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Background: This descriptive epidemiological study aimed to assess the prevalence of serum bactericidal antibodies against Neisseria
meningitidis serogroups A, C, W and Y in adolescents and adults in the Republic of Korea.

Materials and Methods: In total, 987 subjects aged 11-55 years from five geographical regions of Korea were included in the study.
Human serum bactericidal assay (hSBA) was used to measure hSBA titres for serogroups A, C, W and Y. Percentages of subjects with
hSBA titres >4 and 28, geometric mean titres (GMTs), and associated 95% confidence intervals (Cls), were estimated. Analysis was
performed for the entire study population and stratified by age group or region. No statistical hypotheses were tested.

Results: The highest percentage of subjects with hSBA titres 28 was observed for serogroup W (74%), was similar for serogroups C
(34%) and Y (36%), and was lowest for serogroup A (9%). The percentages of subjects with hSBA titres >4 were similar to those with
hSBA titres 28 for all serogroups. GMTs were 2.56 pg/mL (serogroup A), 5.14 pg/mL (serogroup C), 22.63 pg/mL (serogroup W) and
5.28 pg/mL (serogroup Y). Similar trends in GMTs across serogroups were seen for individual regions and age groups. The highest
GMTs for serogroups A, W and Y were recorded in the >19-29 years group, and for serogroup C in the >49-55 years group. Across
all regions, GMTs were very similar for serogroups A, C and Y, while more variation was seen for serogroup W.

Conclusion: In the Korean population, among Neisseria meningitidis serogroups A, C, W and Y, serum bactericidal antibodies
were most prevalent against serogroup W and least prevalent against serogroup A. These trends were maintained across age
groups and regions. The highest GMTs for serogroups A, W and Y were observed in the >19-29 years group. The reasons behind
the observed differences in prevalence of bactericidal antibodies against the serogroups are currently not understood, although
carriage and cross-reactivity of the assay may be important influences.
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Introduction

Neisseria meningitidis serogroups A, B, C, W, and Y are con-
sidered to be the main serogroups causing meningococcal
disease, accounting for over 90% of cases worldwide [1]. Me-
ningococcal disease has substantial morbidity and mortality,
even in those receiving early antibiotic treatment [2]. Case fa-
tality rates range from 5% to 10%, and survivors often suffer
long-term sequelae such as limb loss or neurological prob-
lems [3].

The distribution of cases caused by different meningococcal
serogroups varies geographically and temporally, and the dis-
ease can occur from sporadic cases up to large scale epidem-
ics. The majority of cases occur in the “meningitis belt” of
sub-Saharan African and since the introduction of an immu-
nisation campaign against serogroup A in 2010, are now pre-
dominantly caused by serogroup W [4]. Serogroups B, C and Y
are currently the predominant serogroups in North America,
B and C in Europe, and A and C in Asia, although there have
been few studies in the latter region [4-6]. In the Republic of
Korea, meningococcal disease is considered a category 3 noti-
fiable disease, with the possibility of intermittent outbreaks
[7]. Although the burden of meningococcal disease in Korea is
thought to be low, the number of reported cases fluctuates,
with the most recent peak in 2002 and 2003, when 63 cases
were reported [8]. Quadrivalent (ACWY) meningococcal vac-
cination is indicated for new recruits to the Korean army, but
is not included in the National Immunisation Programme [9)].

Worldwide, up to 10% of individuals in a population are
thought to be carriers of N. meningitidis [10]. Carriage varies
with age, with the highest carriage rates seen in adolescents
and the lowest in infants [10]. In Korea, carriage rates have
been estimated to be between 11% and 55%, depending on
the study population [11, 12]. However, carriage rates and bur-
den of disease are not correlated [13], and asymptomatic car-
riage tends to be an immunising event, leading to the produc-
tion of bactericidal antibodies against the carried strain [1]. In
arecent clinical trial of the quadrivalent MenACWY-CRM vac-
cine in adolescents and adults in Korea, a high proportion of
subjects with baseline functional bactericidal antibodies
against serogroup W was noted [14].

This descriptive epidemiological study aimed to investigate
the prevalence of serum bactericidal antibodies against sero-
groups A, C, W and Y in adolescents and adults aged 11-55
years in five regions of Korea.

Materials and Methods

The study was conducted between May and November 2013
at six medical sites in the five main geographical regions of
Korea (Seoul, Gyeonggi-do [2 sites], Jeolla-do, Chungc-
heong-do, and Gyeongsang-do). The protocol was approved
by the institutional review boards for each site and the study
was conducted in accordance with the principles of Good
Clinical Practice, with local applicable regulations, and the
ethical principles laid down in the Declaration of Helsinki.
Prior to enrolment, written informed consent was obtained
from each of the subjects (>20 years), or from the subject’s
parent/legal guardian (11-19 years). Informed assent was also
obtained where possible from subjects < 20 years.

Adolescents and adults between 11 and 55 years of age, who
were generally in good health, or those with controlled
non-serious chronic conditions, were included in the study.
Subjects were excluded from enrolment if they were currently
taking or had (within 7 days of screening) taken antibiotics, or
had received a prior meningococcal vaccination or a vaccina-
tion containing meningococcal antigen. Additional exclusion
criteria were uncontrolled/progressive or serious chronic ill-
ness, any condition associated with prolonged bleeding time
or use of blood thinning medication, recent use of immuno-
stimulants or immunosuppressive therapy (within 28 days),
receipt of immunoglobulin or blood products (within 90 days)
or known pregnancy.

At enrolment, a number of demographic variables were col-
lected to allow for a description of the study population and to
determine the prevalence of factors that may impact N. men-
ingitidis antibody titres. These data included age, sex, ethnici-
ty, region/city of main residence, highest level of education
obtained, current employment/education status, number of
members/children under 10 years sharing household, wheth-
er the subject lived in a dormitory residence or not. In addi-
tion, health status information such as concomitant medica-
tions, any current controlled non-serious conditions, and any
previous self-reported meningococcal disease were recorded.

A single 10 mL blood sample was taken from each enrolled
subject. Serum samples were prepared at site, stored at -18°C,
and shipped to the Novartis Clinical Sciences Laboratory
(Marburg, Germany) for analysis. Serum antibody titres for
serogroups A, C, W and Y were measured using the human
serum bactericidal assay (hSBA) [15]. For each of the sero-
groups, the percentage of subjects with hSBA titres >4 and >8,
hSBA geometric mean titres (GMTs) and associated 95% con-
fidence intervals (CI) were calculated. Data were analysed de-
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scriptively for the entire study population, as well as by age
group and by geographic region. For sub-group analysis by
age group, data were split into five age strata (>11-19 years,
>19-29 years, >29-39 years, >39-49 years, >49-55 years). No
formal statistical hypotheses were tested. The planned study
size was 900 evaluable subjects, with equal distribution across
age group and geographic region for sub-group analysis.
Based on approximately 180 subjects in each subgroup and
55% of these subjects with an hSBA titre >4 or 8, the confi-
dence interval around the point estimate would be 47.4-
62.4%.

Results

The mean age of subjects in the study was 34 years (Table 1).
All subjects were of Asian ethnicity. Sex distribution of the
study participants differed between age groups, with approxi-
mately half of the adolescent age group (=11-19 years) being
male, and one quarter being male in the >39-49 years and
>49-55 years age groups. Subject enrolment was evenly dis-
tributed across the five age groups and study regions. The ma-
jority of subjects obtained high school education or above,
which is consistent with the general population trends in Ko-
rea [16]. In contrast to the population statistics, a higher per-
centage of subjects were unemployed (12%) than was report-
ed for Korea in 2013 (3.2% for the 15-64 years age group), and
the number of people sharing a household with less than
three other people (approximately 15%) was lower than the

Table 1. Demographics of the study population. Data are presented as

number of subjects (percentage in parenthesis) unless otherwise stated
.

Characteristic N =987

Demographics
Mean age, yrs (+SD) 34.0+13.4
Male 331 (34%)
Female 656 (66%)
Asian 987 (100%)

Region of main residency
Seoul 134 (14%)
Gyeonggi-do 235 (24%)
Jeolla-do 200 (20%)
Chungcheong-do 199 (20%)
Gyeongsang-do 187 (19%)
Other 32 (3%)
Region of main residency same as region of site 872 (88%)

Table 1. Continued
]

Characteristic N =987
Age group (years)
>11-19 198 (20%)
>19-29 198 (20%)
>29-39 197 (20%)
>39-49 197 (20%)
>49-55 197 (20%)
Highest level of education obtained
No previous schooling 1(<1%)
Elementary school 55 (6%)
Middle school 86 (9%)
High school 210 (21%)
College 133 (13%)
University 406 (41%)
Above graduate school 96 (10%)
Residency
Dormitory residence 9 (<1%)
Number of household members sharing main residence
0 1(<1%)
1 53 (5%)
2 96 (10%)
3-4 693 (70%)
5-6 129 (13%)
>6 15 (2%)
Number of children <10 years sharing main residence
0 728 (74%)
1 146 (15%)
2 106 (11%)
3-4 7 (<1%)
Employment status
Employed/self-employed 634 (64%)
Unemployed 117 (12%)
In school/university 236 (24%)
Medical status
Concomitant medication 45 (5%)
Current controlled non-serious chronic 56 (6%)
conditions
Hypertension 8(1%)
Hyperlipidaemia 6 (1%)
Dyslipidaemia 4 (<1%)
Hypothyroidism 4 (<1%)
Osteoporosis 4 (<1%)
Previous diagnosed® meningococcal disease 13 (1%)

“Not confirmed from records/laboratory test.
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figure reported in the 2010 census (69%) [16]. Only 9 of the
987 subjects lived in a dormitory residence and nearly
three-quarters of subjects did not share their main residences
with children under 10 years old. Thirteen subjects reported
previous meningococcal disease; diagnosis of meningococcal
disease caused by N. meningitidis was however not confirmed
from (medical) records/ laboratory test results or by the treat-
ing clinician and thus may have included cases of viral menin-
goencephalitis or other forms of non-meningococcal menin-
gitis. Six percent had controlled non-serious chronic
conditions (3-4% of subjects in the youngest three age groups,
and 10% and 9% of subjects in the >39-49 years and >49-55
years groups, respectively).

The highest percentage of subjects with hSBA titres >4 or >8
was observed for serogroup W (hSBA titres >4: 76% and hSBA
titres >8: 74%), and the lowest percentage was observed for

serogroup A (hSBA titres >4: 15% and hSBA titres >8: 9%). The
percentage of subjects with hSBA titres for serogroups C and
Y were similar (Table 2). When the 13 subjects with previous
meningococcal disease were excluded from the analysis,
GMTs were very similar to those presented for the entire study
population (GMTs [and 95% CI] serogroup A: 2.56 [2.45-2.67];
C:5.14 [4.78-5.53]; W: 22.75 [2-.57-25.16]; Y: 5.25 [4.84-5.69)).
When stratified by age group, observed trends for the preva-
lence of bactericidal antibodies against serogroups A, C, W
were similar to those seen for the entire population. There was
some variation among age groups for individual serogroups
(Fig. 1A); percentages of subjects with hSBA titres >4 and >8
and GMTs were highest for the >19-29 years age group, com-
pared with other age groups, except for serogroup C, where
the highest GMTs were observed for the >49-55 years group.
Similarly, results by region showed the same trend as for the

Table 2. Percentage of subjects 11 to 55 years of age with human serum bactericidal assay (hSBA) titres >4 and =8, and hSBA geometric mean titres

(95% confidence interval), for the entire study population

! . |
Serogroup, % (95% confidence interval)

W (N =985) Y (N =986)

A (N =986) C (N =986)
hSBA titres >4 15% (12-17%) 48% (45-51%)
hSBA titres >8 9% (7-11%) 34% (31-37%)
GMT, pg/mL 2.56 (2.45-2.67) 5.14 (4.78-5.52)

76% (73-79%)
74% (71-77%)
22.63 (20.47-25.01)

44% (40-47%)
36% (33-39%)
5.28 (4.87-5.72)

NSBA, human serum bactericidal assay; GMT, hSBA geometric mean titre.
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Figure 1. Percentage of subjects 11 to 55 years of age with human serum bactericidal assay (hSBA) titres >4, =8 and hSBA geometric mean titres
(GMTs) for each of the serogroups, stratified by (A) age group and (B) region of Korea.
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entire study population, although there were some small re-
gional variations, with higher prevalence of bactericidal anti-
bodies seen in the Jeolla-do region for serogroup Wand the
lowest prevalence for all serogroups seen in Seoul (Fig. 1B).

Discussion

This is the first sero-epidemiological study on bactericidal
antibodies against N. meningitidis A, C Wand Y serogroups in
the Korean population. A high percentage of subjects in this
study had hSBA titres >4 for serogroup W. An hSBA titre of >4
has been previously identified as a surrogate of protection
against meningococcal disease [17], which suggests that natu-
ral immunity to serogroup W may be prevalent in the Korean
population. Percentages of subjects with titres considered
protective were similar for serogroups C and Y (approximately
half of subjects). The smallest percentage of subjects with ti-
tres considered protective was observed for serogroup A.
These trends were very similar across regions and age groups.

A previous vaccine trial in adolescents and adults in Korea
also showed the same trends as those seen in the current
study [14]. However, the observed percentages of subjects
with hSBA titres >4 and >8 and GMTs for serogroups C, W and
Y were slightly lower than those observed in the vaccine trial.
Prevalence of bactericidal antibodies (subjects with protective
titres =4 or >8) against serogroup A was similar in the two
studies. The differences in observations between the two stud-
ies may be at least partially influenced by the differences in
the included study populations, for example, the mean age of
participants was much lower in the vaccine trial (19 years,
compared with 34 years in the current study). In the current
study, the highest prevalence of bactericidal antibodies was
seen in the >19-29 years age group, so the increased propor-
tion of younger subjects in the previous study may have influ-
enced the mean antibody levels detected.

Our study included generally healthy subjects, including
those with non-serious chronic conditions. Some differences
were observed between the included study population and
general statistics for the Korean population, which may im-
pact the generalizability of the results. Additionally, the ex-
trapolation of these results to subjects with serious chronic
conditions should be made with caution. Similarly, as this was
a small study involving only six sites, extrapolation of the re-
sults to the Korean population as a whole should also be made
with caution.

High prevalence of bactericidal antibodies against sero-

group W has been observed in trials in other countries. Recent
vaccine trials in the United States, Costa Rica and Germany
also found higher levels of bactericidal antibodies against se-
rogroup W than any of the other three serogroups in non-vac-
cinated subjects [18-20]. The high prevalence of bactericidal
antibodies against serogroup W may be a result of increased
carriage in this population, compared with serogroups A, C
and Y. Although carriage was not explored in this study, a
number of previous studies in Korea have evaluated carriage
in different populations. A study by Park and colleagues found
that the highest proportion of groupable isolates in Korean
army trainees were serogroup W (29.5%) [12]. A separate
study on carriage in first year university students found that
serogroup C was the most frequent serogroup, in the five out
of eight of the groupable isolates [11]. In contrast, in a study of
serogroup distribution in young children in Korea, only 6% of
cerebrospinal fluid specimens were serogroup C, and none
were of serogroup W; the vast majority were of either sero-
group X or Y [21]. Despite this variation in study findings,
there has been an observed increase in the proportion of cas-
es caused by serogroup W in neighbouring China in the past
few years, which may possibly have increased carriage in Ko-
rea [22]. Globally, the incidence of cases caused by serogroup
W has been increasing since the 2000 Hajj outbreak [23, 24].
In England, MenW cases have increased annually from 22 in
2009 to 117 in 2014. More recently, a steep increase was ob-
served in the number of deaths, from four deaths annually be-
tween 2009 and 2012 to 24 deaths between 2013 and 2014, in-
cluding, for the first time in a decade, deaths in children [25].
One case in Korea in 2013 has also been attributed to sero-
group W, although data on cases in general in Korea are limit-
ed [26]. Further research on serogroup carriage in this popula-
tion is needed to fully understand its role in serum bactericidal
activity across serogroups. Additionally, although the reasons
behind the higher levels of serum bactericidal antibodies
against serogroup W (relative to the other three serogroups)
are currently unclear, Lee and colleagues discussed the speci-
ficity of the antibodies to serogroup W and suggested that the
high baseline titres seen in their study were possibly influ-
enced by antibodies which were not specific to serogroup W
capsular polysaccharide (e.g. cross-reactive antibodies),
which may also be the case in this study [14]. Currently there
is no data that suggests that certain population characteristics
may explain differences in seropositivity between serogroups,
but the available data is limited and may deserve further in-
vestigation.

As observed in the current study, studies in other countries
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have also reported an age effect on bactericidal antibody prev-
alence for serogroups A, C, W and Y. As with our study, those
in Canada, the UK and Burkina Faso reported a peak in bacte-
ricidal antibody prevalence for serogroups A and W in adoles-
cents and young adults (16-29 years) [27-29]. This peak is likely
reflective of the higher carriage and incidence of meningococ-
cal disease in this age group [10]. In our study, the highest per-
centage of subjects with bactericidal antibodies to serogroup
C was in the oldest age group, which appears similar to obser-
vations from studies in Canada and Turkey, where the highest
prevalence in adults was seen in the > 30 years or 240 years
age brackets, respectively [28, 30].

This study provides insight into the prevalence of bactericid-
al antibodies against N. meningitidis serogroups A, C, W and Y
in the generally healthy Korean adolescent and adult popula-
tion, including those with controlled non-serious chronic con-
ditions. Among Neisseria meningitidis serogroups A, C, W and
Y, serum bactericidal antibodies were most prevalent against
serogroup W and least prevalent against serogroup A, and
mirrored those seen in a previous study in Korean adolescents
and adults. On average, hSBA titres were highest in young
adults (>19-29 years), for three (A, W and Y) out of four of the
serogroups. The trends in bactericidal antibodies prevalence
across the serogroups were similar across age groups and re-
gions. Whilst the reasons for these differences in prevalence
are not completely understood, carriage and non-specificity
of antibody to serogroup W capsular polysaccharide may play
a role in explaining the high prevalence of bactericidal anti-
body against serogroup W observed in this study.
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