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ABSTRACT Neisseria gonorrhoeae is a common bacterial sexually transmitted infec-
tion (STI). Currently, there are limited data on the bacterial load in both men and
women and on both genital and extragenital sites. Therefore, we quantified N. gon-
orrhoeae bacterial loads in a large population of women, heterosexual men, and
men who have sex with men (MSM) at three different anatomical sites. N.
gonorrhoeae-positive samples (n = 1265) of STI clinic consultations (n = 944) were
tested for N. gonorrhoeae with the Roche Cobas 4800 system, and quantification cy-
cle (Cq) values were used as an inversely proportional measure for N. gonorrhoeae
bacterial load after interpolation from a standard curve. Bacterial loads were com-
pared between sample materials and sexes using t tests. The following mean N. gon-
orrhoeae loads were observed: urine, 4.5 = 1.0 log,, CFU/ml; vaginal swabs, 4.3 = 1.1
log,, CFU/mIl; anorectal swabs (women), 4.0 £ 1.2 log,, CFU/ml; anorectal swabs
(men), 4.5 = 1.3 log,, CFU/mIl; oropharyngeal swabs (women), 2.8 = 0.9 log,, CFU/
ml; and oropharyngeal swabs (men), 3.2 = 1.0 log,, CFU/ml. Oropharyngeal swabs
had a significantly lower N. gonorrhoeae load (P < 0.001) than genital and anorectal
samples. Loads did not differ between men and women. This is the first study that
determined N. gonorrhoeage load in both women and men at three anatomical sites.
The substantial N. gonorrhoeae load at all sample sites suggest that all sites may
have transmission potential. However, the oropharyngeal site presents the lowest
bacterial load. Men and women have a similar N. gonorrhoeae loads on separate an-
atomical sites, arguing for similar transmission potential and similar clinical rele-
vance.

KEYWORDS Neisseria gonorrhoeae, bacterial load, symptoms, extragenital,
transmission

eisseria gonorrhoeae accounts for 87 million of the estimated 376 million new

curable sexually transmitted infection (STI) cases worldwide every year (1). Limiting
the transmission of N. gonorrhoeae is a major public health challenge. Many infections
remain hidden to care, especially in women, because of stigma and their asymptomatic
nature (2-5). Untreated N. gonorrhoeae infections can affect the vagina, cervix, urethra,
the rectum, or the throat and could lead to severe sequelae. In women, N. gonorrhoeae
can cause pelvic inflammatory disease, infertility, ectopic pregnancy, and maternal
death (2). In men, urethral infections are frequently symptomatic and can cause
urethritis with pus-like discharge, dysuria, and pain or swelling in one testicle (6).
Current guidelines recommend urogenital testing for N. gonorrhoeae in both men and
women (7-9). The need for extragenital testing is recognized for men who have sex
with men (MSM) but not for women and heterosexual men. Aside from MSM, extra-
genital testing is only recommended for patients with an indication, such as a history
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of direct exposure by anal or oral sex or symptoms. The prevalence of extragenital N.
gonorrhoeae is 3% to 21% in MSM but substantially lower in heterosexual men and
women (0% to 3%) (10, 11). However, as current health care is mainly focused on
genital testing, many N. gonorrhoeae infections remain hidden to care. Thus, 29% to
30% of N. gonorrhoeae infections in women and 14% of N. gonorrhoeae infections in
heterosexual men will be missed if extragenital testing is not performed (11, 12).
Hidden N. gonorrhoeae infections may facilitate ongoing transmission, although the
extent of underdiagnosis and undertreatment of extragenital N. gonorrhoeae infections
remains unknown (6, 10-13). In addition, oropharyngeal infections are thought to have
a key role in antimicrobial resistance (AMR) development in N. gonorrhoeae because of
the common presence of commensal Neisseria species that readily exchange DNA (14).

Aside from poor access to health care and high-risk behavior, the transmissibility of
N. gonorrhoeae can also be linked to bacterial load, as a higher inoculum dose in an
experimental infection study resulted in higher infection probability (2, 15). The site of
infection and symptoms could also be associated with N. gonorrhoeae bacterial load.
Previous studies have demonstrated a higher N. gonorrhoeae load in urethral infections
of symptomatic men and anorectal infections of symptomatic MSM (16, 17). Lower N.
gonorrhoeae load was observed in oropharyngeal swabs of MSM than in urethral and
anorectal swabs (16, 17). However, these studies were relatively small, and no study has
assessed the N. gonorrhoeae bacterial load in women in relation to symptoms.

Therefore, the aim of this study was to assess the bacterial load of N. gonorrhoeae
at three different anatomical sites (urogenital, anorectal, and oropharyngeal) in a large
population of women, heterosexual men, and MSM visiting a large STI clinic. Bacterial
loads were compared between sample materials and associations with symptoms were
assessed. Results might provide insights in the transmission potential of different
anatomical sites in women and men and might also inform testing guidelines for
clinical practice.

MATERIALS AND METHODS

Study population and procedures. The South Limburg public health service STI clinic offers STI
testing for patients with high-risk of acquiring an STI free of charge. Between January 2012 and July 2017,
N. gonorrhoeae was diagnosed in 923 individuals, yielding data from 1,095 consultations for retrospective
analysis. The N. gonorrhoeae positivity rates in this time frame were 1.7% in women, 1.7% in heterosexual
men, and 12.0% in MSM. Patients were tested urogenitally for N. gonorrhoeae using first-void urine (men)
or a self-collected vaginal swab (women). According to regular STI clinic guidelines, MSM were routinely
and systematically tested at both anorectal and oropharyngeal sites (18). However, heterosexual men
and women were tested extragenitally when reporting symptoms or receptive anal sex (women) or oral
sex in the last 6 months (18). Patients were requested to collect a self-taken anorectal swab or a
nurse-taken oropharyngeal swab for extragenital testing. A standardized medical and sexual history was
routinely taken by nurses for all patients, including self-reported symptoms and sexual behavior in the
last 6 months. Urogenital symptoms were defined as one or more of the following: genital discharge,
bleeding, itching, swelling, pain, burning sensation, and more frequent urination. Anal symptoms were
defined as rectal discharge, bleeding, pain, and itching. Any oropharyngeal symptoms were defined as
symptomatic. We excluded samples (n = 215) from consultations that had missing data on the Cobas
4800 CT/NG test (Roche Diagnostics, Basel, Switzerland) quantification cycle (Cq) value, sexual risk group,
symptoms, and number of sex partners in the previous 6 months, leaving 944 consultations (800
individuals) and 1,265 samples for analysis (see Fig. S1 in the supplemental material).

N. gonorrhoeae diagnosis and bacterial load. All samples were tested for N. gonorrhoeae with the
Cobas 4800 CT/NG test. This assay targets a direct repeat region called DR-9 that is specific for N.
gonorrhoeae (19). The Cobas test utilizes amplification using two sets of primers and probes to detect two
highly conserved variations within the DR-9 region. Little variation is expected between N. gonorrhoeae
strains, because this assay is not prone to copy number variation and the targets are highly conserved.
Therefore, bacterial load can be quantified by interpolation of Cq values to a standard curve with known
concentrations of N. gonorrhoeae. For quantification, a standard curve was made for each specimen type
(e.g., swab or urine) as the Cobas 4800 CT/NG test requires different volumes of input material (20). N.
gonorrhoeae suspension from log-phase culture was spiked (100 wl) and serially diluted 10-fold. A part
of the suspension was plated to determine the amount of N. gonorrhoeae by counting the colonies
resulting in n CFU per ml. To resemble urine samples, 5 ml of an N. gonorrhoeae-negative male urine pool
was added and stabilized before N. gonorrhoeae was spiked.

Data analysis. We performed a retrospective data analysis of the bacterial loads of 1,265 N.
gonorrhoeae-positive samples from 944 routine diagnostic consultations stratified by sample material
and sexual risk group (data available in Data Set S1). We binned the number of sex partners in the
previous 6 months in tertiles (0 to 2, 3 to 7, and =8). Descriptive statistics were used to describe the
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TABLE 1 Characteristics of the study population by sexual risk group

Characteristic Women (n = 197) Heterosexual men (n = 144) MSM? (n = 603) Total (n = 944)
Age (yr) (median [interquartile range]) 31 (22-44) 30 (23-47) 32 (24-45) 31 (23-45)

No. of N. gonorrhoeae-positive samples
within one patient (% [n])®

1 73.6 (145) 98.6 (142) 64.8 (391) 71.8 (678)
2 20.3 (40) 1.4 (2) 28.0 (169) 224 (211)
3 6.1 (12) 0.0 (0) 7.1 (43) 5.8 (55)
N. gonorrhoeae diagnosis (% [n])

Genital only 43.7 (86) 75.7 (109) 6.8 (41) 25.0 (236)
Anorectal only 5.1 (10) 0.0 (0) 32.8 (198) 22.0 (208)
Oropharyngeal only 24.9 (49) 22.9 (33) 25.2 (152) 24.8 (234)
Genital-anorectal 14.2 (28) 0.0 (0) 10.8 (65) 9.9 (93)
Genital-oropharyngeal 5.1 (10) 1.4 (2) 1.5 (9) 2.2 (21)
Anorectal-oropharyngeal 1.0 (2) 0.0 (0) 15.8 (95) 10.3 (97)
All three sites 6.1 (12) 0.0 (0) 7.1 (43) 5.8 (55)

Symptoms (any site) (% [n])

Asymptomatic 40.1 (79) 38.9 (56) 46.9 (283) 44.3 (418)

Symptomatic 59.9 (118) 61.1 (88) 53.1 (320) 55.7 (526)
Number of sex partners (% [n])

0-2 31.5 (62) 34.7 (50) 18.2 (110) 23.5 (222)

3-7 34.0 (67) 47.9 (69) 43.6 (263) 42.3 (399)

=8 34.5 (68) 17.4 (25) 38.1 (230) 34.2 (323)

aMSM, men who have sex with men.
bn, number of consultations.

proportion of concurrent N. gonorrhoeae infections at separate anatomical sites, symptoms, and number
of sex partners per sexual risk group and sample material. Bacterial load values were log,, transformed
for analyses and compared between sample materials using Student’s t tests (all combinations of two
sample materials). Using multivariable linear regression, the bacterial load comparison between sample
materials was adjusted for age, sexual risk group, symptoms, and number of sex partners. Bacterial loads
were also compared per sample material between sexes with a Student’s t test. Using multivariable linear
regression, the bacterial load comparison between sample materials and sexes was adjusted for age,
sexual risk group, symptoms, and number of sex partners. Next, associations between symptoms (i.e., the
dependent variable with the asymptomatic group as the reference group) and bacterial load (i.e., the
outcome) were assessed. Therefore, univariable and multivariable linear regression analyses were per-
formed on data stratified by sample material and sexual risk group. These models were adjusted for age
and number of sex partners in multivariable linear regression. A P value of less than 0.05 was considered
statistically significant. All analyses were performed using R statistical software, version 3.4.1 (R Foun-
dation for Statistical Computing, Vienna, Austria). Figures were made using the R package ggplot2
version 3.1.0.

Ethics. The Medical Ethical Committee of Maastricht University Medical Centre (MUMC+; number
METC 2017-2-0251) approved the study protocol, as only deidentified retrospective data from standard
care were used. Consultations were part of routine STI clinic procedures where individuals did not object
to the use of their samples and data for research. For this study, we used two retrospective databases
from the STI clinic and laboratory, with data collected within standard care.

RESULTS

Proportion of extragenital positivity. N. gonorrhoeae was detected in 944 routine
diagnostic consultations with 1,265 N. gonorrhoeae-positive samples, among which,
603 belonged to MSM, 144 to heterosexual men, and 197 to women (Table 1). In most
patients, only one sample was N. gonorrhoeae positive, irrespective of sexual risk group
(73.6% of women, 98.6% of heterosexual men, and 64.8% of MSM) (Table 1). Some
patients were N. gonorrhoeae positive at all three tested anatomical sites (55/944
[5.8%]). Extragenital-only, anorectal, or oropharyngeal N. gonorrhoeae-positive samples
were observed in 31.0% (61/197) of women, 22.9% (33/144) of heterosexual men, and
73.8% (445/603) of MSM who were diagnosed (Table 1). Of these, most of the women
(49/61 [80.3%]) and all heterosexual men were N. gonorrhoeae-positive only at the
oropharyngeal site.

N. gonorrhoeae bacterial loads compared between sample materials and sexes.
In total, 269 urine samples (genital site, men), 136 vaginal swabs (genital site, women),
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TABLE 2 Characteristics of the study population by sample material

Journal of Clinical Microbiology

% (no.) of samples

Category Urine (n = 269) Vaginal (n = 136) Anorectal (n = 453) Oropharyngeal (n = 407) Total (n = 1,265)
Sexual risk group
Women NA“ 100 (136) 11.5 (52) 17.9 (73) 20.6 (261)
Heterosexual men 413 (111) NA 0.0 (0) 8.6 (35) 11.5 (146)
MSMme 58.7 (158) NA 88.5 (401) 73.5 (299) 67.8 (858)
Symptoms
Asymptomatic 23.0 (62) 31.6 (43) 75.1 (340) 88.9 (362) 63.8 (807)
Symptomatic 77.0 (207) 68.4 (93) 24.9 (113) 11.1 (45) 36.2 (458)

aNA, not applicable, as no samples were collected as part of routine diagnostic procedures.
®MSM, men who have sex with men.

453 anorectal swabs, and 407 oropharyngeal swabs were available for analysis (Table 2).
The mean bacterial loads per sample material were as follows: urine samples, 4.5 = 1.0
log,, CFU/ml; vaginal swabs, 4.3 = 1.1 log,, CFU/ml; anorectal swabs, 4.4 * 1.3 log,,
CFU/ml; and oropharyngeal swabs, 3.1 = 1.0 log,, CFU/ml. Oropharyngeal swabs had a
lower mean load (16- to 25-fold lower) than all other sample materials (P < 0.001, t
tests), while no statistically significant difference was observed between the other
sample materials. The observation of lower load in oropharyngeal swabs persisted even
when corrected for age, sexual risk group, symptoms, and number of sex partners in a
linear regression model (P < 0.001).

Stratified by sex, the mean bacterial loads were as follows: urine samples, 4.5 = 1.0
log,, CFU/ml; vaginal swabs, 4.3 = 1.1 log,, CFU/ml; anorectal swabs of women,
4.0 = 1.2 log,, CFU/ml; anorectal swabs of men, 4.5 = 1.3 log,, CFU/ml; oropharyngeal
swabs of women, 2.8 + 0.9 log,, CFU/ml; and oropharyngeal swabs of men, 3.2 = 1.0
log,, CFU/ml (Fig. 1). Anorectal and oropharyngeal swabs from women had a signifi-
cantly lower load than those from men, 2.8-fold (P = 0.02) and 2.3-fold (P = 0.002),

8+

7

6+

5

44

NG load CFU/ml ( log1g)

04

Vaginal Urine Anorectal swab Anorectal swab
Women Men

Oropharyﬁgeal swab Orophary.ngeal swab
Women Men

FIG 1 Neisseria gonorrhoeae bacterial loads stratified by sample material and sex. Oropharyngeal NG bacterial load was lower than genital and anorectal N.
gonorrhoeae bacterial loads (P < 0.001). No significant difference was observed between the other sample materials. The small differences between women

and men can be explained by differences in age, symptoms, and number of sex partners.
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TABLE 3 Mean N. gonorrhoeae bacterial load and association of symptoms with N. gonorrhoeae bacterial load in women per sample

material
CFU/ml
Category n Mean log,, (SD) Alog,, (95% Cl)2 Adjusted Alog,, (95% Cl) Factor load
Vaginal
Asymptomatic 43 41 (%£1.1) Ref? Ref Ref
Symptomatic 93 44 (£1.0) 0.28 (—0.11-0.66) 0.22 (—0.17-0.61) 1.7
Anorectal
Asymptomatic 48 39 (%£1.2) Ref Ref Ref
Symptomatic 4 54 (*£0.8) 1.42 (0.20-2.65)¢ 1.67 (0.47-2.87)4 46.8
Oropharyngeal
Asymptomatic 67 2.8 (+0.9) Ref Ref Ref
Symptomatic 6 3.0 (£0.9) 0.16 (—0.57-0.89) 0.01 (—0.69-0.71) 1.0

aCl, confidence interval.
bRef, reference.

P < 0.05.

dp < 0.01.

respectively. However, these differences were not statistically different when corrected
for age, symptoms, and number of sex partners (P = 0.09 and P = 0.06, respectively).

Association between symptoms and N. gonorrhoeae bacterial load. Most ano-
rectal (75%) and oropharyngeal (89%) samples were from asymptomatic infections, but
only a minority of the genital samples (23% to 32%) were from asymptomatic infections
(Table 2). Genital symptoms were associated with a 3- to 5-fold higher bacterial load in
urine samples from men (heterosexual men, P < 0.001; MSM, P = 0.03) but not in
vaginal swabs from women (P = 0.26), in both univariable and multivariable linear
regression models (Tables 3 to 5). Associations of oropharyngeal symptoms with N.
gonorrhoeae bacterial load could not be assessed in heterosexual men, because no
symptoms were reported (Table 4). In both women (P = 0.007) and MSM (P < 0.001),
anorectal symptoms were associated with a higher N. gonorrhoeae bacterial load, 4-
and 47-fold, respectively. In contrast, oropharyngeal symptoms were not associated
with a higher N. gonorrhoeae load in either women (P = 0.99) or MSM (P = 0.06). The
results remained similar in analyses that were restricted to women (97/197) or MSM
(595/603) who were tested at both genital and extragenital sites, including in an
analysis corrected for the N. gonorrhoeae load at the concurrent sites (see Tables S1 and
S2 in the supplemental material).

DISCUSSION

This is the first study that determined the N. gonorrhoeae bacterial load in a large
group of women, heterosexual men, and MSM at three different anatomic sample sites
(urogenital, anorectal, and oropharynx). Oropharyngeal swabs had a significantly lower
bacterial load (16- to 25-fold) than all other sample materials, whereas the other sample

TABLE 4 Mean N. gonorrhoeae bacterial load and association of symptoms with N. gonorrhoeae bacterial load in heterosexual men

CFU/ml

Category n Mean log,, (SD) Alog,, (95% Cl)@ Adjusted Alog,, (95% ClI) Factor load
Urine

Asymptomatic 33 3.9 (£1.3) Reft Ref Ref

Symptomatic 78 47 (+0.9) 0.72 (0.31-1.14)¢ 0.74 (0.31-1.16)¢ 5.4
Oropharyngeal

Asymptomatic 35 3.1 (£1.0) NAd NA NA

Symptomatic 0 NA NA NA NA

aCl, confidence interval.

bRef, reference.

<P < 0.001.

9NA, not applicable, as no oropharyngeal symptoms were reported.
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TABLE 5 Mean N. gonorrhoeae bacterial load and association of symptoms with N. gonorrhoeae bacterial load in MSM per sample

material
CFU/ml
Category n Mean log,, (SD) Alog,, (95% Cl)@ Adjusted log,, (95% Cl) Factor load
Urine
Asymptomatic 29 43 (%£1.0) Ref® Ref Ref
Symptomatic 129 4.6 (£0.8) 0.36 (0.00-0.72)¢ 0.41 (0.04-0.77)¢ 25
Anorectal
Asymptomatic 292 4.3 (£1.3) Ref Ref Ref
Symptomatic 109 49 (+1.2) 0.57 (0.29-0.84)4 0.57 (0.30-0.85)4 3.8
Oropharyngeal
Asymptomatic 260 3.1 (+1.0) Ref Ref Ref
Symptomatic 39 3.5 (1.0 0.34 (0.00-0.67) 0.31 (—0.02-0.64) 2.1

aCl, confidence interval.
bRef, reference.

P < 0.05.

ap < 0.001.

materials had comparable bacterial loads. Also, N. gonorrhoeae bacterial load was
comparable in women and men per anatomical sample site. Genital symptoms were
associated with a higher N. gonorrhoeae bacterial load in urine samples from men but
not in vaginal swabs from women. Furthermore, anorectal symptoms were associated
with a higher bacterial load in anorectal swabs from both women and MSM, but no
difference was seen in oropharyngeal swabs. More than 70% of N. gonorrhoeae infec-
tions were single site infections, of which, 31% were anorectal only and 35% oropha-
ryngeal only. This implies a need for extragenital testing, at least in MSM. Moreover,
>60% of N. gonorrhoeae infections were asymptomatic, with a wide range between
genital (23% to 32%), anorectal (75%), and oropharyngeal (89%) infections.

We demonstrated that oropharyngeal swabs have on average a 16- to 25-fold lower
bacterial load than all other sample materials, which is in line with previous studies (16,
17). Next to sample material, N. gonorrhoeae load was associated with genital symp-
toms (18-fold) in men and anorectal symptoms in MSM (20-fold) in previous studies (16,
17). We observed associations of only 3- to 5-fold higher N. gonorrhoeae loads in urine
samples from men with genital symptoms and 4- to 47-fold higher N. gonorrhoeae
loads in anorectal swabs from women and MSM with anorectal symptoms. No signif-
icant association in women reporting genital symptoms was found, possibly due to the
difficulty of recognizing genital symptoms compared to that for men (7). The large
difference in results between our study and previous studies could be explained by
differences in analytical methods, sample materials, and study population. The strong
association of N. gonorrhoeae load with symptoms in anorectal swabs from women in
our study (47-fold) is likely due to the low number of samples from women reporting
anal symptoms (n = 4), resulting in a large variation in the estimates (Table 3).

To interpret the N. gonorrhoeae load of this study, in our opinion, the only relevant
comparison could be with the reported infectious doses of experimental gonococcal
infection studies. Hobbs et al. described that a high N. gonorrhoeae inoculum load is
associated with higher infection probability in experimental gonococcal infections in
male volunteers (15). N. gonorrhoeae was inoculated in the urethra by instillation of 0.2
to 0.3ml N. gonorrhoeae suspension. A 50% infectious dose (IDs,), defined as the
concentration of an infectious dose of a single exposure needed to infect half of
the volunteers, of 3.3 log,, CFU for the MS11mkC strain and one of 5 log,, CFU for the
FA1090 strain were estimated. To compare the N. gonorrhoeae loads of the present
study with the reported IDs,, the IDs, dose was divided by the volume of the
suspension (average of 0.25 ml), resulting in 3.9 log,, CFU/ml for the MST1mkC strain
and 5.6 log,, CFU/ml for the FA1090 strain. This would imply that all three anatomical
sites have sufficient transmission potential, as the mean N. gonorrhoeae load (3.1 to 4.5
log,, CFU/ml) is comparable with the D5, doses. It would also mean that asymptomatic
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N. gonorrhoeae infections would have a N. gonorrhoeae load that is sufficient for
transmission, as the mean bacterial load was 2.8 to 4.3 log,, CFU/ml in both women
and men (Tables 3 to 5). These comparisons and 1D, doses should be interpreted with
caution, because the reported inocula of the experimental infection needed for infec-
tion varied between studies, most likely because of the inoculation procedures (21).
Also, the large difference in IDs,s between the MST1mkC and FA1090 strains found in
the study of Hobbs et al. suggests that infection is not solely driven by bacterial load
(15, 22). In addition, we determined the N. gonorrhoeae load of an anatomical site, but
this does not necessarily reflect the transmitted N. gonorrhoeae load per sexual act.

In our study, we observed that 65% of N. gonorrhoeae infections in MSM were
single site infections, of which, 33% were anorectal only and 25% oropharyngeal
only, confirming the need for extragenital testing in MSM. Potentially, we demon-
strate the need for testing in women and heterosexual men, as high proportions of
oropharyngeal-only infections were found (Table 1). However, women and hetero-
sexual men were not systemically tested at genital and extragenital sites but on
indication such as a history of direct exposure by anal or oral sex or symptoms. This
could introduce bias and elevate the proportion of extragenital-only infections in
women and heterosexual men. Moreover, >60% of N. gonorrhoeae infections are
asymptomatic, with a wide range between genital (23% to 32%), anorectal (75%), and
oropharyngeal (89%) infections. Asymptomatic infections may potentially lead to un-
noticed transmission of N. gonorrhoeae and would be unnoticed when routine testing
is not applied (as in heterosexual men and in women) (23). Even though the oropha-
ryngeal site might have a lower transmission potential per sexual exposure due to the
lower mean N. gonorrhoeae bacterial load, an oropharyngeal N. gonorrhoeae infection
could have a profound role in transmission (16, 24, 25). First, oral sex is a common
sexual practice in women, heterosexual men, and MSM (11). Second, kissing and saliva
use as lubricant have also been proposed as a plausible route of transmission, as
substantial amounts of N. gonorrhoeae were detected in the saliva of MSM (24, 26). In
addition, oropharyngeal infections are thought to have a key role in the AMR devel-
opment in N. gonorrhoeae because of the common presence of commensal Neisseria
species that readily exchange DNA (14). As the estimated median duration of oropha-
ryngeal N. gonorrhoeae infection is at least 15 weeks, it could be a reservoir for onward
transmission and antimicrobial-resistant strains (14, 27, 28).

One of the strengths of this study is the diversity of the study population, achieved
by including women and heterosexual men along with MSM and the routine extra-
genital testing in MSM. One of its weaknesses is that women and heterosexual men
were not routinely tested extragenitally, thereby potentially underestimating the rela-
tive number of extragenital N. gonorrhoeae infections. Generalizability might be diffi-
cult, as only high-risk individuals for acquiring an STl were studied (10). In addition, the
volume of first-void urine taken per consultation can vary, and that could have an
impact on the determined N. gonorrhoeae bacterial load in a sample. This could also
explain the large range of observed bacterial load in urine samples in Fig. 1.

In conclusion, our results suggest that all anatomical sample sites may have a role
in transmission because of the substantial N. gonorrhoeae load. Oropharyngeal N.
gonorrhoeae infections might have a smaller role, as the mean bacterial load is lower.
It would also imply that a N. gonorrhoeae infection is equally relevant in women and
men, as there is no difference in bacterial load. Oropharyngeal infections should be
monitored, since they are frequently single infections, mostly asymptomatic, and could
be involved in the AMR development of N. gonorrhoeae. Furthermore, extragenital
testing should be systematically implemented in routine diagnostics, at least in MSM,
to reduce missed infections and help improve N. gonorrhoeae control.
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