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Purpose: Neisseria meningitidis is a leading cause of bacterial meningitis in
young adults. University students, especially those living in dormitories, have been
known to be at increased risk of meningococcal disease. We performed a longitu-
dinal study to determine the carriage rates of N. meningitidis and the changes
thereof. Materials and Methods: We recruited Inha University freshmen who
were, at that time, admitted to a student dormitory. A pharyngeal swab was taken
from all participant who were also asked to complete a questionnaire. This was re-
peated four weeks later. Results: A total of 136 students were enrolled at the first
culture. After four weeks, 128 students were enrolled, including 106 re-partici-
pants. The overall carriage rates changed from 11.8% to 14.1%. In analysis of the
106 re-participants, “visiting to pubs” was associated with carriage of N. meningi-
tis for both the first (p=0.047) and second cultures (p=0.026). Serogroup C was
found to be the most frequent serogroup (5 isolates), while 3 isolates were found
from serogroup B. The most prevalent PorA types were P1.22,14-6 (4 isolates)
and P1.19,15 (3 isolates). The DNA sequences of PorA VR2 were changed in 2
students during prolonged carriage. Conclusion: The meningococcal carriage rate
among first year university students who resided in a dormitory did not significant-
ly increase over 4-week interval between cultures, which is markedly different
from those reported in Western studies. Close social contact appeared to be related
with carriage. Our data also revealed diversity in PorA types, suggesting the possi-
bility of rapid mutation of the PorA gene during the 4-week interval.
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INTRODUCTION

Neisseria meningitidis is a leading cause of bacterial meningitis in young adults.!
It has been known that bringing together groups of young adults, such as military
recruits, is associated with epidemic meningococcal disease. The congregation of
students on university campuses, and in particular those living in university dormi-
tories, may share some of the same characteristics of concern with meningococcal
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disease outbreaks among military recruits.

A study in Maryland conducted by Harrison, et al.? indicat-
ed that the overall incidence of meningococcal disease
among university students was comparable to that among the
U.S. population of people of the same age (1.7/100000 and
1.4/100000, respectively); meanwhile, rates of disease among
students living in dormitories were higher than those among
students living off campus (3.2/100000 and 1.0/100000, re-
spectively; p=0.05). In 2000, the Advisory Committee on
Immunization Practices and the Committee on Infectious
Diseases of the American Academy of Pediatrics concluded
that college students, especially those living in dormitories,
are at moderately increased risk for meningococcal disease,
compared with other persons of the same age, and recom-
mended meningococcal vaccination for college freshmen.?

Between 2001 and 2006, 7 to 38 probable cases of me-
ningococcal disease were reported to the Korea Centers for
Disease Control and Prevention annually. During the period
from 2007 to 2008, the number of reported cases of menin-
gococcal disease in Korea decreased (4 cases in 2007 and 1
cases in 2008). The disease has been regarded as a rare in-
fection in Korea. Although carriage studies are important to
improve our understanding of the epidemiology and patho-
genesis of meningococcal disease, there have been no stud-
ies published on the epidemiology of meningococcal car-
riage or acquisition among university students in Korea,
probably because of the low incidence of the disease. There-
fore, we performed a longitudinal study of first year univer-
sity students who resided in a student dormitory at the start
of the academic year to determine the rates of carriage of V.
meningitidis and thes changes thereof after one month, to-
gether with risk factors and serogroups.

MATERIALS AND METHODS

Recruitment of students

We recruited Inha University freshmen who were, at that
time, admitted to a university dormitory in the first week of
March 2009. Each student was given an information sheet
and a consent form. Those agreeing to take part in the study
completed a questionnaire covering: personal characteris-
tics, place of residence, recent symptoms of upper respira-
tory tract infection, recent history of antibiotics use, travel
abroad, active smoking, intimate kissing in the past month
and visits to nightclubs or pubs in the past two weeks. After
each student had completed the questionnaire, a trained op-

erator took a posterior pharyngeal swab behind the uvula.

Follow-up
A second round of swabbing was undertaken 4 weeks later.
At the time of reswabbing, the questionnaire was repeated.

Culture and characterization of isolates

Cotton swabs were used and they were directly plated onto
Thayer-Martin media. Strains were confirmed to be N.
meningitidis by conventional methods including colony
morphology, Gram staining, oxidase tests, catalase tests,
carbohydrate fermentation tests, and the API NH kit.

PCR-based serogrouping of isolates

Serogroups could not be determined by the slide agglutina-
tion method with polyclonal antisera (Difco, Detroit, MI,
USA) because frequent non-specific reactions or cross reac-
tions were observed. Therefore, serogrouping by poly-
merase chain reaction (PCR) was performed. For the detec-
tion and identification of serogroups A, B, C, Y, W135, a
multiplex PCR was performed simultaneously with oligo-
nucleotides in the siaD gene (serogroups B, C, Y, and
W135) and in a gene cassette of orf-2 required for the bio-
synthesis of the capsule of serogroup A.* For the detection
and identification of serogroups 29E, X, and Z, the ctr4
gene, exclusive to meningococci and forming part of the
capsule biosynthesis locus, was chosen as the PCR target
according to the methods described by Bennett, et al.’

PorA genosubtyping

Amplification of the por4 gene by PCR and sequencing of
the porA variable regions (VR1 and VR2) were performed
as described by Sacchi, et al.’ All nucleotide sequences for
each VR were aligned with reference to both the nucleotide
and the corresponding amino acid sequences through a
Web-accessible PorA database (http://neisseria.org/nm/typ-
ing/pora) and defined subtype families.

Statistical analysis

Data collected at the time of the pharyngeal swabs were
used for the correlation analysis on carriage of N. meningit-
idis. Statistical analysis was conducted for crosstabs in
Pearson Chi-Square statistics using the Statistical Package
of Social Science software (SPSS, SPSS Inc., Chicago, IL,
USA). Two-sided probability values of <0.05 were consid-
ered statistically significant. We did not perform multiple
comparisons.
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Table 1. Carriage Rates of Neisseria meningitidis

Number of students i
Date of > Carriage rate
swabbing  Swabbed ~ Fosttvefor (%)
N. meningitidis
3-4 March 136 16 11.8
30-31 March 128 18 14.1

Table 2. Correlation Analysis on Carriage of Neisseria men-
ingitidis at the First Culture of the 106 Students Who Were
Followed Up (Pearson Chi-Square)

Positive number of students

Exposure Carriers Non-carriers p value
(n=16) (n=90)

URI symptoms 3 24 0.503
Antibiotics use 0 9 0.073
Travel abroad 2 3 0.111
Active smoking 0 4 0.390
Intimate kissing 3 8 0.233
Visiting nightclubs 1 1 0.164
Visiting pubs 15 63 0.047

URI, upper respiratory tract infection.

Table 3. Serogroup Distribution among the Meningococcal
Isolates in the 106 Students Who Were Followed Up

1st culture 2nd culture
(number of students) (number of students)
Serogroup C (4)
Serogroup C () Negative conversion (1)
Serogroup B (2)
SEITDIE)(e) Negative conversion (1)
Non-groupable (6)
Non-groupable (8) Negative conversion (2)
Serogroup B (2)
.. . Serogroup 29E (1)
Initial negative (90) Serogroup W135 (1)
Negative (86)

RESULTS

Carriage rates

A total of 136 first year students were enrolled at the first
culture. After four weeks, 128 students were enrolled at the
second culture, including 106 re-participants. The overall
carriage rates were 11.8% (16/136) at the first culture and
14.1% (18/128) at the second culture (Table 1). Among the
follow-up results for the 106 re-participants who were re-
swabbed one month later, carriage rates did not change from
the first culture to the second culture at 15.1% (16/106). Of
the carriers initially identified, 75% (12/16) were still posi-
tive at the second culture. Of the 90 noncarriers who were

followed up, 4.4% (4/90) acquired carriage and 95.6%
(86/90) remained as noncarriers one month later.

Correlation analysis

Table 2 shows the correlation analysis on carriage of N.
meningitidis at the first culture of the 106 students who were
followed up. Active smoking, visiting nightclubs, intimate
kissing, travel abroad, and recent symptoms of upper respi-
ratory tract infection were not significantly associated with
being a carrier. Only “visiting pubs” two weeks before ex-
aminations was associated with carriage of N. meningitidis
at both the first (»=0.047) and second cultures (p=0.026) in
an analysis of the 106 students who were followed up. We
also noted that there was no carriage at the first culture
among 12 students who had a history of antibiotics use.

Serogroups of carrier strains

Table 3 summarizes the serogroup distribution among the me-
ningococcal isolates in the 106 students who were followed
up. Of the 16 total meningococcal isolates of the first culture,
serogroup C was found to be the most frequent (5 isolates)
and 3 isolates were found from serogroup B. We could not de-
termine a serogroup by PCR for 8 isolates (non-groupable,
50%). Four students who were carriers at the first culture were
discovered to be negative at the second culture. Two of them
were non-groupable, one was from serogroup C and the other
was from serogroup B. Of 90 noncarriers followed up, 4 stu-
dents acquired carriage one month later at the second culture.
Two isolates were from serogroup B, one was from serogroup
29E, and the other was from serogroup W135.

PorA genotyping

We obtained 18 meningococcal isolates out of 128 students
who were enrolled at the second culture and 13 different
PorA VR sequences were identified among them (Table 4).
The most prevalent PorA types were P1.22,14-6 (4 isolates)
and P1.19,15 (3 isolates). PorA types among the serogroup
C isolates were relatively uniform, and serogroup C isolates
expressing P1.22,14-6 was predominant, accounting for
66.6% (4/6) of all serogroup C isolates. We also analyzed
and compared the PorA VR sequences of the 12 students
who maintained their carrier state over the 4-week interval
between cultures to assess the stability of the por4 gene on
prolonged carriage. PorA VR2 sequences were changed in
2 students, although their serogroups remained unchanged.
One was serogroup B with a change in PorA type from
P1.19-5,15-48 to P1.19-5,14-6 and the other was non-group-
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able with a change in PorA type from P.1.18-21,25-39 to
P1.18-21,25-40.

DISCUSSION

Asymptomatic pharyngeal colonization of N. meningitidis in
young adults is relatively common and an age-dependent
phenomenon, with point prevalence carriage rates usually
ranging from 10% to 35%.”* Neal, et al.” performed a longi-
tudinal study and reported that carriage rates of meningococ-
ci among university students increases rapidly throughout the
first week of the term from 6.9% on day 1 to 23.1% on day
4. The average carriage rate during the first week of the term
was 13.9%, with further increases throughout the term to
31.0% after one month. They also identified active smoking,
intimate kissing and visiting nightclubs as risk factors for ac-
quisition.

To gain information concerning the pharyngeal carriage
of N. meningitidis among freshmen aged 20-22 years in
Korea, those admitted to Inha University dormitory were
enrolled in our study. Each student was swabbed twice at
an interval of four weeks between cultures. We maintained
the same swabbing technique using the same trained opera-
tors and culture conditions throughout the study to mini-
mize the influence of confounding factors. In our results, the
overall carriage rate was 11.8% (16/136) at the first culture,
which is comparable with those reported in Western coun-
tries. However, the overall carriage rate did not significantly
increase from 11.8% to 14.1% after 4 weeks. A few expla-
nations may explain this result. In fact, the prevalence of
known risk factors for acquisition among the students was
lower compared to Western studies. The prevalence was
4.41% (6/136) for active smoking, 10.29% (14/136) for inti-
mate kissing and 1.47% (2/136) for visiting nightclubs at the
first culture in our study. In comparison, in a study for social
behavior and meningococcal carriage among British teenag-
ers,'" the corresponding prevalence was 21.48% (2936/
13668), 44.77% (6133/13697) and 62.06% (8447/13611), re-
spectively. Lower prevalence of risk factors for acquisition in
our study could explain the insignificant change of carriage
rates over 4 weeks, to a certain extent. Furthermore, it might
have been influenced by the difference in social behavior
patterns of Korean students, which is more reserved, less
communicative, resulting in decreased social mixing. There-
fore, different results may be shown if we examined the stu-
dents for longer periods of time.

Table 4. Prevalence of the Neisseria meningitidis Genosub-
types of 18 Meningococcal Isolates at the Second Culture

Genosubtype Serogroup (number of isolates)
P1.5,2-65 B (1)

P1.5-1,2-2 W135 (1)
P1.7,2-1 Non-groupable (1)
P1.7,13 Non-groupable (1)
P1.7-2,13-1 Non-groupable (1)
P1.18,25-7 Non-groupable (1)
P1.18,25-11 Non-groupable (1)
P1.18,25-38 C(D)
P1.18-21,25-40 Non-groupable (1)
P1.19,15 B (2),29E (1)
P1.19-5,14-6 B (1)

P1.22, 14-6 C@4)

P1.22-4, 14-6 c

A number of risk factors have been shown to be associat-
ed with meningococcal carriage. There are slightly fewer
carriers in females than in males. Those with viral or bacte-
rial respiratory tract infections could be at high risk to be-
come carriers.!" Smoking, whether active or passive, is one
of the strongest risk factors for becoming a meningococcal
carrier'>'* and low socioeconomic position in some popula-
tions appears to raise the risk of carriage.'* These risk factors
are known to be independently correlated with carriage.
Also, concerning the effect of bringing together groups of
young adults, there was a study which identified a higher
carriage rate in catered halls than in self-catered halls.” On
the other hand, it was reported that there was no evidence
that increasing levels of crowding was associated with in-
creasing levels of meningococcal carriage.'” The Inha Uni-
versity dormitory where our study was performed is a ca-
tered hall of residence with around 1000 students, and four
students usually share a room which has an area of 21.49
m?. Interestingly, active smoking, visiting nightclubs, inti-
mate kissing, travel abroad, and recent symptoms of upper
respiratory tract infection were not significantly associated
with being a carrier at our first culture. This might be be-
cause the number of carriers in our study was too small to
draw a meaningful interpretation. Indeed, students who
smoked, kissed or visited nightclubs were small in number
as shown in Table 2. It might also reflect cultural character-
istics in Korea, which are less permissive. Nonetheless, vis-
iting pubs was correlated with meningococcal carriage at
both the first (p=0.047) and second cultures (p=0.026), which
was similar to other studies. We also noted that there was
no carriage at the first culture among 12 students who had a
history of antibiotics use. This was probably because antibi-
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otics inhibited the growth of the bacteria.

N. meningitidis is divided into 13 serogroups based on
the immunological specificity of the capsular polysaccha-
ride. It has been known that patient strains are encapsulated
and five of these serogroups (A, B, C, W135 and Y) cause
more than 90% of the invasive disease worldwide.'® In con-
trast, 50% of the strains isolated from carriers lack a cap-
sule and are therefore serologically not serogroupable.!”!$
In our study, serogroups could not be determined by the slide
agglutination method with polyclonal antisera because fre-
quent non-specific reactions or cross reactions were frequent-
ly observed. This was probably due to the lack of a capsule in
the strains isolated from carriers or there could have been
problems related to culturing the isolates. Claus, et al."”” com-
mented that there are two essential reasons for the lack of
capsule - the deletion of the capsule locus or down-regula-
tions of the expression of the capsule, either temporarily or
permanently, by one of a number of genetic mechanisms.
Until recently, nongroupable isolates were thought to be non-
pathogenic. On the contrary, it has become progressively
clear that capsular expression is phase variable,’ and the loss
of capsule may enhance the organism’s ability to colonize the
nasopharynx.

Caugant, et al.?! performed a comparative study of the
expressed capsular antigens in a collection of 667 meningo-
cocci isolated from patients and carriers in three European
countries to better understand the relationship between car-
rier and disease-causing strains. Serogroup B strains was
predominant among both patient and carrier isolates. Al-
though marked differences between countries were observed
in the serogroup distribution of patient isolates, the sero-
group distribution of the carrier isolates was similar between
countries, with predominance of serogroup B among iso-
lates expressing a capsular polysaccharide, followed by se-
rogroup Y. In our study, serogrouping by PCR was per-
formed for the detection and identification of serogroups A,
B, C, Y, W135, X, Z and 29E. Of 16 total meningococcal
isolates of the first culture, serogroup C was found to be the
most frequent (31.3%) and serogroup B followed (18.8%).
We could not determine a serogroup by PCR for 8 isolates
(genetically non-groupable, 50%).

The currently available meningococcal vaccines are based
on the capsular polysaccharides of meningococcal sero-
groups A, C, W-135 and Y. None of these vaccines provide
protection against serogroup B meningococci, which is the
prevalent serogroup in Europe, North America, South Ameri-
ca, and Australia, because the capsular polysaccharide of

meningococcal serogroup B is unable to stimulate a protec-
tive immune response.?? Other alternatives for meningococ-
cal outer membrane protein (OMP)-based vaccines have
been investigated to prevent meningococcal disease, re-
gardless of their serogroup.® The PorA OMP, characterized
by genosubtyping of the VR1 and VR2 of the por4 gene, is
highly immunogenic and is considered to be an important
component in protein-based vaccines against meningococ-
cal disease. However, PorA shows a high degree of anti-
genic variation which is used for serologic differentiation of
isolates.* Consequently, newer PorA-based vaccines have
to consider the prevalence of genosubtypes and contain mul-
tiple antigenic variants of PorA.» Our data revealed the di-
versity of the PorA types of N. meningitidis, although the
number of isolates analyzed was small. Moreover, PorA
VR2 sequences were changed in 2 students during pro-
longed carriage in our study, which is different from the re-
sults of a group of military recruits in the UK.?® This sug-
gests the possibility of either rapid mutation of the por4
gene or horizontal exchange of genetic material between
strains during the 4-week interval between cultures. It also
reveals the difficulty in designing a useful OMP vaccine.
This study was the first report of rates of carriage and ac-
quisition of N. meningitidis among freshmen in a university
dormitory in Korea, together with serogroups and genosub-
types. The carriage rate is comparable with those reported
from other studies. However, it did not significantly increase
after four weeks, which is markedly different from previous
studies in Western countries. This suggests that freshmen at
this university may be at low risk of clusters of cases with
meningococcal disease, and may therefore be at a low risk
of outbreaks. Inversely, this low rate of carriage acquisition
after one month might explain the low incidence of menin-
gococcal disease in freshmen in Korea. As we mentioned,
transmission dynamics in freshmen in Korea may differ
from those in western countries. Therefore, it will be help-
ful to continue follow-up swabbing in the same dormitory
or to perform a longitudinal study at other universities on a
large scale, to assess how it compares with Western studies.
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