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Culture-Independent Genotyping Revealed 3 Strain
Clusters in a PotentialNeisseria gonorrhoeaeOutbreak in
Young Heterosexuals (<25 Years), the Netherlands,

October 2017 to March 2019
Brian M.J.W. van der Veer, MSc,* Petra F.G. Wolffs, PhD,* Christian J.P.A. Hoebe, MD, PhD,*†
Juliën N.A.P. Wijers, MSc,*† Gènevieve A.F.S. van Liere, PhD,*† Marita I.L.S. Werner, MD,†

Amanja Verhaegh, MD,† Nicole H.T.M. Dukers-Muijrers, PhD,*‡ and Lieke B. van Alphen, PhD*

Background: Investigation was undertaken to determine the genetic re-
latedness ofNeisseria gonorrhoeae (NG) isolates of young (<25 years) het-
erosexuals of a potential outbreak from October 2017 to March 2019 in
South-Limburg, the Netherlands.
Methods: Data and residual sample material of routine diagnostics were
retrieved for outbreak cases (78/81), young heterosexuals at baseline (January
2016 to September 2017, n = 30), and men who have sex with men (2018,
n = 47). Total DNA was isolated, and NG was genotyped using culture-free
NG multiantigen sequence typing. Sanger sequence data were used to con-
struct a phylogenetic tree. Cases of outbreak clusters were geographically
mapped, and descriptive analyses were performed on patient characteris-
tics, comparing these clusters.
Results: Outbreak investigation showed 81 cases of young heterosexuals
between October 2017 and March 2019 (4.5 per month) compared with 30
between January 2016 and September 2017 (1.4 per month), which was
considered as baseline. Culture-independent genotyping of NG was per-
formed to assess the genetic relatedness, as only 21 outbreak cases were cul-
ture confirmed. This revealed 3 independent outbreak clusters G2 (n = 18),
G13113 (n = 11), andGNewST (n = 24). None of the clusterswere geograph-
ically linked or introduced by bridging with men who have sex with men net-
works. Number of sex partners reported by men and Chlamydia trachomatis
coinfection were associated with clusters G2 and GNewST, respectively.
Conclusions: Culture-independent typing proved to be essential to identify
the 3 outbreak clusters. However, targeted interventions were difficult because
information on sex partners was limited. Therefore, prospective culture-
independent typing could be used for early outbreak detection and aid in
transmission prevention.

N eisseria gonorrhoeae (NG) is a common bacterial sexually
transmitted infection (STI) that can infect genital, anorectal,

oropharyngeal, and ocular mucosa.1–3 Many NG infections, espe-
cially anorectal and oropharyngeal infections, are asymptomatic,
which could lead to unnoticed transmission.4,5 Therefore, it is a
major public health challenge as the incidence rate remains high
despite improved diagnostics.1,6 Key populations with a higher
risk of acquiring NG such as men who have sex with men (MSM)
have been identified.4 This is reflected in a higher positivity rate
among MSM (11.0%) compared with women (1.6%) and hetero-
sexual men (1.8%) in the Netherlands.7

Molecular epidemiology can have an important contribu-
tion to the elucidation of sexual networks, in addition to collected
epidemiological data.8N. gonorrhoeaemultiantigen sequence typ-
ing (NG-MAST) and whole-genome sequencing have been ap-
plied to elucidate transmission networks and outbreaks of NG.9–16

These studies revealed sustained transmission of some lineages in
both MSM and heterosexuals resulting in strain clusters.9,10,12–14,16

Also, bridging betweenMSMand heterosexual sexual networks has
been demonstrated previously.13 Furthermore, some studies reveal
outbreaks of NG in distinct sexual networks or geographical
areas.9,10,15 However, the previous studies relied on culture of
NG that frequently fails.9–16 Therefore, some links between indi-
viduals could be missed if no cultured isolates are available.

We noticed a potential outbreak of NG in the young (<25 years)
heterosexual population visiting our STI clinic. We observed an
increasing number of young women with genital NG and an in-
creased number of young heterosexual men, whereas triage and
the number of tests did not change since 2015.17 In the last quarter
of 2017, 7 young women were diagnosed with genital NG visiting
our STI clinic, whereas in the previous three-quarters of 2017, only
5 young women were diagnosed with genital NG. Here, we report
the main findings of molecular outbreak investigation and demon-
strate the added value of culture-independent genotyping and dis-
cuss challenges associated with NG outbreak detection and
management.

METHODS

Case Definition and Data Collection
Confirmed cases related to this outbreak were defined as

young (<25 years) heterosexuals (women and men) living in the
region South-Limburg in the Netherlands with a genital NG infec-
tion fromOctober 2017 toMarch 2019. Extragenital samples were
not included because heterosexuals are not routinely tested at
those anatomical sites as recommended by the Dutch STI guide-
lines.17 N. gonorrhoeae and Chlamydia trachomatis (CT) infec-
tions were diagnosed in routine diagnostics using the Cobas
4800 CT/NG test (Roche Diagnostics, Basel, Switzerland) using
a self-collected vaginal swab (women) or first-void urine sample
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(men). As part of routine diagnostic procedures, a standardized
questionnaire regarding the medical and sexual history of the last
6 months was collected by trained nurses. Data on sexual risk
group, symptoms, number of sex partners, educational level, resi-
dence (4-digit postcode), and ethnicity were used in this study. The
following were considered as urogenital symptoms: genital dis-
charge, bleeding, itching, swelling, pain, burning sensation, and
more frequent urination. Educational level was defined as low/
medium (no education, primary school, or vocational) and high
(higher education [secondary school] or university). Ethnicity was
categorized as Western and non-Western background according to
the Dutch consultation manual.17 All missing data were handled
as unknown and were not included in the analyses.

Outbreak Investigation
There were 81 confirmed cases (57 women and 24 men) in

the time frame of October 2017 to March 2019 compared with 30
young heterosexuals (17 women and 13 men) with genital NG
from January 2016 to September 2017, which were considered
as baseline. This resulted in a 3-fold higher number of genital
NG-positive young heterosexuals per month during the outbreak
(4.5 per month) compared with baseline (1.4 per month). Three
outbreak cases were excluded because of the lack of residual ma-
terial for genotyping, leaving 78 cases (56 women and 22 men), of
which 21 (26.9%) were culture confirmed, available for analysis.
Residual samples of routine diagnostics, stored at −20°C till use
(within 1 year), were genotyped using culture-free NG-MAST to
assess the genetic relatedness of the NG strains.18 For comparison,
residual NG-positive genital material of young heterosexuals at
baseline was genotyped to determine the occurrence of clustering
in this population. In addition, residual NG-positive genital mate-
rial of MSM, including bisexual men, in 2018 (n = 47) was geno-
typed to check for potential introduction of NG in the heterosexual
population via bridging.

Culture-Independent Genotyping
DNA isolation and culture-free NG-MASTwere performed

as previously described, with minor modifications to the polymer-
ase chain reaction (PCR) protocol.18 Polymerase chain reaction
protocols were modified as follows to improve sensitivity. The
porB PCR protocol: 5 minutes at 95°C, 12 cycles of 30 seconds
at 95°C, 3 minutes at 68°C (decreasing by 0.5°C per cycle), 30 cy-
cles of 30 seconds at 95°C, 1 minute at 58°C, 2.5 minutes at 68°C,
and a final extension of 10 minutes at 68°C. The tbpB PCR proto-
col: 5 minutes at 95°C, 12 cycles of 30 seconds at 95°C, 3 minutes
at 72°C (decreasing by 0.5°C per cycle), 30 cycles of 30 seconds at
95°C, 1 minute at 65°C, 2.5 minutes at 68°C, and a final extension
of 10 minutes at 68°C.

Data Analysis
The Sanger sequence data analysis was performed as de-

scribed previously.18 Bionumerics version 7.6 (Applied Maths,
Sint-Martens-Latem, Belgium) was used to perform multiple se-
quence alignment and unweighted pair group method with arith-
metic mean clustering on concatenated porB and tbpB sequences
as described previously.18 Genogroups were assigned if ≥10 cases
had a shared identical allele and the other ≥99% similarity and
were considered as a cluster.19 Genogroupswere used to ensure ro-
bust statistical analysis as proposed by Chisholm et al. and because
some known sexual contacts do not have identical NG-MAST se-
quence types.19,20

Geospatial coordinates (residence) of outbreak cases were
extracted using the R-package “nlgeocoder” version 0.1.3. We vi-
sualized residence areas of patients, based on their 4-digit post-
code, per outbreak cluster in a geographical map using Qgis
2.18.28.21 In addition, the coordinates were used to test whether
outbreak clusters, based on NG-MAST, were associated with a
geographical area using SatScan (version 9.6) using the multino-
mial model.22

Figure 1. A, Epidemiological curve of genital NG cases in young heterosexuals in South-Limburg, the Netherlands. B, Epidemiological curve of
genotyped samples of young heterosexuals in South-Limburg, the Netherlands. Bars are colored according to the availability of cultured
isolate. The dashed vertical line and the bold dates indicate the outbreak.
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Differences in epidemiological characteristics (sex, CT co-
infection, educational level, notified for an STI, symptoms, and
ethnicity) between strain clusters were pairwise compared with
the Fisher exact test. Student t test was used to test associations
with number of sex partners between strain clusters and between
women and men within a strain cluster. These analyses were per-
formed using R statistical software version 3.6.2 (R Foundation
for Statistical Computing, Vienna, Austria).

Ethical Statement
The data in this study were obtained from medical records

from routine care of our STI clinic in a deidentified manner. None
of the researchers had access to patient-identifying information.
The STI clinic uses the “no objection” informed consent, and per-
sons who refused use of data or samples are not included in this
study. The study protocol was exempt from formal medical-ethical
approval under prevailing laws in the Netherlands, as it concerns
only an retrospective observational study using anonymous data
only (as stated by the National Central Committee for Human

Studies [www.ccmo.nl] and in the conduct of good behavior in re-
search [www.federa.org]).

RESULTS

Descriptive Epidemiology
A total of 81 cases were identified (57 women and 24 men)

in the time frame of October 2017 toMarch 2019 (Fig. 1A). As the
increase in genital NG cases in young women was notified in the
last quartile of 2017, all young heterosexuals with genital NG from
January 2016 to September 2017 were considered baseline (n = 30,
17 women and 13 men; Fig. 1A). Of the potential outbreak cases, 3
were excluded because of the lack of residual material for genotyp-
ing, but none of the baseline as sufficient residual material was
available.

Three Independent Outbreak Clusters
In total, 128 (82.6%) of 155 genital NG-positive samples

were successfully genotyped with culture-free NG-MAST, 20

Figure 2. Dendogram of concatenated porB and tbpB sequences of outbreak (dark circles) and reference (white circles) cases, clustered with
unweighted pair group method with arithmetic mean algorithm. Brackets indicate a genogroup and are named by the most abundant
sequence type. The branch length depicts the percentage of dissimilarity.
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(66.7%) of 30 samples at baseline, 70 (89.7%) of 78 confirmed
outbreak cases, and 38 (80.9%) of 47 MSM. Of the genotyped
samples, only 57 (44.5%) of 128 were culture positive. Of the
27 samples that failed genotyping (8 vaginal swabs and 19 urine
samples), 5 showed potential mixed strain infections (4 culture-
positive) and 8 had a low bacterial load (<2.8 log10 CFU/mL, no
culture-positives). The remaining 14 samples (2 culture-positive)
could have failed because of PCR inhibition. Most genotyped
samples at baseline and during outbreak were not culture confirmed

and thus could only be typed by culture-independent methods
(Fig. 1B). Figure 2 presents the dissimilarity of concatenated porB
and tbpB sequences revealing 3 independent outbreak clusters,
namely, G2 (n = 18), G13113 (n = 11), and GNewST (n = 24).
Of these outbreak clusters, only 5 of 18, 2 of 11, and 6 of 24 of
cases had a cultured isolate and therefore would not have met
the outbreak cluster criteria if a culture-dependent methodwas used.
Genogroups, G13113 (n = 1) and GNewST (n = 3), were already
present in the young heterosexual population before the increase

Figure 3. Epidemiological curve of genotyped samples of young heterosexuals in South-Limburg, the Netherlands. Bars are formatted
according to genogroup. The dashed vertical line and the bold dates indicate the outbreak.

Figure 4. Geographical maps of cases per outbreak cluster. The black lines represent the municipalities, and the gray dots represent the
geographic area of the 4-digit postal code.
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of genital NG, in January 2016 (G13113) and between May and
September 2017 (GNewST), respectively (Fig. 3). No genogroups
were seen when solely using preoutbreak young heterosexual
cases and MSM cases (Fig. 2).

Geographical Mapping
The 4-digit postcode of patients per outbreak cluster was

used to explore possibilities for targeted interventions. Figure 4
shows that the cases per outbreak cluster are quite scattered in
South-Limburg. Despite the small numbers, geographical cluster-
ing analysis was performed using SatScan, but no significant geo-
graphical clustering was observed (Supplemental Table, http://
links.lww.com/OLQ/A612).

Association of Epidemiological CharacteristicsWith
Outbreak Clusters

Because no clear geographical clustering was observed,
other explanatory variables could provide insight into the epidemi-
ology of the outbreak. Therefore, we analyzed whether a significant
association with sex, sex partner, CT coinfection, educational level,
notification for an STI, symptoms, and ethnicity could be assessed.
Fisher exact tests showed that CT coinfection was significantly as-
sociated with cluster GNewST (92%, P < 0.03; Table 1). Higher
number of sex partners was reported by heterosexual men in cluster
G2 comparedwith the other clusters (P = 0.03, Table 1). In addition,
women in cluster G2 andG13113 report a lower number of sex part-
ners compared with heterosexual men in the respective cluster
(P = 0.03 and P = 0.02).

No Introduction of NG by Bridging
The relatively high number of NG cases in the young het-

erosexual population could be the result of acquisition of NG by
bridging with a high-risk population. BecauseMSM, including bi-
sexual men, are a group at risk of acquiring an NG infection,

bisexual men could introduce NG strains in the young heterosexual
population. None of the cases of MSM, including bisexual men,
clustered together with any of the 3 independent outbreak (Fig. 2).
However, there were 3 smaller clusters of 6 individuals; 2 contained
MSM, of which 1 also contained bisexual men (Fig. 2).

Outbreak Control Measures
Implementation of control measures to stop further trans-

mission of NG within this population proved difficult because of
limited information on sexual partners and no obvious association
with a geographical area. A prospective approach was taken in
which an additional questionnaire is implemented, which will be
collected upon return to the clinic for treatment or via telephone
when empirically treated. This questionnaire covers detailed infor-
mation of all sex partners, sexual practices per sex partner, and
where and when did they meet their sex partner(s). Furthermore,
prospective culture-independent genotyping of NG-positive het-
erosexuals was implemented, as it proved essential for outbreak
clusters identification. These prospectively collected data of the addi-
tional questionnaire and genotyping can be used to perform network
analyses for targeted interventions to control future NG outbreaks.

DISCUSSION
Between October 2017 and March 2019, a 3-fold higher

number of genital NG-positive young heterosexuals per month
was seen (4.5 per month) compared with January 2016 to September
2017 (1.4 per month, considered as baseline), indicating a poten-
tial outbreak of NG among young heterosexuals, whereas NG is
mostly diagnosed in MSM. Therefore, culture-independent genotyp-
ing was performed and revealed 3 independent outbreak clusters of
only heterosexual individuals. Using culture-independent genotyping
was essential to identify the 3 outbreak clusters, as only 5 of 18 (G2),
2 of 11 (G13113), and 6 of 24 (GNewST) cases had a cultured isolate
available for typical culture-dependent genotyping. Analysis of these

TABLE 1. Characteristics of the Outbreak Clusters

G2 (n = 18) G13113 (n = 11) GNewST (n = 24)

Sex
Women 66.7 (12) 81.8 (9) 83.3 (20)
Men 33.3 (6) 18.2 (2) 16.7 (4)

Sex partners reported by women 2.3 ± 1.2 2.1 ± 1.3 2.6 ± 2.1
Sex partners reported by men 11.3 ± 7.3*† 5.5 ± 0.7‡ 2.8 ± 2.4
CT coinfection
CT negative 38.9 (7) 54.5 (6) 8.3 (2)
CT positive 61.1 (11) 45.5 (5) 91.7 (22)*

Educational level
Low/medium 66.7 (12) 90.9 (10) 66.7 (16)
High 33.3 (6) 9.1 (1) 20.8 (5)
Unknown 0 (0) 0 (0) 12.5 (3)

Notified for an STI
Not notified 77.8 (14) 45.5 (5) 62.5 (15)
Notified 22.2 (4) 45.5 (5) 37.5 (9)
Unknown 0.0 (0) 9.1 (1) 0.0 (0)

Symptoms
Asymptomatic 16.7 (3) 27.3 (3) 45.8 (11)
Symptomatic 83.3 (15) 72.7 (8) 54.2 (13)

Ethnicity
Western 88.9 (16) 81.8 (9) 95.8 (23)
Not-Western 11.1 (2) 18.2 (2) 4.2 (1)

Data are reported as percentages (number of cases) except sex partners, which are reported as mean (SD).
*P < 0.05.
†Men report more sex partners compared with women (P = 0.03).
‡Men report more sex partners compared with women (P = 0.02).
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clusters showed an association of number of sex partners reported
by men with cluster G2 and an association of CT coinfection with
cluster GNewST. Based on our data set, the 3 independent strain
clusters were not introduced by bridging with MSM sexual net-
works, as noMSM samples were identified in the outbreak clusters.

The 3 independent outbreak clusters (genogroups) were
only found in heterosexual individuals. Because these genogroups
were not identified in samples of MSM, including bisexual men,
our results make the introduction of NG in the young heterosexual
population by bridging from other sexual networks unlikely, based
on our data. However, 3 smaller clusters of 6 individuals were
seen, and 2 contained MSM, of which 1 contained bisexual men.
Bridging and mixed sexual risk groups have been described previ-
ously in strain clusters.9,13 Some strains in each genogroup of this
study were also found in a study by Choudhury et al.9 and were also
associated with heterosexuals likely confirming the observed clus-
ters in this study. Choudhury et al. described significant differences
in behavior and demographics of individuals between strain clusters
that could indicate localized transmission clusters. In this study, the
number of sex partners reported by men and CT coinfection was
significantly different between the clusters. Geographical mapping
in this study did not reveal clear localized clusters possibly because
of low absolute numbers or relatively small geographic area (Fig. 4).
In contrast, Risley et al.10 did observe strain clusters to be associated
with a geographical area and considered these as localized outbreaks
and persisted shorter compared with strains that were not associated
with a geographical area. In this study, only one strain (G13113) was
observed in 2016 (considered preoutbreak), whereas the other
genogroups (G2 and GNewST) were not observed in 2016 (Fig. 3).
Therefore, it is possible that the 3 clusters represent localized out-
breaks in separate sexual networks but with similar epidemiologi-
cal characteristics. For instance, the network could have an origin
in dating app usage or attending the same school rather than loca-
tion of residence.

Culture-independent molecular typing was essential for
epidemiological analyses, as in total 63 of 155 samples had a
cultured isolate available. The outbreak clustersmight not have been
identified without this method, as only 5 of 18 (G2), 2 of 11
(G13113), and 6 of 24 (GNewST) cases had a cultured isolate
available for typical culture-dependent genotyping. Aside from
the low sensitivity of NG culture, nucleic acid amplification tests,
which use nonculturable samples, are generally used for NG de-
tection in routine diagnostics and are not always confirmed by cul-
ture.3,6 This could lead to underestimation of linked individuals
and delayed identification of outbreaks. Culture-independent mo-
lecular typing on residual nucleic acid amplification test samples
could provide links between individuals rapidly to inform STI clinics.

Although 3 independent outbreak clusters were identified,
targeted control measures were difficult to setup because partner
information from regular partner notification to identify transmis-
sion networks of the clusters was limited. Prospective genotyping
in combination with intensive contact tracing could provide the
necessary data to prevent transmission in sexual networks and con-
trol NG outbreaks. However, the highly feasible and cost-effective
prospective genotyping could be implemented in many places and
is available for future prospective studies.

Our study does have limitations. First, the outbreak cases were
analyzed and genotyped retrospectively, and therefore, we were ham-
pered in gathering additional information. Second, only genital NG
cases of clients attending the STI clinic in South-Limburgwere geno-
typed but not clients of general practitioners, thereby potentially
underestimating themagnitude of the outbreak clusters. However, groups
at risk of acquiring an NG infection are mainly tested at STI-clinics.7

In conclusion, within the strong increase of NG cases in a
short period, 3 independent outbreak clusters of closely related NG

strains were identified using culture-free NG-MAST. This highlights
the potential added value of culture-independent genotyping for out-
break investigations. Because detailed partner information was lim-
ited and we did not observe clear associations within a geographical
area, additional control measures were difficult to setup. Prospective
culture-independent genotyping in combination with detailed epide-
miological data could provide the data needed for additional control
measures to halt NG transmission and control NG outbreaks.
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