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Importance

We studied the distribution of commensal Neisseria bacteria in parents and their children in Belgium.
We found that there were differences between parents and their children. In particular, we found
that the prevalence of N. bacilliformis was higher in the adults and had remarkably reduced
susceptibility to ceftriaxone. In addition, we found evidence that suggested the transmission of
commensal Neisseria between family members.

Abstract: Background: Commensal Neisseria species are part of the oropharyngeal microbiome and
important for health, but also serve as a reservoir for antimicrobial resistance. Little is known about
the prevalence of these species in the general population, how this varies by age and how
antimicrobial susceptibility varies between species. Methods: We assessed the prevalence and
antimicrobial susceptibility of commensal Neisseria species in the parents (n=38) and children (n=50)
of 35 families in Belgium. Results: Various commensal Neisseria (n=5) could be isolated from the
participants. Most abundant were N. subflava and N. mucosa. N. subflava was detected in 77 of 88
(87.5%) individuals and N. mucosa in 64 of 88 (72.7%). N. mucosa was more prevalent in children
(41/50 [82%]) than parents (23/38 [60.5%]; P<0.05), while N. bacilliformis was more prevalent in
parents (7/36 [19.4%]) than children (2/50 [4%]; P<0.05). N. bacilliformis showed high ceftriaxone
minimum inhibitory concentrations (MICs; median MIC 0.5mg/L; IQR 0.38-0.75) and these high
MICs explained the higher ceftriaxone MICs of all Neisseria isolates from the parents than the
children. The median azithromycin MIC of all Neisseria isolates per individual was positively
correlated with the median family MIC (rho=0.24; P=0.033). The same association was found for the
analysis limited to N. subflava (tho=0.36; P=0.004) and N. mucosa (tho=0.30; P=0.027). Interpretation:
The most abundant commensal Neisseria species found in this population were N. subflava and N.
mucosa, of which the prevalence of N. mucosa varied by age. The prevalence of N. bacilliformis also
varied by age and showed concerningly high ceftriaxone MICs which warrant further investigation.
We found evidence of clustering of azithromycin, but not ceftriaxone, MIC by family.

Keywords: Neisseria; commensals; intra-familial transmission; oropharynx; horizontal gene transfer;
Belgium

Introduction

Neisseria gonorrhoeae is becoming increasingly resistant to antimicrobials, including last-resort
antimicrobials such as ceftriaxone and azithromycin [1,2]. Various types of evidence have established
that much of this resistance has been acquired via horizontal gene transformation (HGT) from the
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non-pathogenic Neisseria species in the oropharynx [3-5]. The acquisition of sections of the penA, parC,
gyrA, mtrCDE, rplB, rplD and rplV from non-pathogenic Neisseria has played an important role in the
acquisition of penicillin, cephalosporin, macrolide, and/or fluoroquinolone resistance in N.
meningitidis and N. gonorrhoeae [5-7]. These findings have led to calls for pheno- and genotypic
surveillance of antimicrobial resistance in commensal Neisseria spp. as an early warning system of
excessive antimicrobial consumption [8,9].

A systematic review of antimicrobial susceptibility of commensal Neisseria spp. found that
minimum inhibitory concentrations (MICs) were increasing over time, but the findings were limited
by the small number of studies available [10]. Most study samples were from populations attending
STI clinics [11-14], from individuals that were colonized with Neisseria meningitidis [15] or employees
sampled at their workplace [11,16]. Only one of these studies used a sample of the general population,
and this study was limited to characterizing N. lactamica and N. meningitidis prevalence in children
under 15 years [17].

A related problem is the paucity of studies describing the prevalence of the various
oropharyngeal Neisseria spp. One of the largest studies used oropharyngeal swabs plated onto
selective media (LBVT.SNR) and modified Thayer-Martin medium to characterize the prevalence of
Neisseria spp. in 202 STI clinic attendees in Seattle in 1987 [14]. They found that 25% were colonized
with N. mucosa, and 96% were colonized with N. perflava/ N.sicca (Table 1). The prevalence of N.
meningitidis (29%) and N. cinerea (37%) was noted to be higher in men who have sex with men (MSM)
than heterosexual men (7%/27%). A smaller study 10 years later involving 40 hospital staff in Madrid
found that 93% of nasopharyngeal swab samples were culture positive for N. perflava/ N. sicca, 25%
for N. mucosa, 20% for N. flava and 10% for N. cinerea. Only 2% to 5% were colonized by N. lactamica
and N. meningitidis [16].

In 2019-2020, we assessed the Neisseria species distribution and antimicrobial susceptibility in 96
participants at our center in Belgium: 32 employees, 32 MSM who did not use antibiotics in the
previous 6 months, and 32 MSM who did [11]. We used oral swabs plated onto Columbia Blood Agar
and Modified Thayer-Martin Agar to characterize the distribution of specific Neisseria spp. and their
individual colony MICs to azithromycin, ceftriaxone and ciprofloxacin. Oropharyngeal Neisseria were
cultured and identified with MALDI-TOF-MS. Commensal Neisseria from employees, as well as
MSM, were remarkably resistant. The commensal Neisseria isolated from MSM had significantly
higher MICs for azithromycin (7.0 mg/L, IQR 3.0-280.2) and ciprofloxacin (0.250 mg/L, IQR 0.020-
0.380) compared to those from the employees (3.0 mg/L, IQR 2.0-4.0, p <0.0001; and 0.023 mg/L, IQR
0.012-0.064, p<0.001, respectively). Susceptibility did not differ significantly according to recent
antimicrobial exposure in MSM, suggesting that commensal Neisseria may be shared by activities
such as kissing [18].

An oropharyngeal swab-based Neisseria survey of 207 MSM in Hanoi, Vietnam, from 2016 to
2017, detected at least one Neisseria spp. in all individuals: N. flavescens (47%), N. subflava (22%), N.
perflava (11%), N. meningitidis (5%), N. macacae (5%), N. gonorrhoeae (3%), N. cinerea (3%), N. mucosa
(8%) N. oralis (2%) and N. lactamica (0.5%) [12]. Swabs were cultured onto Gelose Chocolat PolyViteX
VCATS3 and chocolate agar plates.

Most recently, a study in 2022 surveyed the distribution and antimicrobial susceptibility of
commensal Neisseria spp. in MSM (n=108) and the general population in Italy (male adults visiting
their GPs with a sore throat; n=87) [19]. Pharyngeal swabs were plated onto Columbia blood agar and
modified Thayer-Martin agar plates. N. subflava (59.7%) and N. flavescens (28%) were the most
frequently detected species. Other species included N. perflava (3%), N. macacae (3%) and N. mucosa
(2%). This distribution was similar for the two populations except for N. mucosa, which was only
detected in the general population. Antimicrobial susceptibilities per species and the variation
between the MSM and the general population were very similar to the Belgian study [11].

In these studies, participants complained about the discomfort induced by the pharyngeal
swabbing, which typically induces a gag reflex [20]. In addition, centres in low- and middle-income
countries indicated that the MALDI TOF-MS and individual colony MICs would be costly and
difficult to perform [20]. To circumvent these obstacles, we developed and validated a new
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surveillance protocol that involved the use of an oral rinse/gargle with water instead of the oro-
pharyngeal swab to sample the oropharyngeal Neisseria spp. [20-22]. Dilutions of this oral rinse could
then be plated onto LBVT.SNR plates with and without antimicrobials to establish the proportion of
Neisseria spp. with resistance to each antimicrobial of interest without the necessity of MALDI-TOF-
MS [20-22]. Except for a small pilot study, we have not directly compared this proportion method
with the original method of ascertaining individual colony MICs [20].

In this study, we aimed to conduct this comparison. We also aimed to expand our knowledge of
the epidemiology of commensal Neisseria spp. by assessing the prevalence of various commensal
Neisseria spp. in a randomly selected group of parents and their children in Belgium. Our specific
objectives were to 1) assess the prevalence of different species of oropharyngeal Neisseria spp. in
adults and children, 2) assess the proportion of commensal Neisseria spp. per person with resistance
to azithromycin, ceftriaxone and ciprofloxacin, 3) assess the azithromycin and ceftriaxone MIC
distribution of commensal Neisseria spp. per species per person, 4) evaluate the correlation between
the proportion resistance and the MIC distribution for azithromycin and ceftriaxone, and 5) assess if
there is a correlation between the azithromycin and ceftriaxone MICs of commensal Neisseria between
family members.

Methods
Survey Population

The study population consisted of 35 randomly selected families that were attending children’s
sports events at a municipal sporting facility in Antwerp, Belgium. Recruitment took place over the
course of two weekends in October 2023. Random adults with at least one child with them were
approached by the study team and invited to participate if they met the following criteria: be part of
a family where at least one child (aged 5 to 13) and one adult who is either the parent or a first degree
relative and are living with the child are willing to participate. The participating child needed to be
present with at least one of the parents. The child provided oral informed consent, and the parent
provided written informed consent. The first 35 eligible families agreeing to participate were
included in the study.

Data Collection and Sampling Procedure

All parental participants provided written informed consent prior to the collection of data and
samples. Baseline characteristics were noted (including self-reported age, sex, time since last
antibiotic use and omnivorous or vegetarian diet). The participants were instructed to rinse/gargle
their mouths with 15 mL sterile water for 30s, after which they were collected in a sterile container
[20]. Specifically, under direct observation, participants rinsed their mouths, followed by gargling,
and then repeated the rinse and gargle one additional time for a total duration of 30 seconds.
Immediately upon arrival at the laboratory (within 6h after sample collection), 1000pL of each sample
was added to 1000 pL of skim milk with 30% glycerol and s stored at -80°C until further processing
in batch.

Sample Processing
Culture, MIC Determination and Identification of Neisseria Species

One aliquot of each sample in skim milk was allowed to thaw completely at ambient
temperature and vortexed vigorously before 100uL was plated on commensal Neisseria selective
medium (LBVT.SNR- LB medium containing 1% Bacto-Tryptone, 0.5% yeast extract, 0.5% sodium
chloride, 1.5% Bacto-Agar and 5.0 ml of neutral red indicator (0.3% [wt/vol]) per litre was added, and
sterilized by autoclaving for 15 min at 121°C) with and without azithromycin (1mg/L, Sigma Aldrich,
Steinheim am Albuch, Germany), ceftriaxone (0.125mg/L) and ciprofloxacin (0.06mg/L). Plates were
incubated for up to 48h at 37°C in 5-7% CO:2 incubator.

Bacterial isolates were obtained from LBVT.SNR plates without antibiotics. A maximum of four
colonies with distinct morphologies were randomly selected from each plate and subcultured for
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further analysis. Species identification was performed using a MALDI Biotyper® Sirius IVD system
equipped with the MBT Compass IVD/RUO software and library (Bruker Daltonics, Bremen,
Germany). Briefly, bacterial isolates were prepared by smearing the growth of a single colony onto
polished steel target plates, followed by overlaying with a-cyano-4-hydroxycinnamic acid (CHCA)
matrix solution. Subsequently, the target plates were loaded into the MALDI-TOF MS instrument for
spectra acquisition. Spectra were obtained in linear mode within a mass range of 2 to 20 kDa. The
acquired spectra were compared against a comprehensive library module containing 12438 spectra.
Identification results were evaluated based on recommended cut-off values of 1.7 and 2 for genus
and species levels, respectively. Only isolates belonging to the genus Neisseria were included in
further analyses.

Isolates identified as N. sicca and N. macacae were grouped into one category with N. mucosa,
whereas isolates identified as N. perflava and N. flavescens were grouped into one category with N.
subflava [23].

Antimicrobial Susceptibility Determination

MICs of the isolated Neisseria species to azithromycin and ceftriaxone were determined on GC
chocolate agar plates (Becton Dickinson, Belgium) using ETEST® (BioMérieux Marcy-1'Etoile, France)
incubated for 18-24h at 37°C and 5-7% CO, and expressed in mg/L. The inoculum is prepared in PBS
and the turbidity of the bacterial suspension is standardized to 0,5 McFarland using a densitometer
(DEN 1B, BioSan, Latvia).

Proportion Resistant

The proportion of colonies of Neisseria spp. resistant to azithromycin, ceftriaxone and
ciprofloxacin were determined by plating on LBVT.SNR. 100ul of the oral rinse samples in skimmilk
were spread using a plate spinner (Petriturn-M), on respective plates with and without the addition
of 1ug/ml azithromycin, 0.06pg/ml ciprofloxacin and 0.125ug/ml ceftriaxone (all Sigma Aldrich,
Steinheim am Albuch, Germany). The concentration for ciprofloxacin and ceftriaxone chosen were
the EUCAST breakpoints for N. gonorrhoeae. EUCAST has an ECOFF for N. gonorrhoeae for
azithromycin of 1ug/ml. Plates were incubated up to 48 hrs at 37°C in a 5-7% COz incubator. The total
number of colonies on the plates with and without antimicrobials were determined, and counts were
taken from the plate with 20-200 colonies using a colony counter (Scan 300, Interscience, France).

Statistics

Neisseria prevalence: Prevalence was expressed as the proportion of participants from whom a
certain species was isolated. Prevalence was compared between groups using Chi-square/Fischer’s
exact test.

Neisseria species richness: Neisseria species richness was defined as the number of different
Neisseria species detected per participant. Species richness was reported as median (interquartile
range) and compared between groups using Kruskal-Wallis rank sum tests.

Antimicrobial susceptibility: To enable statistical testing, MICs above the maximum or below the
minimum level of the ETEST strip were simplified as follows: azithromycin MIC > 256 mg/L was
recorded as 256 mg/L; ceftriaxone MIC < 0-016 mg/L as 0-016 mg/L; and ciprofloxacin MIC > 32 mg/L
as 32 mg/L. MICs were reported as median (interquartile range), for all Neisseria spp. combined and
per individual species. Differences were compared between groups using Kruskal-Wallis rank sum
tests. Bonferroni corrections were applied to adjust for multiple comparisons.

Proportion versus MIC distribution: Spearman’s correlation was used to assess if there was an
association between each individual’s median MIC of their Neisseria spp. and the proportion of
Neisseria spp. that were resistant to that antimicrobial.


https://doi.org/10.20944/preprints202406.0249.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 5 June 2024

Evidence of Transmission of Commensal Neisseria spp. between Family Members

If we acquire further funding, we will conduct whole genome sequencing of all the isolates and
use this data to evaluate evidence of intrafamilial transmission. In the interim, we use Spearman’s
correlation between the median azithromycin/ceftriaxone MIC of all Neisseria isolates per individual
and the median azithromycin/ceftriaxone Neisseria MIC of the rest of the individual’s family, i.e.,
calculated by excluding the MICs from the index individual from the family median. All statistical
analyses were performed with Stata/MP V16.1 (StataCorp).

Ethics

Ethics approval was obtained from ITM’s Institutional Review Board (1574/22) and from the
Ethics Committee of the University of Antwerp (3831).

Role of the Funding Source

This study was funded by a SOFI-B Grant: PRESTIP. The funder was not involved in any stage
of the study.

Results
Survey Population Data

In the 35 families recruited, the median age of the 38 parents was 45 (IQR 35 - 55) years and 10
(IQR 8 - 14) years in the 50 children (Table 2). The median number of parents/children per family was
one (IQR 1-1)/one (IQR 1-2). Fifty-one (58%) of the participants were male and only one was a
vegetarian. All the participants reported consuming antibiotics in the past, but the vast majority
(90.9%) reported that this was more than 6 months prior to the study. Two individuals reported
antibiotic use 7 to 30 days prior and 6 individuals between one and 3 months prior.

Prevalence of Different Species of Oropharyngeal Neisseria spp. in Adults and Children

N. subflava was isolated in 77 of 88 (87.5%) individuals (Table 3; Figure 1). N. mucosa was also
detected in the majority of participants (64/88 [72.7%]. N. elongata (24/88 [27.3%]), N. bacilliformis (9/88
[10.2%]) and N. oralis (4/88 [4.5%]) were detected in a lower proportion of individuals. Only N. mucosa
and N. bacilliformis varied by age; N. mucosa was more prevalent in children (41/50 [82.0%]) than
parents (23/38 [60.5%]; P<0.05) and N. bacilliformis was more prevalent in parents (7/36 [19.4%]) than
children (2/50 [4%]; P<0.05). No other Neisseria species were identified.

do0i:10.20944/preprints202406.0249.v1


https://doi.org/10.20944/preprints202406.0249.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 5 June 2024 d0i:10.20944/preprints202406.0249.v1

p—
9O -
— ‘
CAYAYAYANYNYAYACA YA vaxan YOO YAYACYYa o wn YOwavownwa oy PN RSN Yo
2 3 G CE YRR PR L ZE T YR T U8 R CRTYORTE T LRI ATS 2
—_r ANNNNNNNANNNNNNNNNNNN NN «®m
- N oralis - N- baciliformis - N elongata - N. mucosa - N subflava

Figure 1. Lasagna plot of Neisseria species identity of up to four isolates of Neisseria spp. per individual
and grouped by family. Each column provides the species identity of up to 4 isolates of Neisseria spp.
per individual. The labels on X-axis are unique identifiers for each individual and family. The first
two characters specify the family number and last two characters specify if it is the first child/parent
(K1/P1), second child/parent (K2/P2) etc. An empty space is used to depict no Neisseria spp. isolated.

Richness of Neisseria Species

The participants were colonized by a median of 2 Neisseria species (IQR 2-2; Figure 1). This did
not differ between children and parents (both median 2; IQR 2-2).

Antimicrobial Susceptibility of Commensal Neisseria spp.

Proportion method: The median per person percent of Neisseria spp. isolates with resistance to
azithromycin (37.4%; IQR 24-84%) and ciprofloxacin (23.7%; IQR 9-63%) was considerably higher
than that for ceftriaxone (0.2%; IQR 0-2%; Table 3; Figure 2). Only in the case of ceftriaxone resistance
was the prevalence higher in the parents (0.81%) than the children (0.07%; P<0.005).
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Figure 2. Histograms of the percent of colonies of Neisseria species per individual that were resistant
to (a) azithromycin, (b) ciprofloxacin and (c) ceftriaxone. The Y axis provides the percent of
individuals with each percent of isolates resistant to each antimicrobial. For example, in (c), over 80%
of individuals had 0% ceftriaxone resistance in their Neisseria spp, whereas one individual had 100%
resistance.

MIC distribution method: In a similar vein, the individual colony MICs of the commensal Neisseria
spp. were higher for azithromycin (median 3mg/L; IQR 1.5 - 4) than ceftriaxone (median 0.047mg/L;
IQR 0.032-0.094; Table 4). The ceftriaxone MICs were also higher in the parents (0.064mg/L; IQR 0.032-
0.094) than the children (0.047mg/L; IQR 0.032-0.064; P<0.05).

MIC distribution per species: The ceftriaxone MICs of N. elongata (0.064mg/L; IQR 0.047-0.125;
P<0.0005) and N. bacilliformis (0.5mg/L; IQR 0.38-0.75; P<0.0005) were higher than those of N. subflava
(0.047mg/L; IQR 0.023-0.064; Table 4). The azithromycin MICs of N. subflava (3mg/L; IQR 2-4) was
lower than that of N. mucosa (4mg/L; IQR 3-8; P<0.005) but higher than those of N. elongata (0.5mg/L;
IQR 0.38-0.75; P<0.005) and N. bacilliformis (2mg/L; IQR 1.5-2; P<0.005).

Correlation between MIC Distribution and Proportion Resistant Methods

In the case of ceftriaxone (rho=0.27; P=0.012) but not azithromycin (rho=0.04; P=0.720), there was
a significant correlation between each individual’s median MIC of their Neisseria spp. and the
proportion of Neisseria spp. that were resistant to that antimicrobial (Figure 3).
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Figure 3. Scatter plots of the association between the proportion and MIC distribution methods for
assessing antimicrobial resistance to a) ceftriaxone or b) azithromycin. Each dot represents the results
from a single participant. The Y-axis represents the percent of colonies from that participant that were
resistant to ceftriaxone or azithromycin. The X-axis details the median ceftriaxone or azithromycin
MIC of that participant (calculated from up to 4 colonies of Neisseria spp. randomly selected from each
individual’s sample).

Predictors of Antimicrobial Susceptibility

Our mixed-effect linear regression models confirmed that the ceftriaxone MICs of N. bacilliformis
were significantly independently higher than those of N. subflava (Table 5). In contrast, the
azithromycin MICs of N. subflava were higher than those of N. elongata but lower than those of N.
mucosa.

In the model limited to N. subflava, the ceftriaxone (but not the azithromycin) MICs were
independently associated with time since receipt of the last antibiotic (Table 5).

Association of MICs of Commensal Neisseria spp. between Family Members

The median azithromycin MIC of all Neisseria isolates per individual was positively correlated
with the median family MIC (rho=0.24; P=0.033). The same association was found for the analysis
limited to N. subflava (tho=0.36; P=0.004) and N. mucosa (rho=0.30; P=0.027). These associations for
ceftriaxone were not significant.

Discussion
Differences in Prevalence of Neisseria spp. by Age Group

Similar to previous studies, we found near universal colonization with commensal Neisseria
species in both age groups [11,14,20,24]. N. subflava was equally prevalent in the parents and children,
but N. mucosa was slightly more prevalent in children (82%) than their parents (60.5%). Conversely,
N. bacilliformis was more prevalent in the parents (19.4%) than in the children (4%).

The high prevalence of N. subflava is very similar to that seen in previous studies [14,16], but the
prevalence of N. mucosa (60 to 82%) was more than double that of the previous studies reviewed in
the introduction [14,16]. In our previous survey in Belgium, the prevalence of N. mucosa was 25% in
the employees and 9% in the MSM [11]. In a recent study from Italy, N. mucosa and N. macacae were
detected in 2% and 3% of the general population, respectively [19]. One possible explanation for the
higher prevalence detected in the current study is that it is the first of these studies to use an oral
rinse/gargle instead of a swab for sampling. Another explanation is the different culture media used
-LBVT.SNR in this and the previous pilot study [20] compared to blood agar and modified Thayer-
Martin in the recent Italian study [19].

There is evidence that different Neisseria spp. localize to different parts of the oropharynx. An
analysis of sequence data from the Human Microbiome Project found that samples from the tongue
were enriched with N. subflava, whereas N. mucosa, N. sicca, and N. macacae predominated in the
gingival plaque [25]. The oral rinse/gargle may be more likely to sample bacteria from the teeth and
gingival plaques than oro-pharyngeal swabs, which could account for the high prevalence of N.
mucosa found in our study. This hypothesis is not, however, supported by our previous small study
that aimed to compare the same oral rinse and swab sampling techniques [20]. This study in 10
individuals found that N. subflava was detected from all 10 individuals by both techniques and N.
mucosa in 7 individuals in the swab sample and 6 individuals in the rinse samples. The rinse samples
did, however, detect slightly more N. elongata and N. bacilliformis isolates than the swab samples.

Variations of Antimicrobial Susceptibility between Neisseria spp.

We found significant differences in azithromycin and ceftriaxone susceptibilities between
Neisseria species. The azithromycin MICs of N. subflava were higher than those of N. elongata but lower
than those of N. mucosa. The ceftriaxone MICs of N. bacilliformis were significantly independently
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higher than those of N. subflava. These differences persisted after controlling for potential
confounders. These findings are to the best of our knowledge, novel. The only previous studies we
could find with comparable data were our previous survey in Belgium [11] and the recent survey in
Italy [19]. In the Belgian study, we found 96 isolates of N. subflava, 14 N. mucosa, three N. elongata and
one N. bacilliformis. These small sample sizes did not warrant formal statistical comparisons of MICs
between species, but in general, the same pattern was observed as the current study. The N. subflava
azithromycin MICs were numerically higher than those of N. elongata but lower than those of N.
mucosa, and the one isolate of N. bacilliformis had a markedly higher ceftriaxone MIC (1.5mg/L) than
the highest MIC of N. subflava (0.064mg/L). The Italian study found likewise that N. mucosa had the
highest azithromycin (and ciprofloxacin) MICs [19]. A systematic review of antimicrobial
susceptibility in commensal Neisseria spp. was only able to find sufficient data to compare the
susceptibilities of N. lactamica with N. gonorrhoeae and N. meningitidis [10]. This study found that MICs
for azithromycin, penicillin, ceftriaxone, and ciprofloxacin were typically highest in N. lactamica. The
study did not include any N. bacilliformis. Three previous reports of N. bacilliformis endocarditis have
noted high third generation cephalosporin MICs (ceftriaxone 0.25mg/L in 2 cases in 2009 and 2011
[26,27] and cefotaxime 1.5mg/L in 2023 [28]). The original description of N. bacilliformis that described
8 isolates from clinical cases with invasive disease noted that the cefepime MICs were between 3 and
12mg/L [29]. The single isolate of N. bacilliformis in the Centers for Disease Control and Prevention
(CDC) Antibiotic Resistance Isolate Bank, has a ceftriaxone MIC of 16mg/L [30]. The genetic basis for
these high cephalosporin MICs in N. bacilliformis has not been established. Whole genome sequencing
of the CDC Resistance Isolate Bank isolate revealed only 2 resistance associated mutations — porB
A121D and penA I312M [30].

Horizontal gene transfer (HGT) of the penA gene from commensal Neisseria has played a crucial
role in the emergence of cephalosporin resistance in N. gonorrhoeae [31]. A recent analysis of 35,513
Neisseria isolates from 15 different Neisseria species found that N. subflava and N. cinerea were the most
common source of recombinant sequences in N. gonorrhoeae penA [31]. This and previous analyses
did not, however, include any isolates from N. bacilliformis [31,32]. It will be important to evaluate the
genotypic determinants of the high ceftriaxone MICs in N. bacilliformis and include N. bacilliformis in
future studies of cephalosporin resistance in N. gonorrhoeae.

The highest azithromycin MIC in Neisseria isolates was 16mg/L. We have previously found that
a high proportion of MSM in our setting are colonized with N. subflava’s with azithromycin MICs of
>256mg/L [11,33] and that this is due to the acquisition of the ribosomal protecting msr(D) gene from
streptococci [33]. The absence of these high MIC isolates in this study suggests that this gene has not
spread widely in the general population.

Variations in Ceftriaxone MIC by Species and Species by Age Group Explain Variation in MIC by
Age Group

The higher ceftriaxone MIC found in Neisseria isolates from adults can be parsimoniously
explained by the higher prevalence of N. bacilliformis and its higher ceftriaxone MICs. This is evident
from the linear-regression model where N. bacilliformis but not age is a significant predictor of
ceftriaxone MIC (Table 4).

Transmission of Neisseria spp.

We plan to sequence the Neisseria spp. in this study which should give us an indication of
possible transmission between individuals. A previous study based on metagenomic sequencing of
oropharyngeal bacteria of sexual partners found some evidence that oral Neisseria species were
shared between partners via kissing [18]. The current study found that the azithromycin but not the
ceftriaxone MICs of commensal Neisseria spp. were positively associated at a family level. This is the
first evidence that we are aware of that phenotypic Neisseria antimicrobial susceptibility may be
transmitted between family members, as has been noted with numerous other genera [34].
Alternatively, this association could be explained by the family members joint exposure to another
risk factor for AMR. If this association is due to transmitted resistance, then this may help to explain
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previous study findings such as that from our previous survey in Belgium which found higher
azithromycin and ciprofloxacin MICs in commensal Neisseria in MSM than the employees, but no
difference between the MSM who had and had not taken antimicrobials in the prior 6 months [11]. If
there is transmission of resistant commensal Neisseria spp. following receipt of antimicrobials then
this may explain why the association between antimicrobial exposure and resistance is stronger at
the population than the individual level [11,35].

Proportion versus MIC Distribution to Assess AMR

We compared the proportion and MIC distribution methods to assess AMR of commensal
Neisseria spp. We found a large variation in the percent with azithromycin resistance (median 37%
[IOR 24-84%]) and a low percent resistant for ceftriaxone (median 0.2% [IQR 0-2.4%]. There was less
variation in the MIC distribution of both azithromycin (median 3mg/L [IQR 1.5-4]) and ceftriaxone
(median 0.047mg/L [0.032-0.094]) for commensal Neisseria spp. Surprisingly, we found that only in
the case of ceftriaxone there was a significant positive association between the two methods. These
findings together with those from other studies suggest that the proportion resistant method may not
be an adequate replacement to the MIC distribution method for the surveillance of AMR in
commensal Neisseria spp. [36].

This study has a number of limitations, including the small sample size and the fact that the
samples may not be representative of the general Belgian population. All the samples were obtained
from a single site on two days in a single season. It is unlikely that this sampling strategy would
generate a sample representative of the Belgian population. There is some evidence that gonococcal
azithromycin susceptibility varies by season [37]. The same may be true for commensal Neisseria
species [37]. Our samples were obtained via oral rinsing and not swabs. Although this sampling
method is preferred by study participants and physicians [22] and is being increasingly used [20-22],
there may be differences in the relative proportion of Neisseria species obtained via this method
compared to oropharyngeal swabs.

These limitations notwithstanding; this study was the first to characterise the prevalence and
antimicrobial susceptibilities of commensal Neisseria spp. in both parents and their children. Previous
studies have noted high and increasing azithromycin, ciprofloxacin and ceftriaxone MICs of
commensal Neisseria spp. in adult populations. For the first time, we have been able to establish that
the MICs of Neisseria spp. in children were very similar to that of their parents. The small differences
in MIC could largely be explained by differences in the prevalence of Neisseria species. Our finding
of clustering of azithromycin MICs by family builds on previous evidence to suggest that commensal
Neisseria spp. are shared. If resistant strains can be transmitted, this may help explain why certain
studies have found little or no association between antimicrobial consumption and resistance at an
individual level but an association at a population level [11,21,35,38]. These studies have been in high
antimicrobial consumption populations such as MSM taking HIV preexposure prophylaxis (PrEP),
where the consumption of macrolides may exceed a threshold for macrolide resistance induction by
up to seven-fold [11,21,39,40]. The consumption of macrolides in the general population in Belgium
is approximately 50% greater than this threshold [40]. Likewise, the consumption of all antibiotics in
the general population in Belgium is approximately double that of a lower antibiotic consumption
country such as the Netherlands [41]. This relatively high consumption of antimicrobials is a likely
cause of the relatively high MICs of commensal Neisseria spp. in our study. If we accept the utility of
using antimicrobial susceptibility of commensal Neisseria spp. as early warning system of excessive
antimicrobial consumption, then our findings build on other types of evidence to motivate for
enhanced antimicrobial stewardship in the general population of Belgium [8].

Data Sharing

All deidentified data are available as a Supplement to this manuscript. Additional related
documents such as the study protocol, laboratory analysis plan, and informed consent form, can be
obtained from the corresponding author.
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