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ABSTRACT

Background:

Recombinant protein-based vaccines targeting serogroup B meningococci protect against invasive
disease, but impacts on carriage are uncertain. This study assessed carriage prevalence of disease-
associated meningococci from 2018-2020, as the proportion of vaccinated adolescents increased

following introduction of a school-based 4CMenB immunisation program.

Methods:

Eligible participants who completed high school (age 17-25) in South Australia in the previous year
had an oropharyngeal swab taken and completed a risk factor questionnaire. Disease-associated
meningococci (genogroups A, B, C, W, X, Y) were detected by meningococcal and genogroup-specific

polymerase chain reaction.

Results:

The final analysis included 4104 participants in 2018, 2690 in 2019, and 1338 in 2020. The proportion
vaccinated with 4CMenB increased from 43% in 2018, to 78% in 2019, and 76% in 2020. Carriage
prevalence of disease-associated meningococci in 2018 was 225/4104 (5.5%). There was little
difference between the carriage prevalence in 2019 (134/2690, 5.0%, adjusted odds ratio [aOR] 0.82,

95% Cl 0.64-1.05) and 2020 (68/1338, 5.1% aOR 0.82, 95% CI 0.57-1.17) compared to 2018.

Conclusions:

Increased 4CMenB uptake in adolescents was not associated with a decline in carriage of disease-
associated meningococci. 4CMenB immunisation programs should focus on direct (individual)

protection for groups at greatest risk of disease.

Registered at ClinicalTrials.gov:NCT03419533



INTRODUCTION

Invasive meningococcal disease (IMD), caused by the bacterium Neisseria meningitidis results in
substantial morbidity and mortality worldwide.[1, 2] To develop IMD, N. meningitidis is first
acquired, mainly through respiratory droplets from close contacts, resulting in oropharyngeal

colonisation.[3] Rarely, colonisation is followed by invasive disease.

N. meningitidis is classified according to either the composition of its polysaccharide capsule
(serogroup), or detection of capsular biosynthesis genes (genogroup).[2, 4] Meningococcal bacteria
typically need to be encapsulated to cause invasive disease, with six groups responsible for the
majority of disease globally over the last two decades (A, B, C, W, X, and Y), of which serogroups A
and X rarely causes disease outside Africa.[1] However, unencapsulated meningococci are capable
of causing severe disease in immunocompromised people, including those with hereditary
complement deficiencies, or receiving eculizumab.[5] Potentially invasive meningococci may be non-
capsulated in the nasopharynx and then switch on their capsule when they invade the bloodstream,
usually shortly after acquisition.[6] Reducing the carriage prevalence of disease-associated N.
meningitidis genogroups, especially in adolescents who have the highest meningococcal carriage
rates in high-income countries, can prevent transmission and provide indirect population (herd)

protection to other vulnerable and unvaccinated groups.[1, 7]

Meningococcal vaccines induce serum bactericidal antibodies that directly protect individuals
against IMD.[8] Capsular polysaccharide-conjugate vaccines induce serogroup-specific salivary IgG
and IgA antibodies,[9] which likely contribute to reduced pharyngeal carriage in vaccinated
adolescents.[9, 10] As recombinant ‘meningococcal B’ vaccines were developed with novel
technologies, using predominantly protein antigens, similar effects to those observed with
meningococcal polysaccharide-conjugate vaccines are not guaranteed. The match between the
outer membrane protein and antigens contained in the 4CMenB vaccine to those contained in group

B and non-B N. meningitidis isolates remains an essential factor in the ability of the vaccine to



protect against IMD. There is no compelling evidence that 4CMenB vaccine reduces acquisition of
pharyngeal carriage of group B meningococci, the serogroup for which the vaccine was licenced.[11-
13] The impact of longer-term changes in meningococcal carriage following a population-based

adolescent 4CMenB program are currently unknown.

In South Australia, 91% of high schools participated in a cluster RCT, with half receiving the 4CMenB
vaccine (2 doses at least 1 month apart) in 2017 and the other half in 2018.[11] A state-funded
4CMenB immunisation program for South Australian children commenced in October 2018, and for
adolescents 15 years of age in February 2019, with one year of catch up for 16-20-year-olds.[14]
MenACWY-TT vaccine was introduced on the National Immunisation schedule in 2019 for 14-16 year
olds. This study's primary objective was to establish if the high school 4CMenB immunisation
program was associated with decreased carriage prevalence of disease-associated N. meningitidis

among school leavers, as the proportion vaccinated increased over three years.

METHODS

Study Design and oversight

This investigator-led repeat cross-sectional study was conducted in the state of South Australia,
which has a population of approximately 1.7 million people.[15] Each year there are approximately
14,500 adolescents that enrol in their final year (12/13) of high school.[16] Nationally, approximately
60% of school leavers enrol in higher education (university or vocational training) after leaving
school.[17] Recruitment was conducted from 1°t February to 27" August 2018, from 1° February to

10" December 2019, and 24" February to 11" September 2020.

Participants

Participants were eligible if they had completed high school in South Australia in the 12 months
preceding enrolment and were between 17-25 years old.[18] In 2018, school leavers were recruited
through mail-outs and text messages sent to previous RCT participants, tertiary education stalls at all

three universities in South Australia and social media advertising.[18] In 2019 and 2020, a mail-out



to all 18 year-olds across South Australia from the Medicare database (Australia’s universal health

insurance scheme) was also conducted.[19]

Objectives

The primary objective was to detect any differences in carriage prevalence of disease-associated
genogroups of N. meningitidis (genogroups A, B, C, W, X, or Y) in South Australian school leavers
between 2018 (year 12 in 2017), 2019 (year 12 in 2018), and 2020 (year 12 in 2019). Disease-
associated genogroups were chosen as the antigens in the vaccine may provide broad protection
against non-B N. meningitidis carriage. Secondary objectives included estimating the difference in
any N. meningitidis carriage, as well as for individual genogroups, between 2018, 2019, and 2020.
Other secondary objectives included estimating the difference in the prevalence of N. meningitidis
carriage in 4CMenB vaccinated school leavers compared to unvaccinated school leavers across 2018-
2020 combined, and ascertainment of risk factors for carriage.[18] An exploratory objective was to
investigate whether the effect of 4CMenB vaccination on carriage prevalence differed between

2018, 2019 and 2020.

Study process

Following informed consent, an oropharyngeal swab was taken from each participant and a risk
factor questionnaire was completed. The questionnaire collected information from participants
about smoking history, household size, recent antibiotic use, use of mouth wash, intimate kissing,
socialising in pubs and clubs, and alcohol use.[18] Remoteness Area and Index of Relative Socio-

economic Disadvantage (IRSD) were derived using the participant’s postcode.[20]

Oropharyngeal swabs were placed in 2mL skim milk-tryptone-glucose-glycerol (STGG) medium and
transported to the state-wide public pathology service, SA Pathology. All swabs underwent
polymerase chain reaction (PCR) screening for the presence of specific meningococcal DNA (porA
gene), before being frozen at -80°C. Those who had porA detected were further analysed to

determine the genogroup (A, B, C, E, W, X, or Y), as described previously.[11, 18, 21] Direct plating



was not used due to its feasibility.[21] ‘Disease-associated’ carriage in this paper is defined as having
A, B, C, W, X, or Y N. meningitidis genogroups detected. ‘Any’ carriage includes every sample that has
meningococcal DNA (porA detected), and ‘non-groupable’ carriage is defined as failure to detect
genogroup A, B, C, W, X, orY, in those with porA detected. Whole-genome sequencing was
performed on N. meningitidis isolates, and the multi-locus sequence type (MLST) was performed on

the PubMLST website as described previously.[21, 22]

Participants were eligible to enrol once and were reimbursed with a $40 voucher for their time and
travel costs. For those inadvertently enrolled more than once, only their first swab result and
questionnaire responses were included. 4CMenB vaccination was confirmed for participants through
either the high school cluster RCT study database or the Australian Immunisation Register (AIR).
Participants were defined as vaccinated if they had received two 4CMenB doses at least a month
apart, and the second dose had been received at least 28 days prior to their throat swab. MenACWY

vaccination status was also confirmed for study participants from the AIR.

Statistical analysis

A sample size of 4,096 school leavers per year was estimated to provide 80% power to detect a
clinically relevant 20% relative reduction in disease-associated carriage prevalence from 2018 to

2019 (two-tailed alpha=0.05), assuming a carriage prevalence of 8% in 2018.[23]

Analyses were undertaken according to a pre-specified statistical analysis plan. Logistic regression
was used to compare annual carriage rates, as well as between vaccinated and unvaccinated school
leavers, with effects described as odds ratios with 95% confidence intervals. For comparisons of
carriage over time, global p-values from Wald tests were also reported to quantify evidence for a
difference in carriage across any of the three years. Both unadjusted and adjusted analyses were
performed, with adjustments made for risk factors for carriage of disease-associated meningococci
identified in the original ‘B Part of It’ RCT: current cold or sore throat, smoking cigarettes, smoking

water pipes, days out at a pub/club in last week (1 or more), people kissed (1 or more), and



ethnicity.[11] In addition, alcohol consumption in the previous month and previous MenACWY
vaccination were included in adjusted models. No adjustments were made in analyses involving
genogroups detected less frequently (C, W, X, or E). Due to differences in recruitment methods in
2020 and 2019 compared to 2018, additional analyses were conducted with adjustment for swab
timing, age (years), socio-economic disadvantage, and geographical remoteness. Both adjusted
models are presented in the results. In a post hoc analysis, the effect of 4CMenB vaccination on
carriage was estimated separately for 2018, 2019, and 2020 by including an interaction term
between vaccination status and year in the logistic models. Logistic regression was also used to
quantify the effect of months (continuous variable) since 4CMenB vaccination on carriage among
those vaccinated and identify risk factors for meningococcal carriage. All analyses were performed

using Stata v.15 (StataCorp, Tx).[24]

Ethics approval

The study was approved by the Women'’s and Children’s Health Network Human Research Ethics
Committee (WCHN HREC). The protocol has been published and the study prospectively registered

at ClinicalTrials.gov: NCT03419533.[18, 25]

RESULTS

After excluding duplicate swabs (n=220) and swabs with incomplete results (n=13), 4104, 2690, and
1338 swabs were available for analysis in 2018, 2019 and 2020, respectively. The mean age across all
cohorts was 18.5 years, with 92% of the 2018 group participating in the ‘B Part of It’ RCT, compared
to 79% in 2019, and 74% in 2020. Participants who had received two 4CMenB doses at the time of
the swab increased from 43% in 2018 to 78% in 2019 and 76% in 2020. Less than 2% of participants
in 2018 had been vaccinated longer than 12 months, compared to 51% in 2019, and 75% in 2020.
Other baseline characteristics are described in Table 1, and baseline characteristics by vaccination

status are described in Supplementary Table S1.



Carriage in school leavers in 2020 and 2019 compared to 2018

The primary outcome of carriage prevalence of disease-associated meningococci was 225/4104
(5.5%) in 2018, compared to 134/2690 (5.0%) in 2019, and 68/1338 (5.1%) in 2020. There was little
evidence for an overall difference in disease-associated carriage between years (global p=0.25),

tables 2 & 3.

Carriage prevalence was similar in 2019 and 2020 compared to 2018 for ‘any’ carriage (8.4%, and
7.9%, vs 9.6%; global p=0.29), genogroups B (2.4% and 3.2% vs 2.1%; global p=0.81), Y (2.1% and
2.3% vs 2.6%,; global p=0.28), and non-groupable meningococci (3.5% and 2.8% vs 4.1%; global
p=0.87). Small numbers of detections of genogroups C, W and X precluded adjusted analyses of
these outcomes. There was some evidence for a change in carriage of genogroup W over time
(global p=0.04), while no significant effects were detected for genogroups C (global p=0.62), or X

(global p=0.12).

Carriage in 4CMenB-vaccinated versus unvaccinated participants

Across 2018-2020, there was no significant difference in disease-associated meningococci carried
among participants who received two doses of 4CMenB vaccine 252/4904 (5.1%), compared to

unvaccinated participants (175/3228 [5.4%); aOR 0.84, 95% CI 0.68-1.04; p=0.11).

After adjustment for potentially confounding factors, overall (any) meningococcal carriage in
vaccinated participants, 421/4904 (8.6%), was significantly lower than unvaccinated participants
(305/3228 [9.5%]; aOR 0.83, 95% Cl 0.70-0.98; p=0.03). No other significant differences were
observed in the adjusted analyses for individual groups B, Y, or non-groupable N. meningitidis. In the
unadjusted analysis, there was a reduction in genogroup W carriage in participants vaccinated with

4CMenB (unadjusted OR 0.42, 95% Cl 0.20-0.91; p=0.03), table 4.

Exploratory post-hoc analyses showed some evidence to suggest that the effect of 4CMenB
vaccination on disease-associated N. meningitidis differed between years in the pre-specified

adjusted analysis (p-value for interaction=0.02), as shown in Supplementary Table S2. In 2019, a



reduction in disease-associated carriage was observed among vaccinated vs unvaccinated
participants (aOR 0.53, 95% Cl 0.36-0.79; p=0.002), while in 2018 and 2020, carriage rates did not
vary markedly by vaccination status. The interaction effect did not persist after additional
adjustment for swab timing, age, socioeconomic disadvantage and geographical remoteness (p-

value for interaction=0.14).

There were no significant interaction effects between vaccination status and year for overall

meningococcal carriage, genogroups B, W, Y, or non-groupable N. meningitidis.

Risk factors for carriage

Risk factors for carriage of disease-associated N. meningitidis among all participants included:
attending a hotel or club in the previous week, intimately kissing at least one person in the previous
week, drinking alcohol in the previous month, and not being in a relationship (Table 5). People
identifying as of Asian ethnicity or living in a dwelling with more than one person per bedroom had a
decreased risk of N. meningitidis carriage. Additional factors associated with carriage of any
meningococci were receiving a swab between April to June (mid-spring to early winter) and living in

an outer regional area of South Australia (Supplementary Table S3).

Time elapsed since vaccination

Among those who received two 4CMenB doses (n=4904), no significant effects of time elapsed since
vaccination on carriage were detected for either any (aOR 1.00; 95% Cl, 0.99 to 1.01; p=0.63), or

disease-associated (aOR 1.01; 95% ClI, 0.99 to 1.02; p=0.25) N. meningitidis carriage.

Meningococcal culture and whole-genome sequencing

Culturing of PorA PCR positive samples yielded 500 isolates (69% recovery: 2018, 288/393 [73%];
2019, 148/227 [65%]; 2020, 64/106 [60%]). Whole-genome sequencing of these identified 133
genogroup B isolates with three predominant clonal complexes (ccs): cc41/44 (52 isolates, 39%);

cc32 (50, 38%); cc213 (15, 11%). The MeNDeVAR index, indicating likely cross-reactivity to Bexsero

10



induced antibody responses, was available for 127 isolates (95%). Although there was some
evidence of a decline in cc32 and cc41/44 isolates over time, the number of isolates was too small
for any definite conclusions. It was notable that few of the cc32 isolates had exact antigen matches

to Bexsero (Figure 1a-c).

DISCUSSION

This cross-sectional study found that 4CMenB vaccination was not associated with changes in
carriage of disease-associated N. meningitidis in adolescents over time as vaccine coverage
increased. Despite the proportion of school leavers who had completed a two-dose 4CMenB
schedule in high school increasing by 33-35% in 2020 and 2019, compared to 2018, this was not
associated with a decrease in carriage of N.meningitidis. This finding is consistent with current
evidence that suggests recombinant 4CMenB vaccine does not significantly reduce pharyngeal

carriage of disease-associated meningococci, including group B meningococci.[26]

Secondary analyses identified a significant reduction in the overall meningococcal carriage in
4CMenB vaccinated compared to unvaccinated adolescents. Carriage of non-groupable
meningococci and, to a lesser extent disease-associated meningococci, contributed to the overall
reduction in vaccinated compared to unvaccinated school leavers. However, this study is not
powered to detect small differences in either individual genogroups or non-groupable carriage. Post
hoc analysis of the ‘B Part of It’ RCT found a 29% reduction in carriage of non-groupable
meningococci in vaccinated compared to unvaccinated high school students.[11] This was despite no
significant reduction in overall carriage.[11] A similar effect on overall carriage was reported in
secondary aggregated analysis from an RCT of 4CMenB vaccinated versus Japanese encephalitis-
vaccinated University students from the UK.[13] It is not well understood how conjugate
meningococcal vaccines reduce carriage. Mucosal antibodies, specifically IgG and IgA produced
following vaccination, are thought to be the primary mechanism of reducing carriage acquisition and

increasing clearance, although other immune mechanisms are likely to be important.[9, 27, 28] It
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may be that for pharyngeal carriage of encapsulated invasive meningococcal strains, mucosal
antibodies following recombinant vaccines are less able to bind to subcapsular protein antigens

compared to polysaccharide specific antibodies after conjugate vaccines.

A decrease in the carriage of group W was observed in secondary analyses comparing carriage of
individual genogroups in 2019 relative to 2018. A recent interrupted time series analysis conducted
before and after introducing a childhood 4CMenB program in the UK estimated that 4CMenB
directly prevented 98 (95% Cl 34 to 201) group W IMD cases over four years in under five-year-
olds.[29] Laboratory studies using the human complement serum bactericidal antibody assay (hSBA)
have also found that 4CMenB-induced antibodies provided some cross-protection against
meningococcal group C, W, Y, and X strains.[30-33] Due to the small numbers of school leavers with
carriage of individual genogroups, especially W and X, these results should be interpreted with
caution. Ideally, vaccine effectiveness against carriage would also be assessed against N. meningitidis
strains that possess vaccine-related surface protein antigens, rather than genogroups alone. As the
4CMenB and MenACWY population coverage increase with the ongoing infant and adolescent

programs in South Australia, it will be important to continue to monitor impacts on carriage.

In a post hoc analysis, 4CMenB vaccination was found to have a greater effect on carriage of disease-
associated meningococci in 2019 compared to 2018 in the pre-specified adjusted model. This effect
was not replicated in 2020, albeit in a smaller sample, and there was no evidence that the effect of
4CMenB changed over time according to a more extensive adjusted model. It is possible that the
expression of vaccine proteins change following a large adolescent program, which could lead to
small fluctuating variations in the vaccine impact on carriage. In Australia, this has been previously
demonstrated to occur in a natural cycle of approximately 2 years in the absence of a vaccine
program and relates to the travel-related introduction of strains, their ability to spread in the local
community and the proportion of the community that is naturally immune.[34, 35] This post-hoc
result should be interpreted with caution as almost all unvaccinated participants in 2018 were

participants in the RCT, with the proportion decreasing in 2019, and 2020, suggesting differences

12



between vaccinated and unvaccinated cohorts in different years. Due to these differences,
additional characteristics were added in the adjusted model, including swab timing, age, socio-
economic disadvantage, and remoteness. In this model, the interaction between year and
vaccination was no longer significant, suggesting confounding was present in the pre-specified

adjusted model.

One of the largest studies investigating risks factors associated with meningococcal carriage to date
found that active and passive smoking, intimate kissing, and attending pubs and clubs were
independently associated with N. meningitidis carriage in the UK.[36] Findings in more recent
carriage studies conducted in the Americas and Europe have also found that going out,[12, 37-40]
cigarette smoking,[12, 37-39] and kissing[39, 40] are associated with higher meningococcal carriage.
Only one study identified drinking alcohol as an independent risk factor.[39] In this cross-sectional
study, the low proportion of participants reported smoking cigarettes and e-cigarettes (<3%) or a
water pipe (<5%) may explain a lack of observed association with carriage. Living in a residence
where the number of persons per bedroom was greater than 1 but not more than 2 was associated
with reduced carriage, compared to living in a residence with one person per bedroom or less. The
WHO Housing and Health guidelines note that whether a household is “crowded” depends on many
factors, not just the number of persons per bedroom.[41] Despite adjusting for several other risk

factors for carriage, this marginal reduction in risk may be due to residual/unmeasured confounding.

The other observed risk factors were similar to those previously reported, including among
adolescents in the South Australian RCT.[11] Drinking alcohol in the previous month was identified
as an independent risk factor for carriage and is potentially modifiable, although already targeted by

harm minimisation campaigns in Australia for other diseases.

Strengths and limitations

One of the study's main strengths is that both 4CMenB and MenACWY vaccinations were validated

using the RCT database and the Australian Immunisation Register, respectively. Very few participants

13



in this study were vaccinated with MenACWY, providing the opportunity to observe the effects of
4CMenB vaccine on carriage with little potential for confounding due to receipt of other
meningococcal vaccines. The majority of the staff conducting the swabbing had 2-3 years’
experience, received specific training, and were also involved in the cluster RCT, ensuring consistent

technique.

Limitations include the lower than anticipated recruitment in 2019 and 2020. Many of those enrolled
as school leavers in 2018 were previous RCT participants who were swabbed when they returned to
receive their 4CMenB vaccination (RCT control group). The 2019 and 2020 cohorts were only invited
to have a swab taken, making recruitment more challenging. The recruitment period was extended
in 2019 and 2020, compared to 2018, to increase enrolment. In 2020, recruitment commenced in
university orientation week as planned in February, but restrictions due to COVID-19 meant that
swabbing could not recommence until the second half of the year. The smaller than expected
samples in 2019 and 2020, and lower observed carriage prevalence than anticipated, reduced the
study's ability to detect small differences in carriage between years. Lower rates of smoking and
other risk factors for carriage are likely to be the primary reason for lower than anticipated carriage
prevalence. This was reflected in the UK, where the reduced prevalence of behaviours associated
with carriage has contributed to reduced carriage over 15 years.[42] Extending the recruitment
period and the different recruitment methods used in 2020 and 2019, compared to 2018, may have
also increased the risk of bias and confounding. To minimise the risk of bias due to confounding, we
adjusted for known pre-specified risk factors for carriage. Due to differences in recruitment methods
from 2019, additional analyses were conducted to adjust for the timing of the swab, participant’s
age, socio-economic disadvantage, and remoteness. However, some residual unmeasured

confounding may still be present.

Conclusion

14



There was no evidence from this study to suggest that vaccination coverage up to 78% with 4CMenB
results in a reduction of disease-associated N. meningitidis carriage in older teenagers. This finding is
consistent with earlier studies and reaffirms that 4CMenB immunisation programs should focus on

direct (individual) protection for groups at greatest risk of meningococcal disease.
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Table 1. Baseline characteristics for 2018, 2019, and 2020 school leavers

2018 2019 2020
(N = 4107) (N = 2695) (N = 1343)
Timing of swab
Jan-March 2474 (60.2) 1582 (58.7) 741 (55.2)
April-June 1534 (37.4) 573 (21.3) 0(0.0)
July-Sept 99 (2.4) 365 (13.5) 602 (44.8)
Oct-Dec 0(0.0) 175 (6.5) 0(0.0)
4CMenB vaccination
Yes, <=12 months since dose 2 1708 (41.6) 728 (27.0) 13 (1.0)
Yes, >12 months since dose 2 70(1.7) 1384 (51.4) 1011 (75.3)
Partial (1 dose only) 49 (1.2) 64 (2.4) 42 (3.1)
No 2280 (55.5) 519 (19.3) 277 (20.6)
MenACWY vaccination 55 (1.3) 75 (2.8) 278 (20.7)
Participation in the ‘B Part of It’ RCT 3760 (91.6) 2121 (78.7) 988 (73.6)
Age in years: mean (SD) 18.45 (0.7) 18.49 (0.5) 18.55 (0.60)
Gender (Female) 2400 (58.4) 1660 (61.6) 810 (60.3)
Smoking in the last week 97 (2.4) 79 (2.9) 32 (2.4)
Smoked e-Cigarette in the last week 55 (1.3) 106 (3.9) 18 (1.3)
Smoked water pipe in last month 192 (4.7) 127 (4.7) 30(2.2)
Drank alcohol in the last month 2846 (69.3) 1866 (69.2) 937 (69.8)
Remoteness Area
Major Cities of Australia 2928 (71.3) 2192 (81.3) 1142 (85.0)
Inner Regional Australia 680 (16.6) 339 (12.6) 148 (11.0)
Outer Regional Australia 320 (7.8) 76 (2.8) 26 (1.9)
Remote Australia 126 (3.1) 32(1.2) 6 (0.4)
Very Remote Australia 47 (1.1) 3(0.2) 1(0.1)
Missing 6 (0.1) 53(2.0) 20(1.5)
Index of Socio-economic Disadvantage
1 (most disadvantaged) 832 (20.3) 429 (15.9) 212 (15.8)
2 668 (16.3) 405 (15.0) 189 (14.1)
3 679 (16.5) 466 (17.3) 226 (16.8)
4 841 (20.5) 542 (20.1) 284 (21.1)
5 (least disadvantaged) 1081 (26.3) 799 (29.7) 412 (30.7)
Missing 6 (0.1) 54 (2.0) 20(1.5)
Ethnicity
Aboriginal 60 (1.5) 25(0.9) 20 (1.5)
Torres Strait Islander 7 (0.2) 5(0.2) 8 (0.6)
Caucasian 3063 (74.6) 1868 (69.3) 893 (66.5)
Asian 440 (10.7) 467 (17.3) 287 (21.4)
Middle Eastern 66 (1.6) 58 (2.2) 19 (1.4)
African 66 (1.6) 49 (1.8) 19 (1.4)
Pacific Islander 6 (0.2) 11 (0.4) 0(0.0)
Other 231 (5.6) 131 (4.9) 62 (4.6)
Missing 168 (4.1) 81(3.0) 35(2.6)

* Ns (%) presented unless otherwise indicated.
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Table 2. N. meningitidis carriage prevalence for 2018, 2019 and 2020 school leavers

N. meningitidis carriage 2018 2019 2020 Total

(N =4104) (N = 2690) (N =1338) (N = 8132)

N (%) N (%) N (%) N (%)
Disease-associated (A, B, C, W, X, Y)' 225 (5.48) 134 (4.98) 68 (5.08) 427 (5.25)
Any 393 (9.58) 227 (8.44) 106 (7.92) 726 (8.93)
Genogroup B 86 (2.10) 64 (2.38) 43 (3.21) 193 (2.37)
Genogroup A 0(0) 0(0) 0(0) 0(0)
Genogroup C 16 (0.39) 8(0.30) 3(0.22) 27 (0.33)
Genogroup W 21 (0.51) 4 (0.15) 3(0.22) 28 (0.34)
Genogroup X 1(0.02) 6 (0.22) 2 (0.15) 9(0.11)
Genogroup Y 105 (2.56) 57 (2.12) 31(2.32) 193 (2.37)
Genogroup E 23 (0.56) 7 (0.26) 4 (0.30) 34 (0.42)
Non-groupable* 168 (4.09) 93 (3.46) 38 (2.84) 299 (3.68)

* ‘non-groupable’ carriage is defined as failure to detect genogroup A, B, C, W, X, or Y, in those with
porA detected. T Less than the individual serogroup total because more than one isolate has been

detected in some participants.
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Table 3 Unadjusted and adjusted analyses of N. meningitidis carriage in school leavers in 2020 and 2019 compared to 2018 (N=8132)

Genogroup Effect Unadjusted OR (95% Cl) p-value Adjusted OR (95% CI)* p-value Adjusted OR (95% CI)’ p-value
Disease-associated 0.63* 0.71* 0.25*
2019 vs 2018 0.90(0.73,1.13) 0.37 0.91(0.72, 1.14) 0.40 0.82 (0.64, 1.05) 0.12
2020 vs 2018 0.92 (0.70,1.22) 0.57 0.96 (0.71, 1.30) 0.79 0.82(0.57,1.17) 0.27
Any N. meningitidis 0.10% 0.19% 0.29%
2019 vs 2018 0.87(0.73,1.03) 0.11 0.86 (0.72, 1.03) 0.10 0.86 (0.71, 1.04) 0.12
2020 vs 2018 0.81(0.65, 1.02) 0.07 0.85 (0.66, 1.09) 0.20 0.89 (0.66, 1.18) 0.42
Genogroup B 0.07% 0.14*% 0.81%
2019 vs 2018 1.14 (0.82, 1.58) 0.44 1.13 (0.80, 1.58) 0.49 0.98 (0.67, 1.42) 0.90
2020vs 2018 1.55 (1.07, 2.25) 0.02 1.51 (1.00, 2.29) 0.05 1.14 (0.69, 1.89) 0.60
Genogroup C* 0.62"
2019 vs 2018 0.76 (0.33, 1.78) 0.53
2020vs 2018 0.57 (0.17,1.97) 0.38
Genogroup W¥ 0.04*
2019 vs 2018 0.29 (0.10, 0.84) 0.02
2020vs 2018 0.44 (0.13, 1.47) 0.18
Genogroup X* 0.12*
2019 vs 2018 9.17 (1.10, 76.23) 0.04
2020vs 2018 6.14 (0.56, 67.79) 0.14
Genogroup Y 0.50% 0.67% 0.28%
2019 vs 2018 0.82(0.60, 1.14) 0.25 0.86 (0.61, 1.20) 0.37 0.77 (0.53, 1.10) 0.15
2020 vs 2018 0.90 (0.60, 1.36) 0.62 0.94 (0.61, 1.47) 0.80 0.74 (0.44, 1.24) 0.25
Genogroup E 0.15%
2019vs 2018 0.46 (0.20, 1.08) 0.08
2020 vs 2018 0.53(0.18, 1.54) 0.24
Non-groupable® 0.08* 0.15* 0.87*
2019 vs 2018 0.84 (0.65, 1.09) 0.18 0.82(0.62, 1.07) 0.15 0.93(0.70, 1.25) 0.64
2020 vs 2018 0.68 (0.48, 0.98) 0.04 0.72 (0.49, 1.07) 0.10 1.02 (0.65, 1.60) 0.93

* Adjusted for MenACWY vaccination status, cigarette smoking, smoked water pipe in last month, days out at pub/club in last week, people kissed in last week, ethnicity, drank alcohol in last
month and presence of cold or sore throat (based on N=7575 observations). T Adjusted for the same variables as the original model plus age, timing of swab by quarter, remoteness area,
socio-economic status (based on N=7513 observations). ¥ Adjusted analysis not performed due to small number of observations. § PorA detected and failure to detect genogroup A, B, C, W,

X, or Y. #Global p-value from a multiple-parameter Wald test)
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Table 4. Unadjusted and adjusted analyses of N. meningitidis carriage in 4CMenB vaccinated school leavers compared to 4CMenB unvaccinated school

leavers
N. meningitidis Vaccinated Unvaccinated  Unadjusted OR p-value Adjusted OR* p-value  Adjusted OR’ p-value
genogroup n (%) n (%) (95% ClI) (95% ClI) (95% ClI)

(N =4904) (N =3228)

Disease-associated 252 (5.24) 175 (5.42) 0.95 (0.78, 1.15) 0.58 0.85 (0.69, 1.05) 0.13 0.84 (0.68, 1.04) 0.11
Any group 421 (8.58) 305 (9.45) 0.90 (0.77, 1.05) 0.18 0.82 (0.70, 0.97) 0.02 0.83 (0.70, 0.98) 0.03
Group B 118  (2.41) 75 (2.32) 1.04 (0.77, 1.39) 0.81 0.91 (0.67, 1.24) 0.55 0.87 (0.63, 1.20) 0.39
Group C* 13 (0.27) 14 (0.43) 0.61 (0.29, 1.30) 0.20
Group W* 11 (0.22) 17  (0.53) 0.42 (0.20, 0.91) 0.03
Group X* 8 (0.16) 1 (0.03) 5.27 (0.66,42.18)  0.12
Group Y 119  (2.43) 74 (2.29) 1.06 (0.79, 1.42) 0.70 0.96 (0.71, 1.30) 0.79 0.93 (0.68, 1.27) 0.65
Group E* 17 (0.35) 17 (0.53) 0.66 (0.34, 1.29) 0.22
Non-groupable® 169  (3.45) 130 (4.03) 0.85 (0.67, 1.07) 0.17 0.80 (0.63, 1.03) 0.08 0.84 (0.65, 1.08) 0.16

* Adjusted for MenACWY vaccination status, cigarette smoking, smoked water pipe in last month, days out at pub/club in last week, people kissed in last week, ethnicity,

drank alcohol in last month and presence of cold or sore throat, (complete cases included in adjusted model n=7575). t Adjusted for the same as the previous model plus

age, timing of swab by quarter, remoteness area, socio-economic status, (complete cases included in adjusted model n=7513). ¥ Adjusted analysis not performed due to
small number of observations. § PorA detected and failure to detect genogroup A, B, C, W, X, or Y.
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Table 5. Characteristics associated with carriage prevalence of disease-associated genogroups of

N. meningitidis (A, B, C, W, X, Y) in South Australian school leavers

Characteristic Level Frequency (%) Adjusted OR* (95% Cl) p-value
Timing of swab (quarter) Jan-March 218 /4790 (4.55) 1 0.12%

April-lune 124 /2105 (5.89) 1.17 (0.90, 1.51) 0.24

July-Sept 74 / 1064 (6.95) 1.46 (1.06, 2.00) 0.02

Oct-Dec 11/173 (6.36) 1.33 (0.66, 2.65) 0.42
Remoteness area Major cities of Australia 324 / 6254 (5.18) 1 0.11t

Inner Regional Australia 51/1165 (4.38) 0.82(0.59, 1.13) 0.22

Outer Regional Australia 33/422 (7.82) 1.67 (1.07, 2.61) 0.02

Remote Australia 9/164 (5.49) 0.97 (0.45, 2.09) 0.93

Very Remote Australia 3/49 (6.12) 1.00 (0.22, 4.50) 1.00
Index of Relative Socioeconomic 1 (most disadvantaged) 54 /1471 (3.67) 1 0.37%
Disadvantage (IRSD) quintile 2 58 /1260 (4.60) 1.09 (0.72, 1.66) 0.68

3 62 /1370 (4.53) 1.07 (0.72, 1.61) 0.74

4 98 / 1665 (5.89) 1.32(0.91, 1.93) 0.15

5 (least disadvantaged) 148 / 2287 (6.47) 1.34(0.93, 1.94) 0.12
Gender Male 178 /3223 (5.52) 1 0.64t

Female 247 / 4864 (5.08) 0.91(0.73,1.13) 0.38

Other* 0/9 (0.00)

Rather not say 1/17 (5.88) 1.42(0.18,11.45) 0.74
Age in years - 1.19(0.99, 1.42) 0.06
Current cold or sore throat No 377 /7296 (5.17) 1

Yes 43 /737 (5.83) 0.93 (0.65, 1.32) 0.68
Antibiotics None 377 /7189 (5.24) 1 0.46t

Stopped in last month 25/430 (5.81) 0.91 (0.58, 1.43) 0.68

Stopped in last week 12 /167 (7.19) 1.32(0.69, 2.53) 0.39

Currently taking 9/248 (3.63) 0.62 (0.30, 1.29) 0.20
MenACWY vaccination status Unvaccinated 411 /7765 (5.29) 1

Vaccinated 16 /367 (4.36) 0.74 (0.43, 1.28) 0.28
Cigarette smoking No 407 / 7891 (5.16) 1

Yes 18 /208 (8.65) 0.94 (0.53, 1.69) 0.85
Smoked e-cigarette last week No 415/7836 (5.30) 1

Yes 9/179 (5.03) 0.81 (0.40, 1.65) 0.56
Smoked water pipe last month No 394 /7713 (5.11) 1

Yes 31/349 (8.88) 1.49 (0.96, 2.30) 0.07
Days out at pub/club last week 0 148 / 4538 (3.26) 1

1 or more 274 /3463 (7.91) 1.56 (1.23, 1.97) <0.001
People kissed in last week 0 175/ 4838 (3.62) 1

1 or more 245 /3044 (8.05) 2.22 (1.67,2.94) <0.001
Currently in a relationship No 250/ 5422 (4.61) 1

Yes 172 / 2594 (6.63) 0.73 (0.55, 0.96) 0.02
Ethnicity Caucasian 358 /5816 (6.16) 1 0.01t

Asian 26/1193 (2.18) 0.49 (0.31, 0.76) 0.002

Aboriginal or Torres Strait Islander 7/122 (5.74) 1.29 (0.58, 2.90) 0.53

Other 28/718 (3.90) 0.73 (0.47, 1.13) 0.16
Drank alcohol last month No 39 /2367 (1.65) 1

Yes 383 /5641 (6.79) 2.33(1.59, 3.40) <0.001
Work status Full-time work 35/471 (7.43) 1 0.06t

Part-time work 42 /583 (7.20) 0.87 (0.52, 1.46) 0.60

Part-time work + study 87 /1359 (6.40) 1.00 (0.63, 1.59) 0.99

Full-time study 236/4791 (4.93) 0.90 (0.59, 1.38) 0.64

Not working or studying 22 /632 (3.48) 0.56 (0.31, 1.02) 0.06

Other 2/245 (0.82) 0.17 (0.04, 0.71) 0.02
Number of persons/room 0-1 246 /4018 (6.12) 1 0.04t

>1to<2 171/ 3850 (4.44) 0.76 (0.61, 0.94) 0.01

>2 4/103 (3.88) 0.77 (0.23, 2.59) 0.67
Used mouthwash in last month No 344 / 6602 (5.21) 1

Yes 80/ 1473 (5.43) 0.99 (0.75, 1.29) 0.92
Other smokers at home No 327 /6368 (5.14) 1

Yes 92 /1559 (5.90) 1.12 (0.86, 1.45) 0.39

* Excluded from analysis due to insufficient variation in outcome. t Global p-value from a multiple-parameter
Wald test (applicable for categorical characteristics with three or more levels). Analysis adjusted for all
characteristics in the table, based on N=7260 participants with complete data for all included risk factors.
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year
[]2018 [66)
[] 2019 44
1 2020 23]

clonal complex (MLST) O

[l sT-41/44 complex 52] \'\?
[7] sT-32 complex [50]
[l ST-213 complex [15]
[ ST-162 complex [6]
[l ST-4821 complex [4]

C.

MenDeVAR
[l insufficient data [64]
[ exact match [49)]
[l none [13]
[ cross-reactive [1]

Typing (BAST))

Figure 1. GrapeTree analysis using cgMLST v1.0 on the PubMLST.org/neisserria website of 133 genogroup B
meningococci isolated from the 726 meningococcal positive participants. Annotated by: a. year of isolation; b. clonal
complex; c. MenDeVar index.[43] Open circles indicate isolates with no value (i.e. unassigned to a cc or MenDeVAR).
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