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Background: Emerging antimicrobial resistance (AMR)
challenges gonorrhoea treatment and requires sur-
veillance. Aim: This observational study describes the
genetic diversity of Neisseria gonorrhoeae isolates
in Germany from 2014 to 2017 and identifies N. gon-
orrhoeae multi-antigen sequence typing (NG-MAST)
genogroups associated with AMR or some patient
demographics. Methods: 1,220 gonococcal isolates
underwent AMR testing and NG-MAST. Associations
between genogroups and AMR or sex/age of patients
were statistically assessed. Results: Patients’ median
age was 32years (interquartile range:25-44); 1,078
isolates (88.4%) originated from men. In total, 432
NG-MASTsequencetypesincluding 156 novelones were
identified, resulting in 17 major genogroups covering
59.1% (721/1,220) of all isolates. Genogroups G1407
and G1o557 (G7072) were significantly associated with
decreased susceptibility to cefixime (Kruskal-Wallis
chi-squared:549.3442, df:16, p<o0.001). Their preva-
lences appeared to decline during the study period
from 14.2% (15/106) to 6.2% (30/481) and from 6.6%
(7/106) to 3.1% (15/481) respectively. Meanwhile, sev-
eral cefixime susceptible genogroups’ prevalence
seemed to increase. Proportions of isolates from
men differed among genogroups (Fisher’s exact test,
p<o0.001), being e.g. lower for G25 (G51) and G387,
and higher for G5441 and G2992. Some genogroups
differed relative to each other in affected patients’
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median age (Kruskal-Wallis chi-squared: 47.5358,
df: 16, p<o0.001), with e.g. G25 (G51) and G387 more
frequent among <3o0year olds and G359 and G17420
among =24oyear olds. Conclusion: AMR monitoring
with molecular typing is important. Dual therapy (cef-
triaxone plus azithromycin) recommended in 2014 in
Germany, or only the ceftriaxone dose of this therapy,
might have contributed to cefixime-resistant geno-
groups decreasing.

Introduction

Gonorrhoea is a sexually transmitted infection (STI)
caused by the Gram-negative bacterium Neisseria gon-
orrhoeae. Estimations of numbers of persons with gon-
orrhoea worldwide by the World Health Organization
(WHO) resulted in 86.9 million cases among adults aged
15 to 49years in 2016 [1], making N. gonorrhoeae the
third most common non-viral STI. In the European
Union/European Economic Area (EU/EEA), the number
of reported gonorrhoea cases has increased by»>200%
since 2008. The highest incidence of cases is among
young adults (15—24years of age). During the 2013
to 2018 period, men who have sex with men (MSM)
accounted for ca 25-30% of all cases in the EU/EEA;
however, between 2009 and 2018, clear increases were
also recorded among heterosexual men, men without
sexual orientation reported, and women [2].



FIGURE 1

Neighbour-joining tree based on concatenated Neisseria gonorrhoeae porB and tbpB sequences® derived from patients’
isolates, Germany, 2014-2017 (n=1,220 isolates)
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2 The neighbour-joining tree is based on Tamura—Nei distances in a multiple sequence alignment of concatenated porB and tbpB sequences.

The phylogenetic tree is overlaid with the assigned NG-MAST genogroups and the MICs of cefixime, ceftriaxone and azithromycin (all colour-

coded). Tree scale shows substitutions per site.
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If left untreated, N. gonorrhoeae infections can cause
severe reproductive tract complications and develop
into disseminated infections [3-5]. Unfortunately,
rapid development and spread of gonococcal antimi-
crobial resistance (AMR) limit options to control and
treat the infection. Accordingly, the WHO lists N. gon-
orrhoeae as a high priority pathogen posing threat
to human health due to development of AMR [6] and
measures to strengthen AMR surveillance are recom-
mended [7,8]. Particularly alarming is the emergence of
strains clinically resistant to last-line antibiotics, such
as extended-spectrum cephalosporins (ESCs; cefixime
and ceftriaxone) and azithromycin, leading gonorrhoea
to become a global public health concern [3,7,8].

In 2014, following the rise of cefixime resistance,
the German STI Society (Deutsche STI-Gesellschaft,
DSTIG) revised the national treatment guidelines from
a first-line recommendation of cefixime monotherapy
to a dual therapy including ceftriaxone and azithro-
mycin. However, cefixime remains used, ideally after
AMR testing, for example if parenteral administration
of ceftriaxone is not available or refused [9]. In 2019,
German treatment guidelines were adjusted towards
a more individualised recommendation taking into
account the patient’s compliance, the site of infec-
tion and/or the AMR profile of the isolated bacteria,
so monotherapy with a high dose (1g) of ceftriaxone is
also recommended in specific circumstances [10].

Since 2017, cases of infections with multidrug- and
extensively drug-resistant N. gonorrhoeae have been
reported from several countries worldwide, including in
the EU [11-14]. It is likely that those cases represent only
a minor fraction of the real number of patients infected
by these resistant gonococcal strains. In light of this
AMR development, the WHO and the European Centre
for Disease Prevention and Control (ECDC) emphasise
the need to strengthen national surveillance systems
for N. gonorrhoeae [7,8,15,16].

Currently, available data on AMR and epidemiology of N.
gonorrhoeae in Germany are limited. Gonorrhoea has
only been mandatorily reportable in the country since
the beginning of 2020 and, so far, N. gonorrhoeae AMR
data have been generated in cross-sectional studies
performed in individual regions [17-20] and from
the European Gonococcal Antimicrobial Surveillance
Programme (Euro-GASP), where a total number of
1,193 isolates with information on AMR were submit-
ted by the German Reference Laboratory for Gonococci
between 2009 and 2018 [21]. Of these isolates, 11
(0.9%) showed resistance against ceftriaxone and 57
(4.8%) were resistant to cefixime. Resistance against
azithromycin was detected in 58 isolates (4.9%).

To reinforce surveillance of AMR at a national level, the
Gonococcal Resistance Network (GORENET), coordi-
nated by the Robert Koch Institute (RKI) in cooperation
with the German Reference Laboratory for Gonococci,
was set up in 2013 (with data collection starting in
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2014) in Germany [9,22]. Participation in the network
was voluntary, with no financial compensation for
involved laboratories. To obtain a better geographical
coverage of the data, GORENET aimed to recruit labo-
ratories from all regions of the country. To this effect,
a mapping of all laboratories testing for N. gonor-
rhoeae in Germany was first performed by RKI. From
laboratories in different regions, expressing interest in
providing N. gonorrhoeae isolates with linked minimal
patient data, private and hospital laboratories with a
wider catchment area and a higher number of N. gonor-
rhoeae tests were prioritised for inclusion in GORENET.
Within GORENET, molecular typing of gonococcal
isolates using N. gonorrhoeae multi-antigen sequence
typing (NG-MAST) is performed [23]. In conjunction
with data from AMR testing, this allows to character-
ise the gonococcal population in Germany, identify
strains linked to AMR and describe associations with
minimal epidemiological characteristics (sex and age)
of patients.

In 2018, a report on AMR of N. gonorrhoeae in Germany
was published on the basis of isolates collected within
GORENET between 2014 and 2015 [9]. The report also
described that GORENET had reached a relatively
even geographical representation of all regions with
a slightly reduced coverage of central and southern
Germany. In this study involving a total of 537 isolates,
nine (1.7%) isolates were resistant to cefixime and 58
(10.8%) showed resistance against azithromycin [9].
Among all isolates collected, none with resistance
against ceftriaxone were identified [9].

In the current study, we describe gonococcal isolates
(n=1,220) collected from 2014 to 2017 in the frame of
GORENET. Results from molecular typing (NG-MAST)
are analysed in combination with phenotypic and mini-
mal epidemiological data. This allows us to further
describe the diversity of the gonococcal population in
Germany and to identify N. gonorrhoeae strains and
NG-MAST genogroups associated with AMR or sex or
age of patients.

Methods

Isolate and data collection

Between January 2014 and December 2017, N. gon-
orrhoeae isolates from patient samples and patient-
related data were collected by GORENET laboratories
and submitted to the German Reference Laboratory for
Gonococci. Laboratories voluntarily participating in the
GORENET were selected as previously described [9].
Submitted data included sample identification number,
date of sampling, as well as sex and year of birth of the
patient. In case of an unknown date of sampling, the
date of sample receipt at the reference laboratory was
used for further analyses. Finally, plausibility checks
were performed on all reported data. These included
checking for duplicates and data discrepancies by
cross-tabulating variables with the same information
from all different data sources (data directly reported



FIGURE 2

Minimum inhibitory concentrations of (A) cefixime, (B) ceftriaxone and (C) azithromycin, by assigned Neisseria

gonorrhoeae multi-antigen sequence typing genogroups
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EUCAST: European Committee on Antimicrobial Susceptibility Testing; MIC: minimum inhibitory concentration.

MICs are shown as geometric means with 95% confidence intervals plotted against genogroups. Letters indicate compact lettering translation
of the Dunn test. Genogroups sharing a letter are not significantly different. EUCAST clinical resistance breakpoints are MIC >0.125mg/L

(cefixime, ceftriaxone) and MIC 0.5 mg/L (azithromycin).
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from GORENET laboratories, data from central retest-
ing at the German Reference Laboratory for Gonococci
and data from paper laboratory sheets accompany-
ing submitted isolates). In cases in which data were
inconclusive (e.g. incorrect year of birth) data were
cross-checked with the paper laboratory sheets and
corrected on basis of these sheets.

Antimicrobial susceptibility testing

All isolates submitted to the reference laboratory
for AMR testing were initially cultured by the par-
ticipating GORENET cooperation laboratories. At the
reference laboratory, all isolates were cultured on
non-selective agar medium and identification of M.
gonorrhoeae was performed by detection of oxidase-
positive, Gram-negative diplococci with typical colony
morphology and using Phadebact Monoclonal GC test
(MKL Diagnostics AB, Sollentuna, Sweden). To verify
inconclusive results, API-NH (bioMérieux SA, Marcy
I’Etoile, France) was performed. After species identi-
fication, minimum inhibitory concentrations (MICs) of
azithromycin, benzylpenicillin, cefixime, ceftriaxone
and ciprofloxacin were determined by Etest (bioMé-
rieux SA, Marcy |’Etoile, France) according to the manu-
facturer’s instructions [9]. To be consistent with AMR
data published for other countries in a similar sampling
period, results were interpreted according to the clini-
cal breakpoints valid at the end of the sampling period
stated by the European Committee on Antimicrobial
Susceptibility Testing (EUCAST) [24].

Molecular epidemiological typing

For molecular epidemiological typing, NG-MAST was
performed [23]. In the start-up years 2014 and 2015, a
subset of isolates submitted to the German Reference
Laboratory for Gonococci was chosen for NG-MAST at
the RKI on the basis of regional information of submit-
ting physicians or laboratories. By this, we aimed to
reach wide geographical representation of isolates in
Germany, however, without being proportional to the
number of isolates submitted from each region. In 2016
and 2017, extended genotyping capacities allowed us
to subject all submitted isolates to NG-MAST. DNA
extractions of N. gonorrhoeae isolates were performed
as previously described [23]. Internal fragments
of porB and tbpB were PCR amplified and sequenced
using the previously published primers por forward, po
r reverse, tbpB forward, and tbpB reverse and protocol,
with minor modifications (http://www.ng-mast.net/
misc/info2.asp). Sequencing of both DNA strands was
performed to improve accuracy.

Assignment of NG-MAST sequence types and
genogroups

NG-MAST sequence types (STs) were assigned using
the global NG-MAST database (http://www.ng-mast.
net). Forthe most frequently observed STs (represented
by 10 isolates or more), NG-MAST genogroups were
assigned as previously reported [15,16]. Genogroups
were named using the letter G followed by the num-
ber of the predominant ST within each group. As the
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predominant ST in a given genogroup can vary based
on the analysed sample set, genogroup names might
be different in comparable studies. To account for this,
we added previously published genogroup names in
brackets, e.g. G1o557 (G7o72).

Multiple sequence alignment and phylogenetic
analysis

Toallowforthevisualisation of N. gonorrhoeae sequence
diversity, we first analysed concatenated sequences
of NG-MAST trimmed porB and tbpB sequences. The
concatenated porB and tbpB sequence from N. men-
ingitidis strain MC58 (GenBank accession number:
NC_o03112) was included as outgroup. Sequences
were aligned with multiple sequence comparison by
log-expectation (MUSCLE) [25] and the resulting align-
ment (1,221 sequences and 1,091 positions) was used
to build a phylogenetic tree based on Tamura—Nei dis-
tances using the neighbour-joining (NJ) method [26]
as implemented in Geneious v11.1.5 [27]. The resulting
dendrogram was annotated using the online platform
iTOL [28]. Colour gradients for the visualisation of MICs
were set to white for omg/L and to blue for the EUCAST
clinical breakpoint for resistance [24].

While this first tree allowed for an immediate and
natural display of the assigned STs and genogroups,
it was not amenable to rigorous evolutionary investi-
gations of AMR emergence in N. gonorrhoeae. Using
the same alignment of concatenated sequences, we
therefore ran complementary analyses using a combi-
nation of explicit modelling of phenotype distribution
change across maximum likelihood (ML) phylogenetic
trees. For a detailed description of these analyses
see Supplementary Methods Sai.

Statistical analyses

For categorical variables, absolute and relative fre-
quencies were determined. For continuous variables
(age), median and interquartile range (IQR) were calcu-
lated. For graphical representation of MICs, geometric
means and 95% confidence intervals were determined.
For continuous or ordered variables (age and MICs
for cefixime, ceftriaxone and azithromycin), we ran a
Kruskal-Wallis rank sum test to compare genogroup
mean ranks and a post-hoc Dunn test with Benjamini—
Hochberg correction for multiple testing to assess
individual genogroup pairwise comparisons with the
R packages dunn.test. To improve the readability of
the results of these multiple comparisons, the pvalue
table was converted to compact letter display using the
R package rcompanion. As an output, genogroups are
separated by letters. Genogroups sharing a letter are
not significantly different.

To investigate whether sex and genogroup were inde-
pendent, we first tabulated a contingency table using
the R package MASS. Since the contingency table com-
prised cells with small or zero values, we then applied
a Fisher’s exact test, computing pvalues by Monte



FIGURE 3

(A) Annual proportion of isolates within assigned NG-MAST genogroups and (B) the absolute change of proportions in the

study period, Germany, 2014-2017
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Carlo simulations (using 10,000 replicates) with the R
package stats.

For all tests, the statistical significance threshold was
set a priori to 0.05. We ran all analyses using R version
3.6.0 (26 April 2019) [29].

Ethical statement

The protocol of data collection was verified by the data
protection officer at the RKI. No additional approval
from an ethics committee was considered to be neces-
sary as the study complies with the national guidelines
according to the German Data Protection Act and no
patient-identifying data were collected.

Results

Neisseria gonorrhoeae isolates and gonorrhoea
patients

In total, 1,220 isolates underwent NG-MAST (106
from 2014, 122 from 2015, 511 from 2016, and 481
from 2017). Of these 1,220 isolates, 88.4% (n=1,078)
were obtained from men, 11.2% (n=137) from women,
and 0.4% (n=s5) from patients not reporting sex. The
median age was 32years (IQR:25-44) overall, 33years
(IQR:26-44) for men and 28years (IQR:23-—41) for
women.

Frequency of NG-MAST sequence types

A total of 432 different STs including 156 novel STs
were identified, comprising 342 different porB alleles
and 99 different tbpB alleles. Of all detected unique
STs, 148 were shared by=2 isolates, covering 76.6%
(n=935) of all 1,220 typed isolates. The STs with a
prevalence of=1% were ST2992 (4.5%; n=55), ST5441
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(3.9%; n=47), ST5624 (3.2%; n=39), ST25 (3.0%;
n=37), ST387 (2.5%; n=30), ST1407 (2.4%; n=29),
ST2400 (2.4%; n=29), ST359 (2.3%; n=28), ST9184
(2.3%; n=28), ST10557 (2.3%; n=28), ST11461 (2.3%;
n=28), ST13489 (1.4%; n=17), ST9208 (1.3%; n=16),
ST13878 (1.2%; n=15), ST5793 (1.1%; n=14), ST2318
(1.1%; n=13), ST17420 (1.1%; n=13), and ST225 (1.1%;
n=13) (Figure S1A, Table S1).

Frequency of NG-MAST genogroups

Overall, 722 isolates were grouped into 17 genogroups,
covering 59.2% of all 1,220 typed isolates. Of these,
genogroup G1405 was the only genogroup consisting
of only one ST (ST1405). The prevalence of determined
genogroups was as follows: G2400 (6.8%; n=83),
G1407 (6.7%; n=82), G5441 (6.2%; n=76), G25 (G51)
(5.6%; n=68), G2992 (5.5%; n=67), G1o557 (G7072)
(5.3%; n=65), G11461 (3.6%; n=44), G5624 (3.4%;
n=41), G387 (3.3%; n=40), G359 (2.5%; n=31), G17420
(2.1%; n=26), G2318 (1.7%; n=21), G4186 (G9909)
(1.6%; n=19), G9208 (1.4%; n=17), G5793 (1.2%;
n=15), G225 (1.1%; n=14), and G1405 (1.0%; n=12)
(Figure S1B, Table S2).

NG-MAST genogroups and sex and age of
corresponding gonorrhoea patients

Age and sex were reported for 99.8% (1,217/1,220) and
99.6% (1,215/1,220) of all isolates, respectively. First,
we compared the overall proportion of males (88.4%;
n=1,078) in the years observed with the proportion of
males infected with N. gonorrhoeae of a given geno-
group (Figure S2A). Here, we detected clear differences
between groups of patients infected with N. gonor-
rhoeae of different genogroups (Fisher’s exact test,
pvalue<o.001). For example, genogroups G25 (G51),
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G387, G17420, G225, and G1405 showed lower propor-
tion of males with 48 men (total n=68), 31 men (total
n=40), 20 men (total n=26), 11 men (total n=14), and
nine men (total n=12), respectively (Figure S2A). In
contrast, other genogroups had higher proportion of
males, such as G5441 (75/76), G2992 (64/67), G11461
(43/44), G5624 (38/41), G9208 (17/17), and G5793
(15/15) (Figure S2A).

Next, we compared the overall median age (32years;
IQR: 25-44) with the median age of patients infected
with N. gonorrhoeae of different genogroups (Figure
S2B). Here, we also detected clear differences between
genogroups  (Kruskal-Wallis  chi-squared: 47.5358,
df: 16, pvalue<o.001), with some preferentially cir-
culating among people aged 3oyears or younger,
for example G25 (Gs51) (28years, IQR:23-36, n=68)
and G387 (27years, IQR:23-43, n=40) (Figure S2B).
Other genogroups were predominantly found in peo-
ple aged 4ovyears or older, for example G359 (45years,
IQR:31-54, n=31) and Gi7420 (50years, IQR:31-57,
n=26) (Figure S2B).

NG-MAST genogroups and antimicrobial
resistance associations

To visualise associations of AMR with certain geno-
groups, an NJ phylogenetic tree derived from
corrected distances in an alignment of concate-
nated porB and tbpB sequences was first overlaid with
colour-coded MIC values obtained from AMR testing
for the therapeutically relevant antibiotics cefixime,
ceftriaxone and azithromycin (Figure 1). This identi-
fied genogroups Gios57 (G7o72) and G1407 as sig-
nificantly associated with a decreased susceptibility
to cefixime (Kruskal-Wallis chi-squared: 549.3442,
df: 16, pvalue<o.001) (Figure 1, Figure 2A). Genogroup
G10557 (G7o72) accounted for nine of all 13 cefixime-
resistant isolates collected (Figure S3, Table S3).
Geometric means of MIC values for Gios57 (G7o72)
and Gi1407 were 0.096 mg/L and 0.048 mg/L, respec-
tively (Figure 2A). For Gios57 (G7o072), this is close
to the EUCAST clinical breakpoint for cefixime resist-
ance (MIC»>o.125mg/L) [24]. For ceftriaxone, no sig-
nificant associations could be detected; however,
moderately elevated mean MIC values were seen for
G2400, G1407 and Gioss7 (Gyo72) (Figure 1) ranging
from 0.015 to 0.022 mg/L (Figure 2B). For azithromycin,
all genogroups except for G2s (G51) and G387 showed
only slightly elevated mean MIC values from o0.102 to
0.333mg/L (Figure 2C).

We assessed the statistical robustness of these
observations using a combination of explicit mod-
elling of phenotype distribution change across ML
phylogenetic trees reconstructed independently
for porB and tbpB (only for azithromycin and cefix-
ime) and univariate statistical tests (for azithromycin,
cefixime and ceftriaxone). Bayes factor comparison
of models involving changes and null models assum-
ing homogenous phenotype distribution across N.
gonorrhoeae phylogenetic trees clearly favoured a
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heterogeneous phenotype distribution, with ca one
change inferred for cefixime and five for azithromycin
(Table S4).

In line with this, univariate analyses supported sig-
nificantly different mean MIC ranks across geno-
groups for cefixime, ceftriaxone and azithromycin
(cefixime:  Kruskal-Wallis  chi-squared: 549.3442,
df: 16, pvalue<o.oo1; ceftriaxone: Kruskal-Wallis
chi-squared: 527.0183, df: 16, pvalue<o.001; azithro-
mycin: Kruskal-Wallis chi-squared: 428.5228, df: 16,
pvalue<o.001). Dunn tests confirmed the statistical
significance of all genogroup-specific phenotype asso-
ciations discussed above (Figure 2).

Genogroups associated with decreased susceptibil-
ity to benzylpenicillin and ciprofloxacin are shown
in Figure S4A and B, respectively.

Taken together, these observations demonstrate that
specific genogroups and evolutionary lineages are
associated with elevated MIC values and highlight
the potential of molecular epidemiological typing to
identify these genogroups from the background of iso-
lates generally tested for AMR. Moreover, our analysis
revealed Gio557 (G7072) as a genogroup significantly
associated with decreased susceptibility to cefixime.

NG-MAST genogroups and changes in
prevalence

To describe the relative stability of the gonococ-
cal population in Germany, we calculated the preva-
lence of individual genogroups circulating each year
to check for any apparent changes over the 2014 to
2017 period. The three genogroups which seemed to
most prominently decrease in prevalence from 2014
to 2017 were Gi4o07 (from 14.2% (15/106) to 6.2%
(30/481)), G1o557 (G7o72) (from 6.6% (7/106) to 3.1%
(15/481)) and G387 (from 4.7% (5/106) to 1.2% (6/481))
(Figure 3A, B). Interestingly, two of these genogroups
with decreasing prevalence were associated with ele-
vated MIC values for cefixime and ceftriaxone (G1407,
G1o557 (G7072); Figure 1). Genogroups with an appar-
ent increase in prevalence from 2014 to 2017 included
G11461 (from 0.0% (0/106) to 5.6% (27/481)), G17420
(from 0.0% (0/106) t0 5.0% (24/481)) and Gs5441 (from
0.9% (1/106) to 4.8% (23/481)), all of which had low
MIC values for cefixime, ceftriaxone and azithromycin
(Figure 2, 3).

Discussion

This is the first study to genetically describe the popu-
lation of N. gonorrhoeae strains detected in Germany
over a 4-year period of time, linking STs with AMR
profiles and epidemiological data on age and sex. It
provides evidence of a genetically diverse and dynamic
gonococcal population in the country and shows an
association between genogroup Gios57 (G7o72) and
decreased susceptibility to cefixime, which had not
been prior reported.



GORENET monitors antimicrobial susceptibility of N.
gonorrhoeae in Germany and reported high rates of
resistance against azithromycin, benzylpenicillin and
ciprofloxacin in vitro between 2014 and 2015, while
more than 98% of all strains remained susceptible to
ceftriaxone and cefixime [9]. GORENET has reached
a relatively even geographical representation for
Germany; however, due to the lack of data on total
numbers of N. gonorrhoeae AMR tests being performed
in different regions of Germany, we were unable to
adjust this representation proportional to the number
of isolates submitted from each region. To identify
subpopulations linked to AMR, isolates collected in
the framework of GORENET additionally underwent
NG-MAST and were assigned to genogroups consisting
of genetically related STs. This analysis revealed that
both G2400 and the multidrug resistance associated
G1407 [15,16], were the most prevalent genogroups in
Germany between 2014 and 2017. High proportions of
these genogroups have also been detected in many
other EU/EEA countries including Belgium, Hungary,
Norway, Portugal, Slovenia, Spain and Switzerland,
which might indicate putative transmissions [15,16,30].
Moreover, our study describes the gonococcal popula-
tion in Germany as genetically diverse, which is in line
with observations made worldwide [15,16,31,32].

Some genogroups have been associated with sex and
distinct sexual networks. As we have considerably less
data on women, and we do not have data on sexual
orientation available, we cannot conclude about poten-
tial important ways of transmission on national and
international level. Nevertheless, we observed lower
proportions of males for G25 (G51) and G387 indicating
that these strains might be more strongly associated
with heterosexual contacts, whereas G5441 and G2992
were primarily isolated from men suggesting that these
genogroups might predominantly circulate in networks
of MSM. Previous European surveys linking genogroups
with data on sexual orientation support the possible
association of G25 (G51) and G387 with heterosexual
individuals, while G2992 is described to be mainly pre-
sent among MSM [15,16,33]. For G1407, an association
with MSM in Europe was observed in 2009 and 2010,
which then shifted to a stronger association with het-
erosexuals in 2013 [15,16,34]. Our data from 2014 to
2017 in Germany did not show a very high proportion
of males carrying G1407 isolates, which potentially fur-
ther supports the change in the epidemiological prop-
erties of this genogroup towards a more pronounced
distribution via heterosexual contacts [15].

Another epidemiological feature associated with geno-
groups is the patient’s age. For G25 (G51) and G387,
we observed median ages below 3o0years, whereas
G359 and G17420 were mainly detected in people aged
4ovyears or older. Again, this observation is supported
by previously published data [16].

In general, the overall median age of 32years in our
study is comparable to other surveys [15,16,31]. The

proportion of gonococcal isolates from female patients
in our study was approximately 11% which is similar to
other reports [15,16,31] and likely indicates a sampling
bias towards isolates from men and a larger spread
among MSM. This bias and the small sample size for
some genogroups affect the interpretation and thus,
all described associations should be interpreted with
caution.

Until 2019, national guidelines in Germany recom-
mended treatment of N. gonorrhoeae infections by
dual therapy combining an ESC (ceftriaxone or cefix-
ime) with azithromycin [9]. Here, we detected associa-
tions of G1407 and G1os57 (G7o72) with elevated MICs
for cefixime, threatening therapy options with cefixime
and other oral ESCs. Occasionally, occurrence of STs
contributing to this genogroup have been reported,
such as ST7o72 in Spain, Norway and Germany [35-37],
STio557 in Slovakia [37], and ST13876 in Canada [38],
with in some cases, detection of reduced susceptibil-
ity to cefixime in ST7o72 [35,36]. To our knowledge,
this is the first study to link genogroup G1o557 (G7072)
with decreased susceptibility to cefixime. Interestingly,
G10557 (G7o72) accounted for nine of all 13 reported
cefixime resistant isolates in the present study, sug-
gesting that Gios57 (G7o72) is the predominant
genogroup causing infections with cefixime-resistant
isolates in Germany.

The prevalence of the multidrug-resistant genogroup
G1407 and cefixime-resistant genogroup G10557
(G7o72) declined during the observation period and
seemed to be replaced by new genogroups that
showed a higher susceptibility to ESCs. Yet, these con-
clusions might be influenced by different sample sizes
in 2014—2015 compared with 2016-2017. A decline in
G1407 prevalence between 2009 and 2013 has also
been reported in Europe [15]. Reasons for this reduction
might include the introduction of a dual therapy com-
bining ceftriaxone and azithromycin, increased test-
ing for N. gonorrhoeae especially in extra-urogenital
sites and possibly a reduced fitness of these resistant
strains compared with other gonococcal strains [39-
41]. In contrast, genogroups showing the most promi-
nent increase from 2014 to 2017 (G5441, G11461 and
G17420) seem to be fully susceptible to both cefixime
and ceftriaxone, emphasising the complex popula-
tion dynamics of N. gonorrhoeae in Germany. This
underlines the importance of monitoring AMR in
combination with molecular epidemiological typing,
nationally and internationally.
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