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A B S T R A C T   

Introduction: The incidence of invasive meningococcal disease (IMD) among Norwegian 16–19-year-olds was 
1–7/100,000 in the decade before the COVID-19 pandemic, with serogroup Y (MenY) dominance. In contrast to 
many other European countries, meningococcal vaccines are not part of the national immunisation program 
(NIP) in Norway. This cross-sectional study aimed to measure the degree of natural immunity against Neisseria 
meningitidis among adolescents in Norway to evaluate the need for introducing tetravalent meningococcal con-
jugate vaccine (MCV4) in the NIP. 
Materials and methods: Serum and saliva samples were collected from students in upper and lower secondary 
schools in Norway in 2018. Samples were analysed for meningococcal capsular polysaccharide (PS)-specific 
antibodies using a bead-based multiplex immunoassay. PS-specific antibody levels were linked to data on 
meningococcal carriage, vaccination status and risk factors for carriage (assessed with questionnaire) and ana-
lysed by linear regression of log transformed concentrations. A subset of samples from unvaccinated individuals 
was analysed for serum bactericidal antibodies (SBA). 
Results: A total of 1344 participants, median age 16 years (range 12–24), were included in the study. Overall, 
60.9% of the participants were female and 1137 (84.6%) were not vaccinated with MCV4. PS-specific antibody 
concentrations in serum and saliva were low among unvaccinated individuals for all serogroups and only 
6.7–20.0% of the subpopulation with high PS-specific antibodies assessed with SBA had protective levels. Un-
vaccinated MenY carriers had higher levels of MenY anti-PS IgG in serum and IgA in saliva than those not 
carrying MenY. Use of Swedish snus was associated with lower anti-PS IgG levels in serum and waterpipe use 
with lower anti-PS IgG levels in saliva. 
Conclusion: Unvaccinated adolescents in Norway have a low degree of natural immunity against the serogroups of 
N. meningitidis predominating among cases of IMD in this age group. Therefore, introduction of MCV4 for ad-
olescents in the NIP is recommended.   

1. Introduction 

Neisseria meningitidis, the meningococcus, is a human commensal 
colonising the upper respiratory tract, a condition referred to as car-
riage. Meningococcal carriage may, in rare instances, lead to the 
development of invasive meningococcal disease (IMD), with high 
morbidity and mortality [1–2]. The bacterium is classified into 
serogroups based on the structure of the polysaccharide (PS) capsule, its 

most important virulence factor [3]. Among the 12 known serogroups, 
six (A, B, C, W, X and Y) are responsible for most invasive cases. Ado-
lescents and young adults have increased risk of IMD, due to higher 
carriage rates and behaviour-related higher risk of transmission [4–7]. 

In the decade before the COVID-19 pandemic, the annual incidence 
of IMD in the general population in Norway was 0.3–0.8 per 100,000, 
whereas the incidence among 16–19-year-olds was 1–7 per 100,000 in 
the same period [8]. Serogroup B and Y have dominated in the general 
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population. However, almost all cases among adolescents were caused 
by serogroup Y. In 2018–19, the carriage rate among 18-year-olds in 
Norway was 16.4%, with a dominance of serogroup Y among encapsu-
lated isolates [9]. IMD among adolescents in Norway have been linked 
to an extensive celebration of graduation from secondary school among 
18–19-year-olds, the russ celebration [10]. The tetravalent ACWY 
meningococcal conjugate vaccine (MCV4) has been recommended for 
the 17–19-year-olds since 2011 and 16–19-year-olds since 2012. The 
vaccine is not included in the national immunisation program (NIP) and 
is therefore not funded by the government. Around 60% of 18-year-olds 
follow the recommendation [11]. 

Protective antibodies against meningococci are induced by vacci-
nation but can also be induced by carriage of the bacterium, or through 
cross-protective antibodies derived from carriage of antigenically 
similar bacteria such as Neisseria lactamica or Escherichia coli [12–16]. 
Whereas antibodies in serum are crucial for the protection against IMD 
[17–18], salivary antibodies may contribute to protection against 
acquisition and carriage of N. meningitidis [19]. As IMD can develop into 
a fatal outcome within hours, these circulating antibodies need to be 
present in sufficient amount at the onset of infection as recall responses 
of memory cells will not occur in time to control the infection [20]. 

Analysis of serum bactericidal antibodies (SBA) is considered the 
correlate of protection against IMD and is the basis for licensure of 
meningococcal vaccines [21–23]. Even though they are not the estab-
lished gold-standards, immunoassays analysing meningococcal PS- 
specific antibodies are easier to perform than SBA assays and can be 
used in immunosurveillance studies [24–26]. Anti-PS immunoglobulin 
(Ig) G levels in serum of vaccinated children have been shown to 
correlate with protection against serogroup A IMD [27]. 

The aim of this study was to measure the level of meningococcal PS- 
specific antibodies in serum and saliva among adolescents in Norway 
according to age, meningococcal carriage, vaccination history and risk 
factors for meningococcal carriage. We were particularly interested in 
characterising the immunity in unvaccinated participants in order to 
assess the need for introducing MCV4 in the NIP for adolescents in 
Norway. 

2. Materials and methods 

2.1. Study design and study population 

Students in lower (grades 8–10, ages 12–15) and upper (grades 
11–14, ages 15–24) secondary schools in South-Eastern Norway were 
recruited to a cross-sectional study, as described previously [9]. In the 
current study, only the participants recruited from October-November 
2018 were included as serum and saliva samples were only collected 
at that time. Informed consent was obtained from students aged ≥ 16 
years, while parental consent was requested for younger students. The 
study was approved by the Regional Committee for Medical and Health 
Research Ethics, South-East Norway (reference number 2018/465). In 
total, 1367 individuals from 12 lower and 13 upper secondary schools 
consented to participate in the study. 

2.2. Data collection 

Serum samples were collected by venepuncture into tubes without 
anticoagulant (Vacutainer serum tubes, BD, Franklin Lanes, NJ, USA) 
and transported to the laboratory in styrofoam containers at room 
temperature. Saliva samples were collected using Salivette® Cortisol 
(Sarstedt, Nümbrecht, Germany). The absorbent synthetic swab was 
placed in the mouth for 90s, transferred to a storage tube without pre-
servatives, and immediately placed in racks in styrofoam containers 
with ice. All samples reached the laboratory within 6 h of collection. At 
the laboratory, serum and saliva samples were centrifuged and aliquoted 
into Nunc cryotubes (Thermo Fisher Scientific Inc., Waltham, MA, USA). 
Serum samples were stored at − 20 ◦C and saliva samples at − 80 ◦C. 

Presence of meningococcal carriage and degree of exposure to risk 
factors for meningococcal carriage were assessed from all participants 
through throat swabs and electronic questionnaire data from all par-
ticipants, respectively, as previously described [9]. Vaccination status 
for MCV4 was obtained through linkage with the National Immunisation 
Registry SYSVAK, using the unique personal identification number 
assigned to all residents of Norway. 

2.3. Study samples 

Among the 1367 individuals consenting to participate, students 
without information on vaccination status or those missing results for 
both serum and saliva analyses were excluded from the study (11 and 12 
individuals, respectively) (Fig. 1). Among the 1344 remaining partici-
pants included in the study, serum samples from 1313 participants 
(1109 unvaccinated) and saliva samples from 1260 participants (1054 
unvaccinated) were analysed. After excluding individuals with incom-
plete questionnaire data, 1068 unvaccinated individuals with serum 
samples and 1018 unvaccinated individuals with saliva samples were 
included in the analyses of risk factors. 

2.4. Multiplex immunoassay 

Analyses of meningococcal anti-PS IgG in serum and anti-PS IgA and 
IgG in saliva against serogroup A (MenA), C (MenC), W (MenW) and Y 
(MenY) were performed using an in-house bead-based multiplex 
immunoassay (MIA) previously developed at Norwegian Institute of 
Public Health (NIPH) [28]. The assay is based on Luminex xMAP tech-
nology using the Bio-Plex 200TM system with Bio-Plex Manager version 
6.2 software (Bio-Rad, Hertfordshire, UK). Anti-meningococcal human 
reference serum CDC1992 99/706 (National Institute of Biological 
Standards and Controls (NIBSC), Hertfordshire, UK) was used as stan-
dard. The following modifications were adapted in the assay: 1) the 
purified capsular polysaccharides from MenA used was 98/722 and 13/ 
262 and from MenW 01/428 and 21/180 (NIBSC, Hertfordshire, UK), 2) 
all incubations were run at 850 rpm, 3) R-phycoerythrin (PE) conjugated 
goat anti-human IgA (Jackson ImmunoResearch Europe Ltd., Ely, UK) 
was used for detection of IgA antibodies. Anti-PS serum IgG antibody 
levels were reported in µg/mL and anti-PS saliva IgA and IgG antibody 
levels in ng/mL and represent absolute concentrations [29]. 

2.5. Serum bactericidal antibody assay 

SBA analyses were performed on a subset of serum samples from 30 
participants. The participants were randomly selected based on the 
following criteria: age 15–16 years (considered as the possible age 
groups targeted for MCV4 vaccination in the national immunisation 
program), no registry in SYSVAK of MCV4 vaccination in the past 5 
years, and N. meningitidis not detected by pharyngeal swabbing (non- 
carrier). Furthermore, the samples with anti-PS IgG against MenA, 
MenC, MenW and MenY in the higher range between the 50th and the 
90th percentiles as measured by MIA were chosen for SBA analyses since 
the bactericidal activity induced by sera from unvaccinated individuals 
was in any case assumed to be relatively low. 

A standardised SBA assay using baby rabbit complement (rSBA) was 
used with four target strains: MenA: F8238 (4/21:P1.20,9); MenC: C11 
(16:P1.7–1,1); MenW: M01240070 (NT:P1.18–1,3); and MenY: 
M00242975 (2a:P1.5,2) [30–31]. Bacterial suspensions at concentra-
tions of around 7 × 104 colony-forming units (CFU)/mL and baby rabbit 
complement (Pel Freez Biologicals, Milwaukee, WI, USA) was used. The 
reference serum CDC 1992 (NIBSC) was added to the complement 
source as positive control for MenA, MenC, MenW, and MenY. 

Heat-inactivated test sera were diluted two-fold (starting at 1:4) in 
microtiter plates. The samples were incubated with bacteria and com-
plement (active or heat inactivated) at 37 ◦C for 60 min before plating 
onto agar plates (Colombia agar with sheep blood, Thermo Scientific, 
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PB5039A, Vienna, Austria). CFU were counted (Sorcerer colony counter, 
Perceptive Instruments, England) after incubation of agar plates over-
night at 37 ◦C and 5% CO2. rSBA titres were expressed as the reciprocal 
of the highest serum dilution resulting in ≥ 50% killing of the menin-
gococcal strain in comparison to a control without serum. The lower 
limit of quantitation was an rSBA titre of 4. Sera with rSBA titres < 4 
were assigned a titre of 2 for computational purposes. 

2.6. Statistical analysis 

Geometric mean concentrations (GMCs) in serum and saliva and 
proportions of participants with antibody levels ≥ 2 µg/mL in serum, i.e. 
assumed protective level [27], were calculated for MenA, MenC, MenW 
and MenY. We used cluster-robust standard errors to calculate 95% 
confidence intervals (CIs) for the proportions and means to account for 
possible dependencies within schools. Means were evaluated by vacci-
nation status, age, sex, and carriage of N. meningitidis. Relation to car-
riage was only analysed for MenY as too few participants were carriers of 
the other serogroups. Age was defined as age in years at the time of 
sampling. When comparing unvaccinated and vaccinated individuals, 
we only included upper secondary school students, as all vaccinated 
individuals attended upper secondary schools. Moreover, we calculated 
pairwise Pearson correlation coefficients between log-transformed 
values of antibody levels in serum and saliva. 

Furthermore, we assessed whether MenY PS-specific antibody levels 
in serum and saliva were associated with meningococcal carriage and 
risk factors (questionnaire data). Only unvaccinated individuals were 

included in these analyses. Quantile-quantile (q-q) plots of natural log- 
transformed values did not show any severe deviations from a normal 
distribution. We therefore used multivariable linear regression with the 
log-transformed values as the outcome. The generalised estimating 
equations approach [32] was used to fit the linear regression model. An 
exchangeable correlation structure was assumed. We used cluster-robust 
estimates of the standard errors. The model included smoking habits 
(use of cigarettes, e-cigarettes and waterpipe), exposure to passive 
cigarette smoking at home, use of Swedish snus (smokeless tobacco), 
attendance of youth gatherings and parties, and recent throat infection. 
For the variables assessing smoking habits and the use of Swedish snus, 
the response categories ‘daily’ and ‘occasionally’ were merged. In 
addition, we adjusted for sex, age, and carriage of N. meningitidis (MenY 
carriage and non-MenY carriage). Multivariable analysis on the associ-
ation between MenY anti-PS IgG levels and risk factors was based on 
complete questionnaire data from 1068 individuals with serum samples 
and 1018 with saliva samples. 

The analyses were performed using Stata SE 17.0 (Stata-Corp, Col-
lege Station, Texas, USA). GraphPad Prism version 9 was used to 
generate figures (GraphPad Software, La Jolla, California USA). 

3. Results 

3.1. Characteristics of participants 

A total of 1344 participants were included in the study (Fig. 1). 
Median age was 16 years (range 12–24 years). Over two-thirds (67.9%) 

Fig. 1. Flow-chart for inclusion of participants in the study with regards to sampling, consent for assessment of meningococcal vaccination status and completion of 
questionnaires. Number of participants with serum and saliva sample results are shown. USS = upper secondary school students; LSS = lower secondary 
school students. 

S.V. Watle et al.                                                                                                                                                                                                                                 



Vaccine 41 (2023) 6529–6537

6532

of the participants attended upper secondary schools (grades 11–14) and 
93.4% of them were 16–18 years (range 15–24 years). In lower sec-
ondary schools (grades 8–10), the majority of students (97.5%) were 
13–15 years (range 12–15 years). Overall, 60.9% of participants were 
registered as female (50.2% females in lower secondary schools and 
66.1% females in upper secondary schools). Most of the participants 
were unvaccinated (84.6%). All vaccinated participants (n = 207) 
attended upper secondary schools in agreement with the national MCV4 
recommendation for 16–19-year-olds. The median time since vaccina-
tion was 349 days (interquartile range 219–358 days). Carriage of 
N. meningitidis was detected in 102 (7.6%) of the 1344 participants. Most 
carriage isolates were capsule null (lacking the capsule operon, 46.1%) 
followed by genogroup Y (21.6%), non-groupable (isolates with de-
letions or stop codons in the capsule locus, 11.8%), genogroup B 
(11.8%), genogroup C (2.9%), genogroup W (2.9%) and genogroup X 
(2.9%). Of the 102 carriers, 20 were vaccinated with MCV4, corre-
sponding to the proportion of vaccinated individuals in the study. 

3.2. PS-specific antibodies in serum 

Anti-meningococcal PS IgG GMCs in serum of the 1109 unvaccinated 
individuals per age, sex, and carriage of MenY are shown in Table 1. 
There were no major differences in anti-PS IgG GMCs in relation to age 
or sex, but the anti-PS MenY IgG GMCs were higher among the 18 car-
riers of MenY compared to the non-carriers. Furthermore, 66.7% (95% 
CI 40.4–85.5%) of the MenY carriers had anti-PS MenY IgG levels ≥ 2 
µg/mL, compared to 23.9% (95% CI 20.9–27.1%) of those not carrying 
MenY. 

Among the 890 participants in upper secondary schools from whom 
serum samples were analysed, the anti-PS IgG GMCs were four to 17 
times higher among the vaccinated (n = 204) compared to the unvac-
cinated (n = 686) individuals for serogroups A, C, W and Y (Table 2). 
The proportion of the unvaccinated upper secondary school students 
with anti-PS IgG levels above 2 µg/mL was 43.7% (95% CI 38.8–48.8%) 
for MenA, 7.3% (95% CI 4.9–10.7%) for MenC, 14.1% (95% CI 
10.8–18.3%) for MenW and 23.0% (95% CI 20.0–26.3%) for MenY, 
whereas for the vaccinated students, the proportions were 89.7% (95% 
CI 79.9–95.0%) for MenA, 67.6% (95% CI 60.0–74.5%) for MenC, 
56.4% (95% CI 38.1–73.0) for MenW and 80.9% (95% CI 63.5–91.1%) 
for MenY. 

3.3. Serum bactericidal antibodies 

In the subset of samples analysed for SBA (n = 30), rSBA titres were 
obtained for all 30 samples for MenA, MenC and MenW, and for 12 
samples for MenY. The remaining serum samples did not have defined 
killing curves for MenY. For the rSBA assay, titres of both ≥ 8 and ≥ 128 
have been suggested as the correlate of protection [33]. Median rSBA 
titers were 2 for all serogroups tested, i.e. below the level of protection. 
rSBA titer ≥ 8 was detected in 6 (20.0%) individuals against MenA, 2 
(6.7%) against MenC and 3 (10.0%) against MenW (Fig. 2). Among 
these, only 1 of 30 participants (3.3%) had rSBA titer ≥ 128 against 
MenA, MenC and MenW. For MenY, rSBA titer ≥ 128 was detected in 2 
of the 12 individuals (16.7%) with clearly defined killing curves. Only 
two participants had protective rSBA titres ≥ 8 against two serogroups, 
one against MenW and MenY and the other against MenC and MenY. 
None of the participants had protective titres against more than two 
serogroups. 

3.4. PS-specific antibodies in saliva 

Anti-meningococcal PS IgA and IgG GMCs in saliva of the 1054 un-
vaccinated individuals per age, sex, and carriage of MenY are shown in 
Table 3. Anti-PS IgA GMCs showed a slightly increasing trend with age 
for all serogroups. The same pattern was not observed for anti-PS IgG 
GMCs, where there was a small dip in antibody levels in 16–18-year- 
olds. However, the absolute differences by age for both anti-PS IgA and 
IgG were small. As observed for anti-PS IgG GMCs in serum, anti-PS IgA 
and anti-PS IgG GMCs in saliva were similar between sexes. Anti-PS 
MenY IgA GMC was higher among the 19 carriers of MenY with saliva 
samples than among the non-carriers, while this difference was not 
observed for salivary anti-PS MenY IgG. 

There were no major differences in anti-PS IgA and IgG GMCs be-
tween vaccinated and unvaccinated individuals among the 876 upper 
secondary school students (Table 2). 

3.5. Correlations between PS-specific antibodies in serum and saliva 

Among all unvaccinated individuals (carriers and non-carriers 
collectively), the correlation between meningococcal PS-specific anti-
body levels was low between serum and salivary IgG (Rho 0.1–0.2), 
serum IgG and salivary IgA (Rho 0.1–0.4), and between salivary IgA and 
IgG (Rho 0.3–0.4) for all serogroups. For the unvaccinated carriers of 

Table 1 
Geometric mean concentrations (GMCs) for anti-meningococcal serogroup A, C, W and Y polysaccharide-specific IgG in serum (n = 1109) by age, sex, and MenY 
carriage status among unvaccinated participants.   

n* MenA GMC 
(95% CI) 

n* MenC GMC 
(95% CI) 

n* MenW GMC 
(95% CI) 

n* MenY GMC 
(95% CI) 

Serum IgG (µg/mL) 
Age 
≤13 144 2.10 (1.79–2.47) 144 0.35 (0.26–0.49) 144 0.54 (0.45–0.65) 144 0.92 (0.75–1.13) 
14 135 2.13 (1.67–2.72) 135 0.33 (0.23–0.47) 135 0.48 (0.37–0.63) 135 0.82 (0.60–1.12) 
15 158 2.35 (1.95–2.83) 158 0.33 (0.27–0.41) 158 0.55 (0.46–0.65) 158 0.95 (0.78–1.15) 
16 276 1.58 (1.44–1.74) 276 0.24 (0.20–0.29) 276 0.42 (0.34–0.52) 276 0.62 (0.55–0.70) 
17 186 1.37 (1.21–1.57) 186 0.21 (0.17–0.26) 186 0.35 (0.31–0.39) 186 0.58 (0.48–0.70) 
18 173 2.01 (1.69–2.39) 173 0.32 (0.25–0.42) 173 0.51 (0.37–0.70) 173 0.83 (0.66–1.04) 
≥19 37 1.73 (1.23–2.44) 37 0.32 (0.23–0.44) 37 0.36 (0.20–0.64) 37 0.88 (0.36–2.17)  

Sex 
Male 453 1.98 (1.73–2.28) 453 0.31 (0.26–0.37) 453 0.50 (0.42–0.58) 453 0.90 (0.76–1.06) 
Female 656 1.73 (1.57–1.92) 656 0.27 (0.24–0.31) 656 0.43 (0.38–0.49) 656 0.66 (0.58–0.76)  

Carriage 
MenY carrier NA NA NA NA NA NA 18 2.06 (0.89–4.79) 
Not MenY carrier NA NA NA NA NA NA 1090 0.74 (0.66–0.83) 

NA = not applicable. 
* Number of samples with valid results per group analysed. 
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MenY, anti-PS MenY IgG levels in serum were strongly correlated with 
anti-PS MenY IgA levels in saliva (Rho 0.8) (Fig. 3a), and moderately 
correlated with salivary anti-PS MenY IgG levels (Rho 0.6) (Fig. 3b). The 
correlation between anti-PS IgG in serum and rSBA in the unvaccinated 
non-carriers was low for all the four serogroups (Pearson’s Rho 0.1–0.3). 

3.6. Risk factors associated with differences in MenY antibody levels 

We studied whether risk factors were associated with MenY PS- 
specific antibody levels in unvaccinated participants using multivari-
able analysis. Characteristics of the participants included in the analyses 
of risk factors are shown in Table 4. 

Male sex was associated with higher anti-PS MenY serum IgG and 
salivary IgA levels compared to females (Table 5), but the absolute 
difference in concentration without correcting for possible confounders 
was small and the confidence intervals overlapping. A sex-dependent 
difference was not seen for anti-PS MenY salivary IgG. MenY carriers 
had higher levels of anti-PS MenY IgG in serum and IgA in saliva than 
non-carriers. The use of Swedish snus daily or occasionally was associ-
ated with lower anti-PS MenY IgG levels in serum. Daily or occasional 
use of waterpipe was associated with lower anti-PS MenY salivary IgG 
levels. Partying 7–10 times a week was associated with lower anti-PS 
MenY salivary IgA levels compared to not partying. 

4. Discussion 

Our results showed that anti-meningococcal PS antibody levels in 
serum and saliva were low among unvaccinated non-carriers for all 
serogroups and most of the subpopulation assessed with SBA did not 
have protective levels. MenY carriers had higher anti-PS MenY serum 
IgG and salivary IgA than those not carrying MenY. Use of Swedish snus 
was associated with lower serum anti-PS MenY IgG levels and use of 
waterpipe with lower salivary anti-PS MenY IgG levels. As expected, the 
serum anti-PS IgG levels were lower among the unvaccinated partici-
pants than the vaccinated for all serogroups, whereas the anti-PS IgA 
and IgG levels in saliva did not differ by vaccination status. 

4.1. Antibody responses in serum 

The anti-meningococcal PS MenA IgG levels in serum were in general 
higher than for the other tested serogroups, as reported by others [26]. 
This is probably a result of cross-protective antibodies through exposure to 
other bacteria with similar antigens as MenA [34–35]. Peltola and col-
leagues showed that 60% of the unvaccinated individuals had MenA serum 
anti-PS Ig levels considered as protective (≥2µg/mL measured by radio-
immunoassay) [27]. Less than one in four in our study had equivalently 
high anti-PS IgG levels for MenC, MenW and MenY. In contrast, 56–90% of 
vaccinated individuals had serum anti-PS IgG above this level for all 
serogroups. This indicates that unvaccinated individuals have low degree 
of natural immunity against IMD caused by serogroups circulating in this 

Table 2 
Geometric mean concentrations (GMC) for anti-meningococcal serogroup A, C, W and Y polysaccharide specific IgG in serum (n = 890) and IgA and IgG in saliva (n =
876) by vaccination status among students in upper secondary schools.   

n* MenA GMC (95% CI) n* MenC GMC (95% CI) n* MenW GMC (95% CI) n* MenY GMC (95% CI) 

Serum IgG (µg/mL) 
Unvaccinated 686 1.63 (1.48–1.81) 686 0.26 (0.23–0.29) 686 0.42 (0.35–0.50) 686 0.67 (0.58–0.77) 
Vaccinated 204 7.27 (5.90–8.95) 204 4.33 (3.38–5.55) 204 2.39 (1.52–3.76) 204 4.72 (3.31–6.73)  

Saliva IgA (ng/mL) 
Unvaccinated 578 20.81 (17.96–24.12) 628 8.11 (7.02–9.37) 650 10.94 (9.60–12.47) 620 22.60 (18.94–26.96) 
Vaccinated 188 23.18 (18.91–28.40) 198 10.45 (8.75–12.48) 204 14.78 (11.08–19.70) 204 28.01 (21.47–36.54)  

Saliva IgG (ng/mL) 
Unvaccinated 543 101.22 (47.15–217.30) 516 3.30 (1.56–6.95) 490 3.98 (1.78–8.88) 570 7.40 (3.46–15.83) 
Vaccinated 181 55.93 (23.15–135.11) 174 4.43 (2.68–7.32) 158 3.89 (2.26–6.68) 181 7.46 (4.23–13.16)  

* Number of samples with valid results per group analysed. 

Fig. 2. Proportion of unvaccinated participants with baby rabbit serum bactericidal antibody (rSBA) levels ≥ 8 or ≥ 128 against meningococcal serogroup A (n =
30), C (n = 30), W (n = 30) and Y (n = 12). 
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age group in Norway and that natural immunity is not inducing adequate 
protection against IMD. However, the level of ≥ 2 µg/mL was only sug-
gested protective for MenA [27]. A Dutch study has shown that adolescents 
with anti-PS IgG levels below 2 µg/mL for serogroups A, W and Y had high 
SBA titres against the same serogroups [36], indicating that the protective 
level for anti-PS IgG in serum might be lower than 2 µg/mL. 

The multivariable analysis showed that users of Swedish snus had 
lower anti-meningococcal PS MenY IgG levels in serum compared to non- 

users. Nicotine has been shown to reduce both humoral and cellular im-
munity [37], which supports our findings. We did not find a similar as-
sociation for cigarette smokers or e-cigarette users. However, only 3.8% of 
the cigarette smokers and 9.9% of the e-cigarette users were daily users as 
opposed to 51.7% of the Swedish snus users. Moreover, Swedish snus users 
could be exposed to higher plasma concentrations of nicotine [37–41] 
which might contribute to the difference in antibody levels. 

Table 3 
Geometric mean concentrations (GMCs) for anti-meningococcal serogroup A, C, W and Y polysaccharide-specific IgA and IgG in saliva (n = 1054) by age, sex, and 
MenY carriage status among unvaccinated participants.   

n* MenA GMC (95% CI) n* MenC GMC (95% CI) n* MenW GMC (95% CI) n* MenY GMC (95% CI) 

Saliva IgA (ng/mL) 
Age 
≤13 108 11.46 (9.04–14.54) 108 6.00 (4.02–8.95) 112 7.28 (6.03–8.79) 112 14.43 (11.49–18.12) 
14 108 13.88 (11.84–16.28) 109 6.90 (5.33–8.92) 111 8.16 (6.73–9.89) 107 17.49 (15.19–20.15) 
15 124 13.72 (11.93–15.77) 117 5.78 (4.38–7.63) 125 8.45 (7.19–9.94) 122 17.77 (14.76–21.40) 
16 225 20.41 (17.55–23.73) 248 8.08 (6.73–9.70) 261 11.10 (9.59–12.85) 245 22.38 (18.16–27.58) 
17 161 18.45 (16.10–21.16) 171 6.55 (5.29–8.11) 177 9.25 (7.70–11.12) 173 19.41 (16.18–23.28) 
18 149 22.18 (16.89–29.12) 163 9.30 (7.65–11.31) 168 11.64 (10.35–13.10) 157 23.77 (17.96–31.46) 
≥19 32 32.03 (25.08–40.91) 33 13.27 (9.35–18.83) 30 14.98 (11.65–19.27) 33 36.56 (25.20–53.05)  

Sex 
Male 376 17.36 (14.08–21.40) 378 8.13 (6.64–9.94) 389 10.20 (8.64–12.05) 379 21.98 (18.12–26.67) 
Female 531 17.49 (15.31–19.99) 571 6.93 (6.12–7.86) 595 9.42 (8.46–10.48) 570 18.92 (16.63–21.53)  

Carriage 
MenY carrier NA NA NA NA NA NA 19 50.16 (29.98–83.92) 
Not MenY carrier NA NA NA NA NA NA 929 19.70 (17.09–22.71)  

Saliva IgG (ng/mL) 
Age 
≤13 113 157.24 (82.85–298.41) 117 6.37 (3.04–13.37) 108 9.81 (5.09–18.90) 107 21.41 (12.74–35.98) 
14 102 174.50 (90.63–335.97) 109 8.09 (4.25–15.43) 105 13.66 (8.16–22.88) 100 28.59 (18.03–45.33) 
15 115 164.23 (93.18–289.45) 120 7.05 (3.45–14.39) 105 12.26 (6.63–22.66) 108 24.77 (14.29–42.94) 
16 225 116.80 (52.35–260.63) 204 3.11 (1.24–7.81) 180 3.69 (1.47–9.26) 230 7.71 (3.43–17.31) 
17 146 70.01 (35.33–138.74) 149 2.52 (1.46–4.36) 141 3.15 (1.65–5.99) 158 5.43 (2.92–10.11) 
18 132 88.71 (35.01–224.81) 124 3.79 (1.64–8.78) 132 4.19 (1.82–9.61) 140 7.18 (3.32–15.51) 
≥19 29 368.41 (105.19–1290.37) 29 9.29 (2.24–38.45) 29 12.07 (1.51–96.54) 32 26.64 (4.58–155.04)  

Sex 
Male 350 113.68 (64.52–200.29) 349 4.77 (2.77–8.22) 329 6.84 (3.78–12.38) 361 13.87 (7.81–24.62) 
Female 512 127.66 (76.58–212.78) 503 4.30 (2.55–7.25) 471  5.58 (3.21–9.70) 514 9.90 (5.76–17.04)  

Carriage 
MenY carrier NA NA NA NA NA NA 11 11.37 (6.67–19.37) 
Not MenY carrier NA NA NA NA NA NA 863 8.34 (1.11–62.79) 

NA = not applicable. 
* Number of samples with valid results per group analysed. 

Fig. 3. Correlation between anti-meningococcal serogroup Y polysaccharide-specific IgG in serum and a) IgA in saliva (n = 18) and b) IgG in saliva (n = 10) among 
unvaccinated carriers of serogroup Y N. meningitidis using Pearson’s correlation coefficient (Rho). 
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4.2. Antibody responses in saliva 

Among the unvaccinated participants, there was a slight increase of 
salivary anti-meningococcal PS IgA with age for all serogroups, as seen 
in a study among children, college students and adults in the UK [42]. 
For MenY, this could be a result of increasing carriage of genogroup Y 
with age previously found among the study participants [9]. As observed 
in serum of the unvaccinated individuals, salivary anti-PS IgA levels 
against MenY were higher among carriers of MenY than among those not 
carrying MenY. A similar relationship between anti-MenB salivary IgA 
and MenB carriage was reported in the British study [42]. The same 
carriage-associated pattern was not seen for anti-PS MenY IgG in saliva. 
IgA is the dominating immunoglobulin on mucosal surfaces [43], 
whereas salivary IgG predominantly originates from transudate of serum 
over the mucosal barrier and is not produced locally [44]. Our results 
support that carriage-induced local immunity in unvaccinated in-
dividuals is driven by mucosal IgA production. 

Both anti-PS IgA and IgG in saliva are induced after vaccination with 
meningococcal conjugate vaccines [45], which could imply that in 
vaccinated individuals, IgG also contributes to prevention of meningo-
coccal attachment and colonisation. We did not detect any differences in 
PS-specific antibodies in saliva between unvaccinated and vaccinated 
individuals. The median time since vaccination in the vaccinated in-
dividuals in our study was almost one year. A Dutch study among ado-
lescents vaccinated with MCV4 found that salivary anti- PS IgA and IgG 
levels were increased one month after vaccination but were comparable 
to pre-vaccination levels after one year [25]. This suggests that vaccine- 
induced local immunity is short-lived. 

Use of Swedish snus was associated with lower anti-meningococcal 
PS IgG levels in serum. However, we did not find a similar association 
for salivary anti-PS IgA. We have previously shown that the use of 
Swedish snus is associated with higher meningococcal carriage rate [9], 
and in this study, we found that carriage was associated with higher 
anti-PS IgA in saliva. Thus, the negative effect of nicotine on antibody 
production may be counteracted by the antibody-inducing effect of 
carriage. A British study found a relationship between smoking and 
higher anti-PS IgA in saliva independent of carriage [42]. Nonetheless, 
we did not detect an equivalent association with smoking perhaps due to 
the low number of daily smokers. 

Table 4 
Characteristics of the unvaccinated participants assessed for association of risk 
factors and meningococcal serogroup Y polysaccharide-specific antibodies in 
serum and saliva. Based on complete questionnaire data from 1068 participants 
with serum samples and 1018 participants with saliva samples.  

Variable Response Participants with 
serum samples (%) 

Participants with 
saliva samples (%) 

Sex Male 432 (40.5) 410 (40.3)  
Female 636 (59.6) 608 (59.7) 

Age ≤13 141 (13.2) 132 (13.0)  
14 131 (12.3) 120 (11.8)  
15 150 (14.0) 134 (13.2)  
16 260 (24.3) 253 (24.9)  
17 183 (17.1) 178 (17.5)  
18 170 (15.9) 169 (16.6)  
≥19 33 (3.1) 32 (3.1) 

Carriage of genogroup Y 
N. meningitidis 

No 1051 (98.4) 1000 (98.2)  

Yes 17 (1.6) 18 (1.8) 
Use of Swedish snus† No 921 (86.2) 878 (86.3)  

Yes 147 (13.8) 140 (13.8) 
Cigarette smoker No 929 (87.0) 887 (87.1)  

Yes 139 (13.0) 131 (12.9) 
Exposure to passive 

smoking 
No 908 (85.0) 869 (85.4)  

Yes 160 (15.0) 149 (14.6) 
E-cigarette smoker No 1030 (96.4) 980 (96.3)  

Yes 38 (3.6) 38 (3.7) 
Use of waterpipe No 1042 (97.6) 992 (97.5)  

Yes 26 (2.4) 26 (2.6) 
Times attended social 

events‡ last 3 months 
None 315 (29.5) 287 (28.2)  

1–3 times 418 (39.1) 405 (39.8)  
4–6 times 173 (16.2) 166 (16.3)  
7–10 
times 

92 (8.6) 91 (8.9)  

> 10 
times 

70 (6.6) 69 (6.8) 

Throat pain/upper 
respiratory infection 
previous week 

No 
Yes 

678 (63.5) 
390 (36.5) 

647 (63.6) 
371 (36.4)  

† Smokeless tobacco. 
‡ Attending parties, bars, or big youth arrangements. 

Table 5 
Multivariable analysis of the association between anti-meningococcal serogroup Y polysaccharide-specific IgG levels in serum and IgA and IgG levels in saliva, and risk 
factors among unvaccinated individuals. Based on complete questionnaire data from 1068 participants with serum samples and 1018 participants with saliva samples.    

Serum IgG Saliva IgA Saliva IgG 

Variable  Coefficient (95% CI) Coefficient (95% CI) Coefficient (95% CI) 
Sex Male 1 (Ref) 1 (Ref) 1 (Ref)  

Female − 0.27 (− 0.45–− 0.10) − 0.15 (− 0.28–− 0.02) − 0.08 (− 0.41–0.24) 
Carriage of genogroup Y N. meningitidis No 1 (Ref) 1 (Ref) 1 (Ref)  

Yes 1.23 (0.34–2.11) 1.05 (0.56–1.54) − 0.47 (− 2.17–1.22) 
Use of Swedish snus† No 1 (Ref) 1 (Ref) 1 (Ref)  

Yes − 0.31 (− 0.53–− 0.10) 0.08 (− 0.10–0.27) − 0.13 (− 0.56–0.31) 
Cigarette smoker No 1 (Ref) 1 (Ref) 1 (Ref)  

Yes 0.08 (− 0.13–0.29) 0.05 (− 0.12–0.223 0.37 (− 0.12–0.86) 
Exposure to passive smoking No 1 (Ref) 1 (Ref) 1 (Ref)  

Yes 0.10 (− 0.18–0.39) 0.01 (− 0.18–0.21) 0.25 (− 0.06–0.56) 
E-cigarette smoker No 1 (Ref) 1 (Ref) 1 (Ref)  

Yes 0.05 (− 0.42–0.52) − 0.05 (− 0.37–0.28) − 0.12 (− 0.96–0.73) 
Use of waterpipe No 1 (Ref) 1 (Ref) 1 (Ref)  

Yes − 0.52 (− 1.23–0.19) − 0.29 (− 0.62–0.03) − 1.24 (− 2.10–− 0.37) 
Times attended social events‡ last 3 months None 1 (Ref) 1 (Ref) 1 (Ref)  

1–3 times − 0.05 (− 0.24–0.15) − 0.05 (− 0.15–0.05) 0.21 (− 0.10–0.51)  
4–6 times − 0.08 (− 0.34–0.17) − 0.13 (− 0.34–0.07) − 0.32 (− 0.82–0.18)  
7–10 times − 0.18 (− 0.57–0.22) − 0.28 (− 0.54–− 0.01) − 0.42 (− 1.05–0.21)  
> 10 times − 0.08 (− 0.45–0.30) − 0.23 (− 0.60–0.14) − 0.16 (− 0.71–0.39) 

Throat pain/upper respiratory infection previous week No 
Yes 

1 (Ref) 
− 0.02 (− 0.22–0.18) 

1 (Ref) 
− 0.01 (− 0.10–0.08) 

1 (Ref) 
0.21 (− 0.14–0.56)  

† Smokeless tobacco. 
‡ Attending parties, bars, or big youth arrangements. 
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4.3. Strengths and limitations 

The strengths of our study were the large number of participants and 
the investigation of both mucosal and systemic immunity against 
meningococci. A limitation to our study was that a correlate of protec-
tion against IMD based on specific serum Ig has only been suggested for 
MenA [27], and the level of protection against other serogroups might 
be different. However, as the anti-PS IgG levels in serum among the 
unvaccinated were low and the subset tested for SBA confirmed low 
degree of protection, even in those within the higher PS IgG range, it is 
likely that most of the unvaccinated individuals in our study were not 
adequately protected against IMD caused by serogroups C, W and Y. 
Since no carriers were included in the SBA analysis, we could not assess 
if the higher anti-PS MenY IgG levels among carriers of MenY were 
protective. A protective threshold has been suggested for MenC, MenW 
and MenY salivary IgG [46]. However, the thresholds were found to be 
less accurate in unvaccinated individuals which was the focus in this 
study. 

5. Conclusion 

Unvaccinated adolescents in Norway have low levels of meningo-
coccal PS-specific antibodies in serum and saliva against the predomi-
nant serogroups causing IMD in this age group. Carriage of 
N. meningitidis serogroup Y increases levels of IgG in serum and IgA in 
saliva against the homologous serogroup. However, natural immunity 
has only minor impact on antibody levels in serum among adolescents 
compared with vaccination with MCV4. Introduction of MCV4 in the 
national immunisation program is therefore recommended. 
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