggo//o)) S
R(10.0%) P
5(9.1%) 1(81.8%) 1(18.2%) 5(27.3%) 5(90.9%)
2318 ? 455 91 R(90.9%) R(18.2%) R(81.8%) R(72.7%) R(9.1%)
1(87.5%) 5(25.0%)
17972 8 12.5 0 R I R(12.5%) R(75.0%) S
1(71.4%) 1(14.3%)
2997 7 0 0 5 I R(28.6%) R(85.7%) 5
5(85.7%) 5(14.3%) 1(28.6%)
2992 7 0 0 1(14.3%) I 1(85.7%) R(71.4%) 5
S5(71.4%)
1(85.7%) 5(28.6%) 5(14.3%)
11547 7 14.3 0 R 1(14.3%)
. OO . OO R .700
R(14.3%) 1(71.4%) R(14.3%) (85.7%)
5(33.3%) 5(66.7%)
16169 6 0 0 R I 1(66.7%) R(33.3%) 5
5(40.0%)
40.0%
9208 5 0 0 S I ?(( 6(()) 80// )) 1(20.0%) S
o R(40.0%)
1(80.0%)
5049 5 0 0 S I R(20.0%) R S
14764 5 0 0 R I I R S
5(25.0%) o
14760 4 0 0 S 1(50.0%) ?((55880//0 )) S S
R(25.0%) e
1(25.0%) 1(50.0%)
12302 4 50 0 R(75.0%) I R(50.0%) R S
1(25.0%) 5(50.0%)
14051 4 50 0 R I R(75.0%) R(50.0%) S
1(50.0%)
5624 4 50 0 R R(50.0%) I R S

3935 4 0 0 S I I R S
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*represented by n = 4 isolates. **Abbreviations: Ciprofloxacin=CIP, Tetracycline=TET, Azithromycin=AZI, Ben-
zylpenicillin=BEN, Cefixime= CIX.

The most frequently observed STs in Israel included: ST19665 (n=31), ST11461 (n=25), ST292
(n=16), ST4269 (n=16), ST5441 (n=13), ST14994 (n=10), and ST2318 (n=9).

4. Discussion

Our study provides a first overview of the antimicrobial resistance profiles of NG isolates col-
lected over a seven-year period from 2016 to 2022 in Israel. This research also presents the first basic
genetic characterization of NG isolates using the NG-MAST method in Israel.

Previous studies have examined various aspects of STIs in Israel, including several publications
that have discussed gonococcal antibiotic sensitivity [27-30] . One such study [31] specifically exam-
ined the antibiotic susceptibility patterns of NG isolates obtained from two major healthcare provid-
ers in Israel, the HMO and SL. This research focused on evaluating the antimicrobial resistance pro-
files of NG isolates and provided valuable insights into the changing trends of gonococcal resistance
in the region.

The current study aims to expand upon the existing knowledge by conducting a more compre-
hensive analysis of NG antimicrobial resistance over a longer time frame and incorporating the ge-
netic characterization of the isolates. This multifaceted approach will contribute to a deeper under-
standing of the epidemiology and evolution of NG strains in Israel, which is crucial for informing
targeted public health interventions and guiding the development of effective treatment strategies to
combat the growing threat of gonococcal infections.

The NG AMR Monitoring system in Israel provides valuable insights into the epidemiology of
gonococcal infections within the country. As depicted in Figure 1, the proportion of male samples
(84.2%) was considerably higher than female samples across all IHOs. This observed trend may be
attributable to the fact that in many cases, gonococcal infections in females often present asympto-
matically [34,35]. This phenomenon likely explains the significant difference and dominance of male
samples represented in all types of Israeli IHOs, with a median overall Male-to-Female (MtF) ratio of
12.3:1.

The proportion of females tested in Israel was notably lower (8.4% compared to 15.5%), while
their median age was considerably higher (33 years versus 25 years) than the corresponding figures
reported in the European study on gonococcal antimicrobial susceptibility surveillance conducted
from 2009 to 2017 [2].

Israel has not conducted regular STI surveys that include NG testing across genders. The ob-
served difference in median female age could potentially be linked to Israel's universal military con-
scription and the tendency for extensive travel post army service.

The age distribution of isolates showed a concentration in sexually active demographics: 76%
were from individuals aged 21-40, and 15% from those aged 41-60. Previous Israeli studies have in-
dicated that a portion of patients in these age groups may engage with sex workers [36].

Gonorrhea is a notifiable disease in Israel, requiring mandatory reporting to health authorities
[30]. The incidence of reported gonorrhea cases to the MOH's epidemiology department (Figure 2)
was found to be four times higher than the number of NG isolates obtained at the INNGRC. This
discrepancy is largely due to the prevalence of molecular diagnostic methods for gonorrhea [37],
which are primarily used for NG detection in urine samples and allows to obtain reliable results
quickly without the need to culture the bacteria.

In recent years, there has been a shift towards molecular diagnostic tests for NG detection,
driven by their availability, sensitivity, specificity, reliability, cost-effectiveness, and rapid turna-
round time. This trend has resulted in a decrease in the number of NG isolates obtained through
traditional microbiological cultures. However, live cultures remain crucial for phenotypic AST, clus-
ter identification, and other genome-based analyses [38], highlighting their continued importance in
comprehensive NG surveillance and research.
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The World Health Organization (WHO) has set an ambitious global target of reducing gonorrhea
incidence by 90% [39], a goal mirrored in Israel's national STI program for 2025 [27]. However, our
data reveal no significant decrease in reported gonorrhea cases in Israel between 2016 and 2022, con-
trary to these objectives similar to many other countries in Europe [40]. Several factors may contribute
to this persistent trend:

1.  Continuous importation of the pathogen through international travel
Evolving sexual behaviors and practices

3. Decreased condom use, potentially influenced by the increased adoption of HIV Pre-Exposure
Prophylaxis (PrEP)

4. Expanded availability of anonymous testing facilities

5. Establishment of dedicated sexual health clinics within HMOs, focusing on STI testing and treatment

These factors collectively create a complex landscape for gonorrhea control, highlighting the
challenges in achieving the targeted reduction in incidence. The interplay between improved detec-
tion methods, changing risk behaviors, and increased testing accessibility may partially explain the
sustained number of reported cases, underscoring the need for multifaceted intervention strategies.

Israel is not considered an endemic country for NG. This non-endemic status has important im-
plications for interpreting the AMR trends observed in our study. While our isolate susceptibility test
results reveal clear AMR patterns, these may not represent long-term endemic trends typically seen
in countries with sustained local transmission. Instead, they likely reflect a combination of imported
strains and limited local spread.

This interpretation is supported by several factors:

1. Travel-associated gonorrhea: studies have shown that international travel contributes significantly to
the importation of NG strains, particularly AMR strains, in non-endemic settings [8,41].

2. Genetic diversity: our NG-MAST results revealed a high diversity of sequence types, including sev-
eral found in other countries, suggesting frequent importation [42].

3. Fluctuations in AMR patterns: The variability in resistance profiles over time aligns more closely with
changing patterns of imported strains rather than stable endemic transmission [43].

Despite these considerations, it's important to note that the AMR trends we've identified in our
study shown considerable harmony with findings from analogous research in different parts of the
world [44-46]. This global concordance suggests that while Israel may not be endemic for NG, it is
part of the global network of NG transmission and AMR development.

This interpretation underscores the importance of continued surveillance and the need to con-
sider both local and global factors in understanding and addressing NG AMR in Israel. Further re-
search, including detailed travel history of cases and more extensive molecular typing, would be
valuable in confirming and quantifying the extent of imported versus locally transmitted strains.

Similar to the outcomes of European AMR monitoring [47], our study did not detect any re-
sistance to CTR and SPE, which are utilized in Israel for the treatment of NG. These results carry
important implications for treatment choices and highlight the necessity for thorough resistance pro-
filing to inform clinical practices.

Our research has indicated a notable rise in resistance to CIP among NG isolates in Israel. The
average resistance rate for CIP was found to be 54.4% =+ 13.4%, which is more than double the rate of
26.1% recorded in a previous study conducted between 2002 and 2007. This increase is consistent
with elevated resistance levels reported worldwide [48-51]. Resistance to other antibiotics has also
approximately doubled compared to earlier studies, as presented in Table 2. The increase in AMR is
probably associated with the widespread usage of antibiotics, which has diminished their effective-
ness as first-line treatments.

The findings of our study underscore the necessity of monitoring intermediate (I) resistance
alongside resistant (R) and susceptible (S) levels. For example, we noted an unexpected decline in
BEN resistance from 32% in 2016 to 12% in 2020, along with a reduction in susceptibility (from 3.5%
to 1.4%). This trend can be attributed to a significant rise in intermediate resistance, which increased
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from 62% to 86%. Similar resistance patterns were documented in a study from Northern Spain [52],
where BEN resistance rates were R=1.3%, [=81.7%, and S=17.0%, with TET also exhibiting high inter-
mediate resistance (I=43.1%). These insights can assist clinicians in determining the appropriateness
of specific antibiotics for either mono or combination therapy [53].

Our study revealed a decreasing trend in XDR and MDR levels from 2016 to 2022. In 2016, 23.4%
of isolates were classified as MDR-NG, while 9.9% were XDR-NG. By the years 2021-2022, only MDR-
NG strains were detected at rates of 3.4% and 4.2%, respectively, with no XDR-NG strains identified.
For context, a comparable number of XDR-NG strains were reported in Canada at the same period
[22,54]. Cases of resistance to ceftriaxone and azithromycin have been documented globally, includ-
ing in the United Kingdom, Australia [55], and France involving two heterosexual patients, one of
whom had traveled to Cambodia [56].

Israel is not endemic for NG, as most cases are likely imported by tourists. In comparison, XDR-
NG infections in France were linked to patients returning from Cambodia [44]. The impact of the
COVID-19 pandemic on tourism could account for the absence of extensively drug-resistant strains
and the relatively low prevalence (<5%) of multidrug-resistant strains in 2021-2022.

This research provides the first overview of the sequence type (ST) epidemiology of NG in Israel.
We identified significant genetic diversity among a total of 279 isolates. This diversity likely reflects
the non-endemic status of gonorrhea in Israel and the impact of international travel and tourism on
the strains importation. Several STs prevalent in Israel (ST4269, ST5441, ST2318, ST2997, ST11547,
ST16169) were underrepresented in the latest Euro-GASP surveys [2,47].

The study revealed 27 NG-MAST in Israel, previously documented in European surveys con-
ducted between 2009-2010 and 2013. While certain STs were prevalent across various EU countries,
not all were detected in Israel. Notably, several clusters common in Israel, including ST2318, ST5441,
and S5T2992, were also reported in a survey from Spain [2,39,42,54,57].

The most common Israeli clones—ST4269, ST5441, ST2318, ST2997, ST11547, and ST16169 —were
underrepresented in the most recent Euro-GASP [2,47,53,58]. ST4269, classified as an extensively
drug-resistant (XDR) or multidrug-resistant (MDR) cluster, was not identified in Israel in 2022. While
internationally disseminated XDR-NG strains 5T1407 and ST16406 were absent from Israel, other
XDR/MDR-NG clusters like ST4269 and ST2318 were discovered in 2017-2018 and 2017+2022, respec-
tively.

Six of the most prevalent STs in European countries were also detected in Israel (5121, ST292,
S5T2992, ST5624 and ST5793) [53,59]. Out of the 21 most prevalent Israeli ST clusters (>4 isolates), four
STs (ST5441, 2992, 5624, 292) were strains circulating in Europe.

Diversity in AMR levels was observed within the same clusters. For instance, two isolates of
ST1993, primarily circulating in Belarus and the EU, exhibited sensitivity to all tested antimicrobial
agents, whereas ST19972 demonstrated resistance to azithromycin in 50% of cases.

The open and sex-tolerant nature of Israeli society and international travel habits may facilitate
the introduction of NG strains. Recent literature has discussed international sexual networks [36].
The scarcity of global data on molecular genotyping for NG may account for the significant number
of STs identified solely in Israel, although the existence of local NG variants cannot be discounted.

The WHO recommend to perform ongoing AMR surveillance. Reports on AMR should function
as an early warning mechanism for potential community resistance. In cases of suspected AMR, a
systematic investigation should be initiated in conjunction with national reference laboratories or
WHO regional/international networks.

Currently, Israel lacks a national strategy for AMR NG monitoring, in contrast to established
programs such as WHO's GASP, EuroGASP, GASP-Canada, US GISP [50,60,61], AGSP, or UK
GRASP. The implementation of an annual GASP/GISP-like program could be vital for overseeing
Israel's national STI landscape and for the timely detection of NG superbugs.

5. Study Limitations
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The study has several limitations, including the fact that the isolates mainly came from men, and
there were only fewer isolates from women. The study does not cover the whole country. We are not
sure that all isolates were received from IHO. Another limitation is impossibility to connect behav-
ioral and laboratory components, so the results cannot be attributed to sexual behaviors.

The study is limited by the fact that molecular diagnostic tests are becoming more common than
microbiological cultures, resulting in fewer NG isolates. Furthermore, only portion of the isolates
were analyzed by NG-MAST. Despite these limitations, the study provides valuable information on
the antimicrobial resistance patterns and genetic diversity of gonorrhea in Israel.
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