
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Neisseria gonorrhoeae: testing, typing and treatment in an era of increased
antimicrobial resistance

Wind, C.M.

Publication date
2017
Document Version
Other version
License
Other

Link to publication

Citation for published version (APA):
Wind, C. M. (2017). Neisseria gonorrhoeae: testing, typing and treatment in an era of
increased antimicrobial resistance. [Thesis, externally prepared, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/neisseria-gonorrhoeae-testing-typing-and-treatment-in-an-era-of-increased-antimicrobial-resistance(c75b72d3-3cab-41ad-b0b2-bb4e2e394140).html


CHAPTER 8

Molecular epidemiology in 
relation to azithromycin resistance 

in Neisseria gonorrhoeae isolates from 
Amsterdam, the Netherlands, 

between 2008 and 2015 – 
a case-control study

Carolien M Wind, Sylvia M Bruisten, Maarten F Schim van der Loef f, 
Mirjam Dierdorp, Henry JC de Vries, Alje P van Dam

Submitted for publication

41713 Wind, Carolien.indd   137 12-01-17   09:26



Chapter 8

138

ABSTRACT

Neisseria gonorrhoeae resistance to cef triaxone and azithromycin increases, 
which threatens the recommended dual therapy based on these 
antimicrobials. We used molecular epidemiology to identify N. gonorrhoeae 
clusters, and associations with azithromycin resistance in Amsterdam, the 
Netherlands. N. gonorrhoeae isolates were selected from patients visiting the 
Amsterdam Sexually Transmitted Infections Clinic, from January 2008 through 
September 2015. We included all azithromycin resistant isolates (minimum 
inhibitory concentration [MIC] ≥2.0 mg/L), and frequency matched susceptible 
controls (MIC ≤0.25 mg/L). All isolates were tested using 23S rRNA sequencing, 
N. gonorrhoeae multiantigen sequence typing (NG-MAST), and multilocus 
variable-number of tandem repeat analysis (NG-MLVA). A hierarchical cluster 
analysis of NG-MLVA related to resistance and epidemiological characteristics 
was performed. We analysed 143 isolates (69 resistant and 74 susceptible); 81% 
was from men who have sex with men (MSM). Azithromycin resistant isolates 
had significantly more of ten C2611T mutations of 23S rRNA (n = 62; 89.9%; P 
<0.001), an NG-MAST genogroup G2992 (P <0.001), G5108 (P <0.001), or G359 
(P = 0.02), and were more of ten part of NG-MLVA clusters (P <0.001). Two 
resistant isolates (2.9%) had A2059G mutations, and five (7.3%) were wild-
type 23SrRNA. Four of the five NG-MLVA clusters contained resistant and 
susceptible isolates, and isolates from HIV-positive and HIV-negative patients. 
Two clusters consisting mainly of resistant isolates, included strains from MSM, 
heterosexual males and females. Co-occurrence of resistant and susceptible 
strains in NG-MLVA clusters and frequent occurrence of resistant strains outside 
of clusters suggests that azithromycin resistance develops independently from 
the ‘background genome’.
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INTRODUCTION

With an estimated 78 million infections annually, gonorrhoea is the second most 
common bacterial sexually transmitted infection (STI) worldwide.1 Its causative agent, 
Neisseria gonorrhoeae, has a remarkable capacity to rapidly develop antimicrobial 
resistance to many dif ferent types of antibiotic drugs, when these are used widely 
as fi rst-line treatment option.2 Resistance to either cef triaxone or azithromycin 
(the internationally recommended combination therapy) is increasing, and the fi rst 
treatment failure of dual therapy due to resistance to both drugs has been reported.3-7 
Moreover, an outbreak of high-level azithromycin resistance has been observed in the 
United Kingdom despite the use of dual therapy.8 In the Netherlands, we reported a 
decrease in azithromycin susceptibility in recent years.9 

Genetic analyses have shown a strong association between azithromycin resistance 
and specifi c mutations in the 23S rRNA genes. These mutations prevent ef fective 
binding of azithromycin, and thereby block its inhibitory ef fect on protein synthesis.10-12 
Moderate resistance has been linked to C2611T mutations (Escherichia coli numbering), 
while high-level resistance has been linked to A2059G mutations.11,13,14 In addition, out 
of the four 23S rRNA alleles in the N. gonorrhoeae genome, a higher cumulative number 
of mutated alleles is associated with a higher minimum inhibitory concentration 
(MIC). Af ter introduction of a mutation in one allele, transformation of other alleles 
may occur, which induces high-level resistance.10,11 

In addition to testing for specifi c antimicrobial resistance related mutations, isolates 
can also be genetically typed at highly polymorphic regions and subsequently be 
clustered according to their molecular sequence type.13,15,16 Clusters can then be linked 
to epidemiological data, which helps to identify possible risk groups for antimicrobial 
resistance. 

In this study we aimed to evaluate the molecular epidemiology of azithromycin 
resistance among N. gonorrhoeae isolates in patients who visited the Amsterdam STI 
clinic.
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MATERIALS AND METHODS

Selection of isolates 
Positive N. gonorrhoeae cultures with an available azithromycin MIC were selected from 
patients who visited the STI Outpatient Clinic of Amsterdam, the Netherlands, between 
January 2008 and September 2015. Depending on sexual techniques, patients could be 
infected at up to four anatomical sites per consultation. To prevent including the same 
isolate twice, we included only one isolate (the one with the highest azithromycin MIC) 
per consultation. If MICs were equal for dif ferent anatomical sites, we aimed to include 
a balanced distribution of anatomical sites, and selected one site using the following 
order of priority, based on prevalence: 1) pharynx, 2) cervix or vagina, 3) rectum, 4) 
urethra. We allowed for multiple inclusions per patient, as long as consultations were 
more than 6 months apart. 

Selection of cases and controls 
We categorized isolates into azithromycin susceptible (MIC ≤0.25 mg/L), intermediate 
(MIC >0.25 and ≤1.5 mg/L), or resistant (MIC ≥2 mg/L).17,18 Resistant isolates were 
included as cases, and susceptible isolates were considered as controls. Intermediate 
isolates were excluded, because azithromycin MICs around 1 mg/L can fluctuate and 
are sometimes dif ficult to reproduce.13 As both risk behaviour and year of infection are 
associated with resistance, we selected controls using 1:1 random frequency matching 
on calendar year of infection and sexual risk group (heterosexual males, men who have 
sex with men [MSM], or females).9,19-21 Clinical and epidemiological data were collected 
from the electronic patient files. Due to the use of routinely collected samples and 
data, and anonymous analysis of this retrospective study, ethical clearance or informed 
consent was not required.

Antimicrobial susceptibility testing 
Until May 2014, direct N. gonorrhoeae cultures were routinely obtained if patients 
reported symptoms suggestive of an STI, or reported any of the following: being 
MSM, being a commercial sex worker, or being notified of an STI by a sex partner. For 
other patients a nucleic acid amplification test (NAAT) was performed, and cultures 
were only obtained if NAAT results were positive.9,15 From May 2014 onwards, NAAT 
was the routine diagnostic for all patients. Cultures were obtained from symptomatic 
patients with a positive Gram-stained smear, and from patients with a positive 
NAAT.9 Azithromycin MICs were routinely determined using Etests according to the 
manufacturer’s instructions (bioMérieux SA, Marcy-l’Étoile, France).22 
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Preparation of isolates for typing 
Included isolates were collected from -80°C storage, samples were added to 100 μl 
phosphate buf fered saline, heated at 95°C for 15 minutes to release DNA, and stored 
at -20°C. These samples were used for all polymerase chain reactions (PCRs) and 
sequence typing methods.

23S rRNA sequencing 
23S rRNA was amplifi ed using PCR, and sequenced using an ABI 3130 automated 
sequencer. Allele specifi c PCR was used as described by Ng et al.10 In a number of strains 
we directly sequenced the internal 712 bp fragment using PCR primers as reported by 
Ng et al., followed by sequencing.10 In cases of a double peak at positions 2058, 2059 
or 2611, allele specifi c PCR amplifi cation was performed to determine the number of 
alleles with the 23SrRNA mutation. This approach was validated in our laboratory, 
using strains with a known number of mutated genes determined by the allele specifi c 
PCR.10 Sequence data were analysed using BioNumerics (version 7.5; Applied Maths, 
Sint-Martens-Latem, Belgium).

N. gonorrhoeae multiantigen sequence typing (NG-MAST) 
NG-MAST uses variation in two genes: porB (490 bp) and tbpB (390 bp). These genes 
were amplifi ed using PCR and sequenced at the sequencing facility of the Academic 
Medical Center, Amsterdam.23,24 Sequence data were analysed using BioNumerics, 
and entered into the NG-MAST website (www.ng-mast.net) to assign allele numbers 
and sequence types.

N. gonorrhoeae multilocus variable-number tandem repeat analysis (NG-
MLVA) 
This typing technique has been previously described in detail.25,26 In short, the variable 
number of tandem repeats (VNTR) of fi ve dif ferent loci on the N. gonorrhoeae genome 
were amplifi ed using two multiplex PCRs. Fragment sizes were measured using an 
ABI 3130 automated sequence analyser. The number of repeats was analysed using 
GeneMarker (version 1.8; Sof tGenetics, State College, PA, USA). The combination of 
number of repeats for all fi ve loci determined the NG-MLVA sequence type. 

Statistical analysis 
Baseline characteristics were compared between cases and controls using X2, Fisher’s 
exact, or Kruskal–Wallis testing. Mean MICs were calculated as geometric means. 
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NG-MLVA cluster analysis was performed to create a minimum spanning tree using 
BioNumerics. Isolates were assigned to a cluster if they dif fered in no more than one 
VNTR locus, and if at least five isolates were included in the cluster. Using NG-MAST 
sequence types (STs), we assigned genogroups if one allele (por or tbpB) was identical, 
and the other allele dif fered ≤4 bp (tbpB) or ≤5 bp (por), as previously described.12,27,28 
Genogroups were named af ter the ST with the highest frequency within that 
genogroup. All analyses were performed using Stata (version 13; StataCorp, College 
Station, TX, USA).

RESULTS

From January 2008 through September 2015 gonorrhoea was diagnosed in 9,959 
consultations. Af ter selecting only consultations of the same patient that were at 
least 6 months apart and included positive cultures, and selecting only one isolate 
per consultation, 5,737 consultations (and thus 5,737 isolates) remained. Those with 
intermediate MICs (n = 1,212) were excluded. All 77 resistant isolates (MIC ≥2 mg/L) were 
included as cases. From the 4,448 susceptible isolates (MIC ≤0.25 mg/L) we randomly 
selected 77 controls, frequency matched to the 77 cases on calendar year of infection 
and sexual risk group. Af ter selection, three isolates proved to be lost during storage, 
and four could repeatedly not be typed: these seven isolates were excluded. This 
resulted in a collection of 147 isolates (from 144 patients), consisting of 73 cases and 74 
controls (Table 1). Three patients (all were controls and all were MSM) were included 
twice with separate consultations. 

Table 1. Baseline characteristics of 147 Neisseria gonorrhoeae isolates from patients attending the STI Outpatient 
Clinic Amsterdam, the Netherlands, from January 2008 through September 2015, by susceptibility to 
azithromycina

Characteristics Total
Resistant

(MIC ≥2 mg/L)
Susceptibleb

(MIC ≤0.25 mg/L) P
No. of isolates 147 73 74
Azithromycin MIC, 

geometric mean in mg/L (range)
0.85

(<0.016 to >256)
6.30

(2 to >256)
0.12

(<0.016–0.25)
Year of infection c

2008 14 (9.5) 7 (9.6) 7 (9.5)
2009 20 (13.6) 10 (13.7) 10 (13.5)
2010 33 (22.5) 16 (21.9) 17 (23.0)
2011 48 (32.7) 24 (32.9) 24 (32.4)
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Table 1. continued

Characteristics Total
Resistant

(MIC ≥2 mg/L)
Susceptibleb

(MIC ≤0.25 mg/L) P
2012 12 (8.2) 6 (8.2) 6 (8.1)
2013 6 (4.1) 3 (4.1) 3 (4.1)
2014 8 (5.4) 4 (5.5) 4 (5.4)
2015 6 (4.1) 3 (4.1) 3 (4.1)

Sexual risk group c

Heterosexual male 10 (6.8) 5 (6.9) 5 (6.8)
MSM 119 (81.0) 59 (80.8) 60 (81.1)
Female 18 (12.2) 9 (12.3) 9 (12.2)

Age, median (IQR) 33 (25–41) 35 (27–41) 31 (24–43) 0.37
Ethnicity 0.006

Dutch 88 (69.9) 41 (56.2) 47 (63.5)
Surinamese/Antillean 13 (8.8) 3 (4.1) 10 (13.5)
Other 39 (26.5) 22 (30.1) 17 (23.0)
Unknown 7 (4.8) 7 (9.6) 0 (0.0)

Commercial sex worker 8 (5.4) 5 (6.9) 3 (4.1) 0.49
Client of commercial sex worker 1 (0.7) 1 (1.4) 0 (0.0) 0.50
No. of sex partners previous 6 

months, median (IQR)
6 (3–15) 7 (3–15) 6 (4–15) 0.73

Anatomical site 0.70
Urethra 49 (33.3) 21 (28.8) 28 (33.7)
Rectum 75 (51.0) 40 (54.8) 35 (47.3)
Cervix 11 (7.5) 6 (8.2) 5 (6.7)
Pharynx 12 (8.2) 6 (8.2) 6 (8.1)

HIV status 1.00
Negative 93 (63.3) 46 (63.0) 47 (63.5)
Positive 45 (30.6) 22 (30.1) 23 (31.1)
Unknown 9 (6.1) 5 (6.7) 4 (5.4)

Syphilis (past or active) 0.73
No 113 (76.9) 57 (78.1) 56 (75.7)
Yes 34 (23.1) 16 (21.9) 18 (24.3)

Chlamydia trachomatis 0.14
Negative 111 (75.5) 59 (80.8) 52 (70.3)
Positive 36 (24.5) 14 (19.2) 22 (29.7)

LGV positive 3 (8.3) 1 (7.1) 2 (9.1) 1.00
a Data are presented as n (%) unless otherwise indicated.
b Three patients were included twice with a consultation and an isolate. 
c Frequency matched between resistant (cases) and susceptible (controls).
IQR, interquartile range; LGV, lymphogranuloma venereum; MIC, minimum inhibitory concentration; MSM, 
men who have sex with men; STI, sexually transmitted infection.
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Baseline characteristics and azithromycin susceptibility 
The geometric mean MIC was 6.30 mg/L (range, 2 to >256) for resistant, and 0.12 mg/L 
(range, <0.016 to 0.25) for susceptible isolates (Table 1). Of the 147 strains, most were 
collected in 2011 (n = 48; 32.7%), and in 2010 (n = 33; 22.5%). Patients were mainly MSM 
(n = 119; 81.0%), but 18 females (12.2%), and 10 heterosexual males (6.8%) were also 
included. The median age was 33 years (interquartile range [IOR], 25–41 years), and 
88 (69.9%) were of Dutch origin. Commercial sex work was reported by eight patients 
(5.4%). The median number of sex partners in the previous 6 months was 6.0 (IQR, 
3.0–15.0). Most isolates were rectal (n = 75; 51.0%), or urethral (n = 49; 33.3%), followed 
by 12 pharyngeal (8.2%), and 11 cervical (7.5%) isolates. Forty-five patients (30.6%) were 
human immunodeficiency virus (HIV)-positive, and HIV status was unknown for nine 
(6.1%). Coinfections were common: 34 (23.1%) had past or active syphilis, and 36 (25.5%) 
had Chlamydia trachomatis, of whom 3 (8.3%) had lymphogranuloma venereum (LGV).

23S rRNA typing 
We determined the presence of 23S rRNA mutations for all 147 included isolates. 
Nine resistant isolates had a wild-type 23S rRNA. Because of the strong link between 
azithromycin resistance and 23S rRNA mutations we retested MICs for these nine 
isolates. For five isolates the new MIC values were within one dilution of the reported 
MIC, and wild-type 23S rRNA was confirmed by repeated testing. One isolate could not 
be confirmed as N. gonorrhoeae and was post hoc excluded. For the remaining three of 
nine retested isolates, the new MIC value dif fered by more than one dilution from the 
reported MIC, and these were also post hoc excluded. Af ter excluding the four isolates, 
we included 143 isolates for typing and cluster analysis.

Of the 143 included isolates (69 resistant and 74 susceptible), 78 (54.6%) were wild-
type, 62 (43.4%) had C2611T mutations, two (1.4%) had a A2059G mutation (both were 
resistant), and one was undetermined (Table 2). Among the 69 resistant isolates, 62 
(89.9%) had a C2611T mutation, and five (7.2%) were wild-type (geometric mean MIC: 
2.6 mg/L, range: 2–8 mg/L). The association between resistance and C2611T mutations 
was highly significant (P <0.001). Among the 62 with C2611T mutations, one isolate 
(1.6%) had 2 mutated alleles, four had 3 mutated alleles (6.5%), and 57 had the mutation 
on all 4 alleles (91.9%; Figure 1A). 
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Table 2. Typing results of 143 Neisseria gonorrhoeae isolates at the STI Outpatient Clinic Amsterdam, the 
Netherlands, from January 2008 through September 2015, by susceptibility to azithromycina

Characteristic Total Resistant Susceptible P
Isolates, n (%) 143 69 (48.3) 74 (51.8)
23S rRNAb

Wild-type 78 (54.6) 5 (7.3) 73 (98.7) <0.001
C2611T mutation 62 (43.4) 62 (89.9) 0 (0.0) <0.001
A2059G mutation 2 (1.4) 2 (2.9) 0 (0.0) 0.2

MLVA
Isolates in cluster 65 (45.5) 45 (65.2) 20 (27.0) <0.001
Isolates not in clusters 78 (54.6) 24 (34.8) 54 (73.0)

NG-MAST genogroupsc

G2992 23 (16.1) 19 (27.5) 4 (5.4) <0.001
G5108 17 (11.9) 17 (24.6) 0 (0.0) <0.001
G2400 14 (9.8) 3 (4.4) 11 (14.9) 0.03
G1407 11 (7.7) 5 (7.3) 6 (8.1) 0.8
G359 9 (6.3) 8 (11.6) 1 (1.4) 0.02
Not in main genogroups 65 (46.8) 17 (24.6) 48 (68.6) <0.001

a Data are presented as n (%) unless otherwise indicated.
b One sample was undetermined. 
c Only the fi ve most common genogroups are mentioned separately, 4 isolates were undetermined. 
Genogroups were assigned to sequence types with at least one identical allele, and a dif ference of ≤4 bp (tbpB) 
or ≤5 bp (por) for the other allele.
MLVA, multilocus variable-number tandem repeat analysis; NG-MAST, N. gonorrhoeae multiantigen sequence 
typing; rRNA, ribosomal ribonucleic acid.

NG-MAST sequence typing 
When testing the 143 isolates for NG-MAST we noted 65 dif ferent STs, most of these 
were represented by one or two isolates (Supplementary Table 1). Four isolates could 
not be assigned an NG-MAST ST. When assigning STs into genogroups, we noted 
fi ve genogroups that consisted of more than fi ve isolates: G2992 (n = 23; 16.1%), G5108 
(n = 17; 11.9%), G2400 (n = 14; 9.8%), G1407 (n = 11; 7.7%), and G359 (n = 9; 6.3%; Table 
2). Resistant isolates were signifi cantly more of ten assigned to genogroups G2992 
(P <0.001), G5108 (P <0.001), and G359 (P = 0.02), compared to susceptible isolates. 
Genogroup G2400 was signifi cantly more common among susceptible than among 
resistant isolates (P = 0.03). Genogroup G1407 was equally common among resistant 
and susceptible isolates (P = 0.8). The remaining 65 strains belonged to uncommon 
genogroups (≤5 isolates each), and consisted mainly of susceptible isolates (n = 48; 
73.9%), but also of 17 resistant isolates (26.2%). 
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NG-MLVA typing and cluster analysis 
The hierarchical cluster analysis using NG-MLVA types showed five clusters, containing 
65 of the 143 isolates (45.5%; Table 2; Figure 1). Seventy-eight isolates (54.6%) were not 
part of a cluster. Azithromycin resistant isolates were significantly more of ten present 
in a cluster (n = 45; 65.2%), compared with susceptible isolates (n = 20; 27.0%; P <0.001). 
Clusters 1, 4 and 5 consisted mainly of resistant isolates with C2611T mutated 23S 
rRNA, whereas clusters 2 and 3 consisted mainly of susceptible isolates (Figure 1A). All 
clusters (except cluster 5) contained isolates from 2010–2011, whereas clusters 1 and 2 
contained also more recent isolates from 2014–2015 (Figure 1B). HIV-positivity varied 
within and outside of clusters (P = 0.1; Figure 1C). Age and anatomical site of infection 
were not associated with clusters either (data not shown). In addition, although the 
majority of patients were Dutch, most clusters contained a mixture of isolates from 
patients with diverse ethnic origin. Interestingly, of the 12 Surinamese or Antillean 
patients only one was in a cluster (Supplementary Figure 1). 

A

2x C2611T (resistant)
3x C2611T (resistant)
4x C2611T (resistant)
4x A2059G (resistant)
Wild-type (resistant)
Wild-type (susceptible)
Not determined

1

4 5

2

3
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B

1

4 5

2

3

2008-2009
2010-2011
2012-2013
2014-2015

C

1

4 5

2

3

HIV negative
HIV positive
HIV status missing
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D

1

4 5

2

3

G2992
G5108
G2400
G1407
G359
Other genogroups
Not determined

Figure 1. Minimum spanning tree of 143 N. gonorrhoeae isolates based on NG-MLVA, by 23S rRNA type and 
resistance to azithromycin (A), calendar year (B), HIV status (C), and NG-MAST genogropus (D) 

Each circle represents a different NG-MLVA type, the size of the circle represents the number of isolates, a solid 
line represents a difference of one locus, a dashed line represents a difference of two loci. A cluster (grey area) was 
assigned to groups of NG-MLVA types that differed on maximally one locus and contained at least five isolates. 
Azithromycin susceptibility was defined as MIC ≤0.25 mg/L, and resistance as MIC ≥2 mg/L. NG-MAST genogroups 
were assigned to sequence types with at least one identical allele, and a difference of ≤4 bp (tbpB) or ≤5 bp (por) 
for the other allele.
HIV, human immunodeficiency virus; MIC, minimum inhibitory concentration; NG-MAST, Neisseria gonorrhoeae 
multiantigen sequence type; NG-MLVA, Neisseria gonorrhoeae multilocus variable-number tandem repeat 
analysis; rRNA, ribosomal ribonucleic acid.

Azithromycin resistance, 23S rRNA mutation and genotype 
Although the 62 isolates carrying a C2611T mutation were found throughout the genetic 
tree, 40 (64.5%) were found in the predominantly resistant NG-MLVA clusters 1, 4 and 
5 (Figure 1A). Three isolates (4.8%) were included in the predominantly susceptible 
clusters 2 and 3, of which two belonged to common NG-MAST genogroups (one was 
G2400 and one was G1407). Nineteen (30.7%) of the C2611T mutated isolates were not 
included in any cluster, of which 11 (57.9%) did not belong to the five most common NG-
MAST genogroups either (Figure 1D; Table 3). The two isolates with A2059G mutations 
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were unrelated (Figure 1A). Of the fi ve resistant isolates with wild-type 23S rRNA, two 
were included in NG-MLVA cluster 1 and were NG-MAST G2992. The other three were 
not in a cluster, two were G1407, and one was G6327.

Characteristics of each NG-MLVA cluster 
Cluster 1 included 34 strains, of which 31 (91.2%) were resistant, and 29 had C2611T 
mutations (Table 3). Two resistant isolates had wild-type 23S rRNA. Isolates from 
almost the entire study period (2009–2012 and 2015) were part of this cluster. Isolates 
were predominantly from MSM, but also from two heterosexual males and four 
females. Half of the isolates were from HIV-positive patients.

Cluster 2 included 11 isolates, of which 10 (90.9%) were susceptible and had wild-type 
23S rRNA, one isolate was resistant and had a C2611T mutation (Table 3). Isolates were 
from 2010–2011 and 2013–2014. All patients in this cluster were MSM, and 36.4% were 
HIV-positive.

Cluster 3 included eight isolates, of which six (75.0%) were susceptible and had wild-
type 23S rRNA, two isolates were resistant and had C2611T mutations (Table 3). Isolates 
were from 2009–2011, all patients were MSM, and 37.5% were HIV-positive. 

Cluster 4 included six isolates, of which fi ve were resistant and had C2611T mutations. 
One was susceptible with wild-type 23S rRNA (Table 3). Isolates were from 2010–2012, 
included four MSM and one female, and 33.3% was HIV-positive.

Cluster 5 included six identical isolates, all resistant, and all with C2611T mutations on 4 
alleles (Table 3). The strains were all obtained in 2008, from the rectum of Dutch MSM. 
Five were HIV-negative and one HIV status was unknown (Figure 1C). 

Correlation of NG-MAST and NG-MLVA typing 
Figure 1D shows a clear overlapping of NG-MLVA clustering and NG-MAST genogroups. 
Isolates with the most common NG-MAST genogroups G2992 and G5108 were 
signifi cantly more of ten included in an NG-MLVA cluster (G2992 P = 0.001; G5108 P 
<0.001). NG-MLVA clusters 1 and 4 included 18 of the 23 isolates with G2992 (78.3%), 
and all 17 isolates with G5108 (Table 3). The tbpB sequences of all isolates in clusters 1 
and 4 were identical, regardless of NG-MAST genogroup. However, the por sequences 
of both genogroups dif fered by more than 20 bp. The remaining fi ve isolates (21.7%) 
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with genogroup G2992 were not included in NG-MLVA clusters 1 or 4. However, three 
of these dif fered from isolates in cluster 1 on only two NG-MLVA loci instead of one.

NG-MAST genogroups G2400 (P = 0.4), G359 (P = 0.3), and G1407 (P = 0.5) were not 
significantly more of ten included in an NG-MLVA cluster, possibly due to the small 
sample size. However, in cluster 2, eight of the 11 isolates (72.7%) were G2400, which 
is 57.1% of all G2400 strains. In cluster 3, six of the eight isolates (75.0%) were G1407, 
which is 54.6% of all G1407 strains. Cluster 5 consisted only of G359 strains, and three 
G359 isolates were not in this (or any other) cluster. 

Table 3. Results by MLVA cluster of 65 Neisseria gonorrhoeae isolates at the STI Outpatient Clinic Amsterdam, 
the Netherlands, from January 2008 through September 2015a

Cluster Total Resistant Susceptible Years HIV-
positive

NG-MAST (n)b 23S rRNA (n)

1 34 31 (91.2) 3 (8.8) 2009–2012; 
2015

17 (50.0) G2992 (15); 
G5108 (15); 
G4544 (2); 
G14375 (2)

C2611T (4 alleles, 27); 
C2611T (3 alleles, 2); 
wild-type (5)

2 11 1 (9.1) 10 (90.9) 2010–2011; 
2013–2014

4 (36.4) G2400 (8); 
G5031 (1); 
G21 (1);
G11072 (1)

C2611T (4 alleles, 1); 
wild-type (10)

3 8 2 (25.0) 6 (75.0) 2009–2011 3 (37.5) G1407 (6); 
G3806 (1); 
G14345 (1)

C2611T (4 alleles, 2); 
wild-type (6)

4 6 5 (83.3) 1 (16.7) 2010–2012 2 (33.3) G2992 (3); 
G5108 (2); 
G14347 (1)

C2611T (4 alleles, 3); 
C2611T (3 alleles, 2); 
wild-type (1)

5 6 6 (100.0) 0 (0.0) 2008 0 (0.0) G359 (6) C2611T (4 alleles, 6)
a Data are presented as n (%) unless otherwise indicated. 
b NG-MAST genogroups, assigned to sequence types with at least one identical allele, and a dif ference of ≤4 
bp (tbpB) or ≤5 bp (por) for the other allele.
HIV, human immunodeficiency virus; MIC, minimum inhibitory concentration (geometric mean); MLVA, 
multilocus variable-number tandem repeat analysis; NG-MAST, N. gonorrhoeae multiantigen sequence 
typing; rRNA, ribosomal ribonucleic acid; STI, sexually transmitted infection.

DISCUSSION

We describe the molecular epidemiology and 23S rRNA mutations of 69 azithromycin 
resistant N. gonorrhoeae isolates and 74 susceptible isolates from Amsterdam, the 
Netherlands, collected from January 2008 through September 2015. Our data show 
that 92.8% of resistant strains had a 23S rRNA mutation, which consisted of a C2611T 
mutation in almost all cases; A2059G mutations occurred infrequently. These results 
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are similar to those of three recent studies analysing azithromycin resistant strains 
using whole genome sequencing (WGS).13,14,16 While the study by Jacobsson et al. 
reported 23S rRNA mutations in all azithromycin resistant strains, we found fi ve 
resistant strains with a wild-type 23S rRNA (7.2%).13 This is in marked contrast to the 
reported 43.5% among strains with reduced susceptibility by Grad et al., and to the 
31.8% among resistant strains by Demczuk et al.14,16 Remarkably, most of these strains, 
including those from our study, had MICs just above the breakpoint. Given the slight 
dif ferences in MIC depending on the method used (agar dilution or Etests), it is 
possible that these low-level resistant strains were not equally frequently included in 
the dif ferent studies.29,30 Another explanation could be resistance due to mutations in 
the mtrR gene (encoding for mtrCDE-ef flux pumps) or its promotor.10,11,14,16,31 We did not 
include testing for mtrR mutations, and therefore we cannot confi rm or exclude this as 
a possible explanation for the resistance in our isolates.

A strength of our study was a direct comparison between resistant strains and 
susceptible control strains. Five NG-MLVA clusters were identifi ed: three consisted 
predominantly of azithromycin resistant isolates, and two of susceptible isolates.25,26 
Resistant isolates were signifi cantly more of ten included in a cluster than susceptible 
isolates. Despite this clear distribution, four of the fi ve clusters included both resistant 
and susceptible isolates. Moreover, some of the resistant strains in clusters dominated 
by susceptible strains were assigned to the same NG-MAST genotype as the susceptible 
strains, and vice versa. Both the distribution of resistant strains within clusters and 
susceptible strains outside of clusters, as well as the combination of susceptible and 
resistant strains within genetic clusters have been previously reported by WGS-based 
methods.13,14,16

We noted a considerable overlap between NG-MLVA clusters and NG-MAST 
genogroups: the larger clusters (1 and 4) were signifi cantly associated with G2992 
and G5108 (both P <0.001). Combined with C2611T mutations of resistant isolates, 
and the inclusion of both susceptible and resistant strains in NG-MLVA clusters, this 
implies that susceptible N. gonorrhoeae isolates can accumulate resistance (by C2611T 
mutations) without signifi cant changes to the ‘background genome’. Furthermore, the 
fi nding that 34.8% of resistant isolates did not belong to an NG-MLVA cluster, suggests 
that 23S rRNA mutations frequently occur de novo. 
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The association between azithromycin resistance and NG-MAST genogroups G2992, 
G5108, and G359 in our study was significant. This was also reported for G2992 in a 
European study,13 but not in other studies.5,11,12,28,32,33 The association between G5108 
or G359 and resistance was not reported before.5,12,13,16,28,32,33 Whereas in our study 
strains with genogroup G2400 were significantly more of ten susceptible, this was 
associated with resistance in another European study.13 However, in this latter study by 
Jacobsson et al. only resistant stains were characterized. Genogroup G1407 has been 
associated with resistance to third generation cephalosporins.27,34 The association with 
azithromycin resistance was reported by some studies,5,13,27,28,33,35 but a recent study 
in France reported an association with susceptibility.12 Although genogroup G1407 
was common among our isolates, we found no significant association with either 
resistance or susceptibility to azithromycin. These dif ferences indicate that NG-MAST 
genotypes not only dif fer between geographic regions, but also that azithromycin 
resistance evolves separately from the ‘background genome’.13,36

The NG-MLVA clusters not only represent genetically related N. gonorrhoeae isolates, 
but could also reflect sexual networks of patients. This is important because four of 
the five cluster included strains from both HIV-negative and HIV-positive patients, 
and HIV status was not associated with azithromycin resistance. This adds further 
evidence that both azithromycin resistance and sexual networks do not occur in 
strict association with HIV status.37 As was previously described using whole genome 
sequencing in Europe and Canada,13,16 most of our clusters included isolates from 
dif ferent calendar years. The largest cluster contained isolates from 2009 through 
2015, indicating both that azithromycin resistance evolves through time, and that 
this sexual network could still be active. Patients belonging to this sexual network 
may be at continued risk of acquiring an N. gonorrhoeae infection which is resistant to 
azithromycin. 

There are some limitations of this study. We included only isolates from Amsterdam, 
the Netherlands, which could limit the generalizability in other parts of the world, 
where dif ferent types of sexual networks exist. Also, because we selected all available 
resistant isolates, and only a selection of susceptible isolates from a larger population, 
resistant isolates were more likely to be from the same sexual network, and thus 
genetically more related than susceptible isolates. 
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In conclusion, azithromycin resistance of N. gonorrhoeae isolates from Amsterdam 
was associated with C2611T mutations of 23S rRNA, NG-MAST genogroups G2992, 
G5108 and G359, and three NG-MLVA clusters, but it was not associated with HIV 
status. Azithromycin resistance was also observed in isolates with wild-type 23S rRNA. 
Moreover, NG-MLVA clusters included both resistant and susceptible strains. This 
suggests that azithromycin resistance develops independently from the ‘background 
genome’. Because azithromycin is the preferred treatment option for C. trachomatis and 
urethritis, exposure in patients potentially (co)infected with N. gonorrhoeae is high.4,38,39 
This could induce accumulation of resistance mutations in susceptible strains, and 
increase spread of azithromycin resistance within sexual networks. A further increase 
of azithromycin resistance will threaten the use of azithromycin as part of dual therapy 
for gonorrhoea. 
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SUPPLEMENTARY DATA
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Supplementary Figure 1. Minimum spanning tree of 143 N. gonorrhoeae isolates based on NG-MLVA, by ethnic 
origin 
Each circle represents a different NG-MLVA type, the size of the circle represents the number of isolates, a solid 
line represents a difference of one locus, a dashed line represents a difference of two loci. A cluster (grey area) was 
assigned for NG-MLVA types that differed on one locus and contained at least five isolates. 
NG-MLVA, Neisseria gonorrhoeae multilocus variable-number tandem repeat analysis.

Supplementary Table 1. NG-MAST sequence types of 143 N. gonorrhoeae isolates of patients visiting the STI 
Outpatient Clinic Amsterdam, the Netherlands from January 2008 through September 2015, by susceptibility 
to azithromycina

NG-MAST ST
n = 65

Total
n = 143

Resistant
n = 69

Susceptible
n = 74

2 1 0 1
21 3 2 1
51 2 0 2
205 1 1 0
210 1 0 1
225 1 0 1
359 8 7 1
436 1 0 1
951 1 0 1
1407 6 1 5
1419 1 0 1
1478 1 1 0
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Supplementary Table 1. continued
NG-MAST ST
n = 65

Total
n = 143

Resistant
n = 69

Susceptible
n = 74

1582 1 0 1
1666 1 0 1
2210 2 2 0
2322 2 2 0
2400 11 1 10
2487 1 0 1
2992 21 18 3
3003 2 0 2
3128 1 1 0
3307 2 0 2
3629 1 0 1
3806 1 1 0
3811 1 0 1
4198 1 1 0
4234 1 0 1
4249 1 0 1
4544 2 0 2
4589 1 0 1
4751 1 0 1
4914 1 0 1
4995 1 1 0
5031 1 0 1
5108 17 17 0
5475 1 0 1
5520 2 0 2
5533 3 3 0
5553 1 1 0
5793 1 0 1
6327 3 1 2
7574 1 0 1
8919 1 0 1
10257 1 0 1
10567 1 1 0
11072 1 0 1
11461 1 0 1
11594 1 1 0
12212 1 0 1
13155 1 0 1
14338 1 0 1
14339 1 0 1
14340 1 0 1
14345 1 0 1
14346 1 0 1
14347 1 0 1
14348 1 0 1
14349 1 0 1
14350 1 0 1
14354 1 0 1
14361 1 1 0
14369 1 1 0
14370 1 1 0
14375 2 2 0
14377 1 0 1
14379 1 1 0
14391 1 0 1
Missing 4 0 4
a Data are presented as number of isolates.
NG-MAST, N. gonorrhoeae multiantigen sequence type; ST, sequence type; STI, sexually transmitted infection.
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