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A B S T R A C T

Introduction: Outbreaks of invasive meningococcal disease (IMD) among men who have sex with men
(MSM) caused by a hypervirulent, non-encapsulated Neisseria meningitidis (Nm) clone belonging to
genogroup C have been described. We aimed to determine the oral and anal carriage rates and
genogroups of Nm among MSM living with HIV.
Methods: Sexually active MSM living with HIV were included. A questionnaire, an oral wash sample and
an anal swab were collected at baseline and 12 months follow-up. Identification of Nm and genogrouping
was performed using real-time polymerase chain reaction analysis.
Results: Among 82 MSM, the Nm carriage rate was 31.7% (95% CI 21.9–42.9) at baseline. The oral carriage
rate was 24.4% (95% CI 15.6–35.1) and the anal rate was 11.0% (95% CI 5.1–19.8). Non-groupable Nm were
most prevalent followed by genogroup B and genogroup Y. Rates were similar at follow-up.
Conclusion: Strains of Nm were detected in both oral washes and anal samples in our study. Our results
suggest that Nm may be transmitted sexually among MSM. Non-groupable Nm were predominant in our
population and no genogroup C Nm were detected.
© 2021 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-

nd/4.0/).

Introduction

Outbreaks of invasive meningococcal disease (IMD) among men
who have sex with men (MSM) in the US and Europe have been
described in recent years (Aubert et al., 2015; Folaranmi et al.,
2017; Kamiya et al., 2015; Ladhani et al., 2020; Marcus et al., 2013;
Miglietta et al., 2018; Nanduri et al., 2016; Simon et al., 2013). The
outbreaks have mainly been caused by a hypervirulent and non-
encapsulated Neisseria meningitidis (Nm) genogroup C belonging to

the ST-11 clonal complex, which appear to be adapted for survival
in anaerobic environments, such as the urogenital and anorectal
tracts (Ladhani et al., 2020). Clusters of Nm urethritis caused by a
non-encapsulated distinct clade within this lineage have also
emerged primarily among heterosexual males in the United States.
Prolonged close contact, such as kissing, sharing drinks or drugs or
attending clubs, may facilitate oropharyngeal Nm transmission,
while engaging in oro-genital sex may enable transmission of Nm
from the oropharynx to the urogenital and anorectal tracts
(Ladhani et al., 2020; Miglietta et al., 2018).

A cross sectional carriage study following an outbreak of Nm
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Table 1
Study population characteristics at baseline (N = 82) and follow-up (N = 72); total and according to Neisseria meningitidis carriage status.

Baseline Follow-up

Total Carriage Non-carriage p-Value Total Carriage Non-carriage p-Value
N = 82 (100%) N = 26 (32%) N = 56 (68%) N = 72 (100%) N = 24 (33%) N = 48 (67%)

Age (median) 42 40 43 43 43 44
Interquartile range 35–45 35–47 35–45 0.94 38–46 36–49 38–46 0.91
Country of origin
Denmark 68 (84) 23 (88) 45 (82) 59 (83) 19 (79) 40 (85)
Other 13 (16) 3 (12) 10 (18) 0.66 12 (17) 5 (21) 7 (15) 0.77
missing 1 0 1 1 0 1
Civil status
Single 43 (52) 11 (42) 32 (57) 39 (54) 13 (54) 26 (54)
In a relationship 39 (48) 15 (58) 24 (43) 0.31 33 (46) 11 (46) 22 (46) 1.00
Education
Primary school 4 (5) 2 (8) 2 (4) 3 (4) 2 (8) 1 (2)
Vocational education 19 (23) 5 (19) 14 (25) 16 (23) 6 (25) 10 (21)
Upper secondary education 7 (8) 4 (15) 3 (5) 7 (10) 2 (8) 5 (10)
Bachelor degree 31 (38) 7 (27) 24 (43) 25 (35) 6 (25) 20 (42)
Master degree 21 (26) 8 (31) 13 (23) 0.35 20 (28) 8 (33) 12 (25) 0.54
Tobacco
Smoker 35 (43) 8 (32) 27 (48) 28 (41) 11 (48) 17 (37)
Ex-smoker 16 (20) 6 (24) 10 (18) 14 (20) 6 (26) 8 (17)
Never 30 (37) 11 (44) 19 (34) 0.40 27 (39) 6 (26) 21 (46)
Missing 1 1 0 3 1 2 0.28
Alcohol (drinks per week)
<14 75 (93) 24 (96) 51 (91) 64 (91) 21 (88) 43 (93)
>14 6 (7) 1 (4) 5 (9) 0.75 6 (9) 3 (13) 3 (7) 0.64
Missing 1 1 0 2 0 2
Substance use within past 6
months

No 58 (73) 18 40 52 (74) 19 (79) 33 (70)
Yes 22 (27) 6 16 0.78 19 (26) 5 (21) 14 (30) 0.60
Missing 2 2 0 1 0 1
CD4 count (median, cells/mm3) 679 645 684 670 652 700
Interquartile range 550–888 510–895 585–880 0.53 558–791 561–765 556–839 0.47
HIV-RNA
<50 copies/mL 71 (92) 23 (96) 48 (91) 59 (95) 21 (95) 38 (95)
>50 copies/mL 6 (8) 1 (4) 5 (9) 0.73 3 (5) 1 (5) 2 (5) 1.00
Missing 5 3 2 10 2 8
Number of sexual partners since
sexual debut

1–50 17 (21) 5 (19) 10 (18) 20 (28) 7 (29) 13 (27)
51–100 24 (29) 5 (19) 12 (21) 22 (30) 9 (38) 13 (27)
101–500 26 (32) 8 (31) 18 (32) 14 (20) 6 (35) 8 (17)
>500 15 (18) 8 (31) 16 (29) 0.99 16 (22) 2 (8) 14 (29) 0.23
Number of sexual partners within
past 6 months

1 22 (27) 5 (19) 13 (23) 19 (27) 8 (33) 11 (23)
2-5 27 (33) 4 (15) 18 (32) 18 (26) 8 (33) 10 (21)
6-10 15 (18) 11 (42) 16 (29) 16 (21) 3 (13) 13 (28)
>11 18 (22) 6 (23) 9 (16) 0.32 18 (26) 5 (21) 13 (28) 0.33
Number of sexual partners within
past month

0 0 0 0 3 (4) 2 (8) 1 (2)
1 42 (52) 12 (46) 31 (56) 32 (46) 14 (58) 18 (38)
2-5 31 (38) 11 (42) 19 (34) 20 (27) 4 (17) 16 (34)
>5 8 (10) 3 (12) 5 (9) 0.50 16 (23) 4 (17) 12 (26) 0.16
Missing 1 0 1
Participating in oral sex
No 1 (1) 1 (4) 0 (0) 2 (3) 0 (0) 2 (4)
Yes 79 (99) 24 (96) 55 (100) 0.33 70 (97) 24 (100) 46 (96) 0.55
Missing 2 1 1
Condom use during oral sex
No 76 (96) 23 (96) 53 (96) 66 (94) 23 (96) 43 (94)
Yes 3 (4) 1 (4) 2 (4) 1.00 4 (6) 1 (4) 3 (6) 1.00
Missing 3 2 1 2 0 2
Role in anal intercourse
Active 8 (10) 2 (8) 6 (11) 9 (13) 4 (17) 5 (10)
Passive 15 (18) 2 (8) 13 (23) 14 (20) 3 (12) 11 (21)
Both 59 (72) 22 (84) 37 (66) 0.22 49 (67) 17 (71) 32 (67) 0.51
Sex without condom the past
month

No 21 (26) 6 (23) 15 (27) 23 (33) 12 (50) 11 (24)
Yes 61 (74) 20 (77) 41 (73) 0.93 46 (67) 12 (50) 35 (76) 0.053
Missing 0 0 0 2 0 2
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The pharyngeal meningococcal carriage rate among MSM with or
without HIVhave been reportedin the range of 15 to 43% (Carlinet al.,
1997; Janda et al., 1980; Russell et al., 1995) and an anal or rectal
carriage rate between 2 and 4.5% (Chapel et al., 1977; Janda et al.,
1980). Screening studies in sexual health clinics have shown a higher
prevalence of anogenital Nm isolation among MSM than heterosex-
ual men, and Nm was more likely to be isolated from the anus than
the urethra among MSM (Ladhani et al., 2020).

IMD is considered a rare entity in healthy humans, but people
living with HIV (PLWH) have been shown to be at increased risk
(Cohen et al., 2010; Harris et al., 2016; Miller et al., 2014; Simmons
et al., 2015) and HIV infection could be an important factor in the
increased risk of IMD among MSM (Bozio et al., 2018; Folaranmi
et al., 2017). The US authorities have recently recommended the
meningococcal conjugate vaccine against serogroups A, C, W and Y
to all PLWH, referring to a growing body of evidence for an
increased risk of meningococcal disease among PLWH (MacNeil
et al., 2016).

The aim of the current study was to determine the oral and anal
carriage rate and genogroups of Nm among sexually active MSM
living with HIV and to assess whether certain sexual behaviors
were associated with carriage.

papillomavirus infection in sexually active MSM living with HIV:
Prevalence, incidence, clearance and risk factors) study at four
university-affiliated hospitals (Odense, Hvidovre, Aarhus and
Copenhagen) in Denmark during 2014–2015. The study was
designed as a cross-sectional study with prospective inclusion and
included two visits, at baseline and at 12 months follow-up.
Participants were recruited for the study at a routine HIV clinic
visit at one of four departments of Infectious Diseases in Denmark
and included in the study after oral and written consent was
obtained. Inclusion criteria involved identifying as MSM living
with HIV, aged 18 to 50 years and having had at least one sexual
partner within the last month; no prior diagnosis of anal-, penile-
or oropharyngeal cancer and ability to give informed consent to
participate in the study. Exclusion criteria were any alcohol or
substance abuse that could potentially prevent the study subject
from presenting at follow-up.

Data and sample collection

At baseline and follow-up, study participants completed a
questionnaire targeted at demographic and lifestyle factors, such
as smoking, alcohol and sexual behavior. Meningococcal vaccina-
tion history was not available. Oral wash samples and anal swab

Table 1 (Continued)

Baseline Follow-up

Total Carriage Non-carriage p-Value Total Carriage Non-carriage p-Value
N = 82 (100%) N = 26 (32%) N = 56 (68%) N = 72 (100%) N = 24 (33%) N = 48 (67%)

Sex without condom the past
week

No 49 (60) 14 (54) 35 (62) 39 (56) 15 (65) 24 (52)
Yes 33 (40) 12 (46) 21 (38) 0.62 30 (44) 8 (35) 22 (48) 0.44
Missing 0 0 0 3 1 2
Received treatment for syphilis
(yes)

Ever 35 (43) 13 (50) 22 (40) 0.54 36 (50) 10 (42) 26 (55) 0.40
Within past 6 months 10 (12) 4 (16) 6 (11) 0.76 8 (11) 1 (4) 7 (15) 0.34
Received treatment for gonorrhea
(yes)

Ever 26 (32) 10 (39) 16 (29) 0.52 27 (37) 8 (33) 19 (40) 0.75
Within past 6 months 5 (6) 2 (8) 3 (5) 1.00 4 (6) 1 (4) 3 (6) 1.00
Received treatment for chlamydia
(yes)

Ever 35 (43) 12 (46) 23 (42) 0.90 28 (40) 4 (17) 25 (53) 0.005
Within past 6 months 10 (12) 2 (8) 8 (15) 0.65 6 (9) 0 (0) 6 (13) 0.09
Received treatment for penile
herpes (yes)

Ever 4 (5) 3 (12) 1 (2) 1.00 3 (4) 1 (4) 2 (4)
Within past 6 months 1 (1) 0 (0) 1 (2) 1.00 0 (0) 0 0 1.00
Received treatment for anal
herpes (yes)

Ever 7 (9) 4 (16) 3 (5) 0.25 10 (14) 3 (13) 7 (15) 1.00
Within past 6 months 3 (4) 1 (4) 2 (4) 1.00 1 (1) 0 (0) 1 (2) 1.00
Received treatment for
condyloma (yes)

Ever 45 (55) 12 (46) 33 (59) 0.40 39 (55) 15 (63) 24 (51) 0.51
Within past 6 months 4 (5) 0 (0) 4 (7) 0.28 3 (4) 1 (4) 2 (4) 1.00
Within past month had sex in a
(yes)

Sauna 27 (33) 12 (46) 15 (27) 0.15 17 (24) 6 (26) 11 (23) 1.00
Toilet 3 (4) 1 (4) 2 (4) 1.00 4 (6) 2 (9) 2 (4) 0.60
Park 7 (9) 2 (8) 5 (9) 1.00 8 (12) 2 (9) 6 (13) 0.92
Rest area 3 (4) 1 (4) 2 (4) 1.00 5 (7) 1 (4) 4 (9) 0.89

Bold values is statistically significant values.
Methods

Study design

The study population consisted of 82 sexually active MSM
living with HIV; initially recruited for the PAPPIR (Human
339
samples were obtained.

Oral wash
10–15 mL of Scope mouthwash (Proctor and Gamble, Toronto,

Ontario, Canada) was gargled for 30 s. The oral wash was collected
in a container and stored at 4 �C until it was processed after a
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aximum of 10 days. The material was centrifuged for 10 min at
000 g and the pellet was washed with 10 mL of sterile phosphate
aline buffer (PBS). After another centrifugation for 10 min at 3000 g,
he pellet was dissolved in 1 mL PBS and stored at minus 20 �C.

nal swab
A sterile swab was used for swabbing approximately 3 cm into

he anal canal, rotated for 30 s, transferred to a sterile container
ith 1 mL of universal transport medium (UTM) (Copan, Brescia,

taly) and stored at minus 20 �C.

NA extraction and PCR analysis

All laboratory analyses were performed at Statens Serum
nstitute, Denmark. Nucleic acids were extracted from 200 mL of
ral wash sample and 200 mL of anal swab material with a MagNA
ure LC Instrument applying the MagNA Pure LC Total Nucleic Acid
solation Kit (Roche diagnostics, Mannheim, Germany). All
xtracted DNA was stored at minus 20 �C.
Meningococcal species identification and genogrouping was

one according to protocols described by the Centers for Disease
ontrol (CDC) (Atlanta, Georgia, USA) (CDC, 2011). Identification of
m was performed using a real-time PCR-analysis targeting the
eningococcal-capsular transport gene ctrA. Positive samples
ere genogrouped using a real-time PCR targeting the capsular
enes for genogroups A, B, C, W, Y and X.
A cycle threshold (CT) value <45 was considered positive. All

amples with CT values >45 were considered negative.

tatistical analysis

The prevalence of Nm carriage was defined as the number of
articipants with at least one PCR positive sample (oral and/or
nal) at baseline or follow-up divided by the total study
opulation at baseline or follow-up, respectively. Descriptive
tatistical analyses were performed to evaluate the baseline
haracteristics of the study population. The age of participants
t follow-up and the exact date of follow-up were not
egistered. Thus, we calculated age at follow-up as the age
f participants at baseline plus 12 months. Categorical values
re presented as numbers (percentages) and continuous
ariables as medians (interquartile ranges, IQR). Character-
stics are described for the total population and according to
arriage status using chi-square test. When numbers were
ower than five in one or more cells, Monte Carlo simulation
as used to simulate the p-value based on 2000 replicates. The
ignificance threshold was set at .05. Associations between Nm
arriage and variables of interest were performed using
nivariate logistic regression.

ub analyses
Univariate logistic regression was performed on PCR positive

nal samples, oral samples and genogrouped samples separately to
xplore any associations between these positive samples and
exual behavior variables.
All statistical analyses were performed using R software version

.2.3 (R Foundation for Statistical Computing, Vienna, Austria).

esults

At baseline, the median age was 42 years (IQR 35–45). The
majority (83%) originated from Denmark and 52% were single. All
patients received antiretroviral therapy and the majority (92%) had
an undetectable viral load of HIV-RNA below 50 copies/mL (data
not shown). Median CD4 count was 679 cells/mm3 (IQR 550–888).
Ninety-five percent had an educational background that exceeded
primary school. Forty-three percent were smokers and 27%
reported some form of substance use within in the past six months.

Regarding sexual history, 79% reported having had more than
50 partners since their sexual debut and 49% more than 1 partner
within the last month. Everyone but one patient confirmed
participating in oral sex, with 4% using condoms when having oral
sex. Furthermore, 74% had unprotected sex within the past month
and a third of patients reported having had sex in a sauna within
the past month. More than half (55%) of the study population had
received treatment for condylomas, 43% had been treated for
syphilis, 43% for chlamydia and 32% for gonorrhea at some point in
their life.

Study population characteristics at follow-up were similar
except for minor differences, such as a slightly higher proportion of
patients being single.

Prevalence of meningococcal carriage and genogroups

At baseline, twenty-six out of 82 patients had ctrA PCR positive
samples corresponding to an overall carriage rate of 31.7% (95% CI
21.9–42.9) of meningococcal strains with the capsular gene.
Twenty of the 26 positive samples were oral washes equivalent
to an oral carriage rate of 24.4% (95% CI 15.6–35.1) and nine were
anal swabs – corresponding to an anal carriage rate of 11.0% (95% CI
5.1–19.8) (Table 2) Consequently, positive samples were detected
in both the oral wash and anal sample of three patients at baseline.
All positive anal swabs were non-groupable. Eight oral samples at
baseline were genogroup B (MenB) corresponding to a MenB

Table 2
Neisseria meningitidis carriage rates according to body site at baseline (N = 82) and
follow-up (N = 72).

Carriage rates according to body site at baseline (N = 82) and follow-up (N = 72)

Body site Baseline, % (N) Follow-up, % (N)

All 31.7 (26) 33.3 (24)
Oral 24.4 (20) 26.4 (19)
Anal 11.0 (9) 10.0 (7)a

a 7 out of 70 samples, as two anal samples were missing at follow up.

Table 3
Overview of number of negative (�) and positive (+) samples of Neisseria
meningitidis and genogroup.

Samples (N) Baseline Follow-up

38 � �
10 + �
8 � +
7 � (missing)
4 B B
4 + +
3 B +
2 � B
2 + (missing)
1 B (missing)

1 Y +
1 + B
1 � Y

� = ctrA negative samples.
+ = ctrA positive sample, but non-groupable.
B = genogroup B.
Y = genogroup Y.
tudy population characteristics

Eighty-two MSM living with HIV were enrolled in the study and
2 (87.8%) participants completed the 12 months follow-up visit.
eneral characteristics of the study population at baseline and
ollow-up are summarized in Table 1.
340



Table 4
Univariate analysis of factors associated with meningococcal colonization among HIV positive men who have sex with men.

Baseline (N = 82) Follow-up (N = 72)

OR 95% CI p-Value OR 95% CI p-Value

Age
<40 years ref – – ref – –

>40 years 0.9 0.3–2.2 0.76 0.8 0.3–2.1 0.61
Country of origin
Denmark ref – – ref – –

Other 0.6 0.2–2.3 0.45 1.5 0.4–5.4 0.53
Civil status
Single ref – – ref – –

In a relationship 1.8 0.7–4.7 0.21 1.0 0.4–2.7 1.00
Education
Primary school ref – – ref – –

Vocational education 0.4 0.0–3.3 0.36 0.3 0.0.4.1 0.37
Upper secondary education 1.3 0.1–15.7 0.82 0.2 0.0–3.7 0.28
Bachelor degree 0.3 0.0–2.5 0.26 0.2 0.0–2.0 0.15
Master degree 0.6 0.1–5.3 0.66 0.3 0.0–4.3 0.40
Tobacco
Smoker ref – – ref – –

Ex-smoker 2.0 0.6–7.3 0.28 1.2 0.3–4.3 0.82
Never 2.0 0.7–5.9 0.23 0.4 0.1–1.4 0.18
Alcohol (drinks per week)
<14 ref – – ref – –

>14 0.4 0.1–3.8 0.45 2.1 0.4–11.0 0.40
Drug use within the past 6 months
No ref – – ref – –

Yes 0.8 0.3–2.5 0.74 0.6 0.2–2.0 0.42
Number of sexual partners since sexual debut
1–50 ref – – ref – –

51–100 1.2 0.3–4.6 0.79 1.4 0.3–5.7 0.64
101–500 1.1 0.3–4.1 0.92 1.3 0.4–4.5 0.69
>500 1.2 0.3–5.4 0.81 0.3 0.1–1.5 0.14
Number of sexual partners within past 6 months
1 ref – – ref – –

2–5 3.1 0.8–11.7 0.10 1.1 0.3–4.0 0.88
6–10 3.0 0.7–13.4 0.15 0.3 0.1–1.5 0.15
>11 1.7 0.4–7.7 0.47 0.5 0.1–2.1 0.36
Number of sexual partners within past month
0 – – – ref – –

1 ref – – 0.4 0.0–4.7 0.46
2–5 1.8 0.7–4.8 0.26 0.1 0.0–1.8 0.12
>5 1.7 0.4–9.3 0.52 0.2 0.0–2.4 0.19
Condom use during oral sex
No ref – – ref – –

Yes 1.2 0.2–13.4 0.91 0.6 0.1–6.3 0.69
Role in anal intercourse
Active ref – – ref – –

Passive 0.5 0.1–4.1 0.49 0.4 0.1–2.1 0.25
Both 1.8 0.3–9.6 0.50 0.7 0.2–2.8 0.58
Sex without condom the past month
No ref – – ref – –

Yes 1.2 0.4–3.6 0.72 0.3 0.1–0.9 0.031
Sex without condom the past week
No ref – – ref – –

Yes 1.4 0.6 3.7 0.6 0.2–1.6 0.31
Received treatment for syphilis (yes*)
Ever 1.5 0.6–3.8 0.40 0.6 0.2–1.6 0.28
Within past 6 months 1.6 0.4–6.2 0.51 0.3 0.0–2.2 0.21
Received treatment for gonorrhea (yes*)
Ever 1.6 0.6–4.2 0.37 0.7 0.3–2.1 0.56
Within past 6 months 1.5 0.2–9.8 0.65 0.6 0.1–6.5 0.70
Received treatment for chlamydia (yes*)
Ever 1.2 0.5–3.1 0.71 0.2 0.1–0.6 0.005
Within past 6 months 0.5 0.1–2.6 0.42 0 0–1 0.99
Received treatment for penile herpes (yes*)
Ever 7.5 0.7–76.1 0.09 0.9 0.1–11.4 0.98
Received treatment for anal herpes (yes*)
Ever 3.4 0.7–16.3 0.13 0.8 0.2–3.5 0.78
Received treatment for condyloma (yes*)
Ever 0.6 0.2–1.5 0.28 1.6 0.6–4.4 0.36
Within past month had sex in a (yes*)
Sauna 2.3 0.9–6.1 0.10 1.2 0.4–3.7 0.77
Toilet 1.1 0.1–12.5 0.95 2.2 0.3–16.3 0.46
Park 0.9 0.2–4.7 0.86 0.6 0.1–3.5 0.62
Rest area 1.1 0.1–12.5 0.95 0.5 0.1–4.5 0.53

Bold values is statistically significant values.
* Reference group = No.
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arriage rate of 9.8% (95% CI 4.3–18.3). One sample was genogroup
 (MenY) (Table 3).
At follow-up, the overall carriage rate of strains with capsular

ene was 33.3% (95% CI 22.7–45.4; N = 24/72) broken down by 19
ositive oral samples and seven positive anal samples (Table 2).
wo patients carried Nm both orally and anally. All positive anal
amples were non-groupable, while seven oral samples at follow-
p were MenB (9.7%, 95% CI 4.0–19.0) and one was MenY. Twelve
atients were colonized at both baseline and follow-up, and four of
hese twelve patients were MenB positive at both baseline and
ollow-up (Table 3).

actors associated with colonization

According to carriage status, fewer Nm carriers (17%) had been
reated for chlamydia compared to non-carriers (53%) at follow-up
orresponding to an OR of 0.2 (p = 0.005) of carrying Nm when
aving been treated for chlamydia at some point in life. Further,
ewer Nm carriers (50%) at follow-up reported having had sex
ithout a condom the past week than non-carriers (73%),
orresponding to an OR of 0.3 (p = 0.031) of carrying Nm among
hose reporting unsafe sex compared to those using a condom
ithin the past week (Table 4).
No clear associations between colonization and other sexual

ehaviors, CD4 count, HIV viral load or substance use were found.

ub-analyses

No significant associations were found between carriage of oral,
nal or genogrouped samples, respectively, and variables of
nterest regarding HIV status, substance use and sexual behavior.

iscussion

The carriage rates of 31.7–33.3% of meningococcal strains with
apsular genes (ctrA) in our population of HIV positive MSM with a
ean age of 42 years could be regarded as high compared to

eporting on Nm carriage rates from the general population. In
urope, pharyngeal carriage rates are very low during the first
ears of life, then peak during adolescence and young adulthood to
pproximately 24% and are lower than 10% in adults above 50 years
f age (Christensen et al., 2010). In closed or semi-closed settings
nd during outbreaks, however, carriage rates may be higher. The
opulation in this study could be considered a semi-closed group
ith high-risk behaviors in terms of smoking, drug use and high
umber of social contacts, which are associated with meningo-
occal transmission (Peterson et al., 2018). Further, the PCR
ethods applied to our samples have a higher sensitivity than
ulture-based techniques, which may have been the primary
ethods of some previous reports. Also, the oral Nm carriage rates
f 24.4–26.4% in our study agree well with prior findings on
haryngeal Nm carriage among adult MSM (Carlin et al., 1997;
anda et al., 1980; Russell et al., 1995).

We found anal carriage of ctrA positive strains of meningococci
uggesting that Nm may be transmitted sexually among MSM. A
ecent review on meningococcal disease and sexual transmission
tates that meningococcal colonisation and infection of the
rogenital and anorectal tracts are more common than previously
ecognised and more prevalent among MSM than people having
eterosexual sex (Ladhani et al., 2020). All anal samples in our

lack ctrA (CDC, 2011). Thus, actual carriage rates may be under-
estimated when using this method – especially urethral or anal
carriage of Nm as the loss of capsule has been proposed to facilitate
the adaption to the urogenital niche (Ladhani et al., 2020). Eleven
of the 16 positive anal samples in our study had a Ct value of 38 and
the remaining five samples had Ct values in the range of 39–42.
These relatively high Ct values could point to a low bacterial load,
but also a risk of nonspecific reactivity in the specimen.
Nevertheless, we did detect a genogroup in two oral samples
with Ct values of 36 and 38, confirming that these samples were
true positives and not a false signal.

No MenC appeared among the study group, which corresponds
with other reports from Europe that genogroup C has a low
nasopharyngeal carriage prevalence – even in the setting of recent
MenC outbreaks (Conyn-van Spaendonck et al., 1999; Fernández
et al., 1999; Meningococcal Carriage Study Group et al., 2019;
Rønne et al., 1993). It has been hypothesized that hyperinvasive
lineages such as CC-11 are poor colonizers, whereas other clones
are carried for a longer duration of time and thereby facilitate
identification in carriage studies (Caugant et al., 2007). Four
patients had genogroup B carriage at both baseline and 12-month
follow-up, which may represent a long-lasting carrier state but
could also suggest new acquisition.

Our finding that MenB, MenY and non-groupable Nm was
prevalent among our study population resembles the results from
the carriage study performed in Italy following a MenC outbreak
(Meningococcal Carriage Study Group et al., 2019). Further,
participants who had had same sex intercourse within a month
of pharyngeal swab sampling had a MenB carriage rate of 4.8%. This
was considerably higher than the MenB carriage rate found in the
general study population (1.8%). According to a recent review of
meningococcal carriage in high-risk settings, MenB pharyngeal
carriage rates in studies among university students range from 0.8
to 9.4% and among military personnel from 0.3 to 6.8% (Peterson
et al., 2018). Although comparisons between studies should be
made with caution due to differences in laboratory methods, study
design, participant characteristics and seasonal variation, accord-
ing to these numbers the MenB carriage rate of 9.8% in our study
population is relatively high. High risk behaviour may contribute to
circulation of MenB within the MSM network and carriage rates
being as high or even higher than rates found in other high-risk
settings. However, we did not perform multilocus sequence
typing; hence we cannot comment on whether the MenB positive
samples belong to the same strain or not. It could be considered
valuable to add a MenB vaccine to the recommended vaccination
program for PLWH. MenB vaccines are unlikely to disrupt carriage
(Marshall et al., 2020), but could provide immunity from infection.
Further studies on genogroup carriage and IMD among PLWH are
however required to investigate whether MenB vaccination is cost-
effective in this population. Participants in our study who had ever
been treated for chlamydia had a significantly lower risk of
carrying Nm. This result was only seen at follow-up and not in
participants reporting treatment within the past six months,
which makes it unlikely to be due to eradication of Nm with
azithromycin or doxycycline. The finding could therefore be a type I
error due to our multiple hypothesis testing and lack of Bonferroni
adjustment. We abstained from controlling for family-wise error
rate to keep the analyses as explorative as possible. There seems to
be no logical explanation as to why we found significantly fewer
Nm carriers among those who had had sex without a condom
tudy were non-groupable and possible explanations include a
ower sensitivity of our genogrouping assay, carriage of a rare
enogroup not targeted by our assay, or carriage of a strain that has
eletions in the capsular locus. It has been shown that the ctrA gene
arget PCR analysis has a sensitivity of 88% and a specificity of 100%
Corless et al., 2001) and that at least 16% of carried meningococci
34
within the past week of swabbing. We speculated that no condom
use could be a proxy for STIs and eradication following treatment
or for being in a relationship, but further examination of data did
not confirm this (data not shown).

The strengths of this study include an extensive questionnaire
at baseline and follow-up that allowed for the exploration of
2
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multiple associations between Nm carriage and variables of
interest. Also, most carriage studies are cross sectional with
sampling at one time point only, whereas we had two samplings
available with rather extensive follow-up. This allowed us to
validate our findings and carriage rates were indeed similar at the
two points in time. A limitation to our study was that data had been
collected with a different aim in sight (the PAPPIR study). Numbers
were consequently low, which may have prevented us from
discovering associations that seem to be expected, i.e. an
association between number of sexual partners and Nm carriage.
Further, relevant information regarding recent antibiotic use,
specific immunization history and previous meningococcal disease
were not available. Meningococcal vaccination is not part of the
childhood vaccination program in Denmark and is not routinely
recommended for PLWH, which makes it unlikely that a high
proportion – if any – of our participants have received a
meningococcal vaccine.

Additionally, most earlier reports differ from this study
regarding methodology since Nm have been identified conven-
tionally by culture. The samples in our study had been stored for up
to five years in a freezer at minus 80 �C before analysis and the oral
samples had been obtained after the use of antibacterial
mouthwash. We did not perform cultures as the bacteria were
highly unlikely to be viable after this process. Finally, the
sensitivity of the analyses may have been reduced by pelleting,
washing and dissolving the mouthwash in 1 mL PBS, and earlier
findings suggest that ctrA PCR of mouth gargles are less sensitive
than culture based methods (Jordens et al., 2002).

Conclusion

This study found a carriage rate of ctrA positive Nm of 31.7% at
baseline and 33.3% at 12-month follow-up with non-groupable Nm
being undoubtedly most prevalent in this MSM population living
with HIV followed by MenB and MenY. The meningococci were
predominantly detected in oral washes, but non-groupable strains
of Nm were found in anal samples of 10.0% of patients at baseline
and 11.0% at follow-up. We found no clear associations between
sexual behavior variables and carriage, possibly due to low
numbers. Still, the fact that strains of Nm were detected both
orally and anally suggests that Nm may be transmitted sexually
among MSM.
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