JOURNAL OF CLINICAL MICROBIOLOGY, June 2000, p. 2311–2316
0095-1137/00/$04.00⫹0
Copyright © 2000, American Society for Microbiology. All Rights Reserved.

Vol. 38, No. 6

Dynamics of Meningococcal Long-Term Carriage among
University Students and Their Implications for
Mass Vaccination
D. A. A. ALA’ALDEEN,1* K. R. NEAL,2 K. AIT-TAHAR,1 J. S. NGUYEN-VAN-TAM,2
A. ENGLISH,3 T. J. FALLA,3 P. M. HAWKEY,3 AND R. C. B. SLACK1
Meningococcal Research Group, Divisions of Microbiology1 and Public Health,2 University Hospital,
Nottingham University, Nottingham NG7 2UH, and Department of Microbiology,
Leeds University, Leeds,3 United Kingdom

In the 1997-98 academic year, we conducted a longitudinal study of meningococcal carriage and acquisition
among first-year students at Nottingham University, Nottingham, United Kingdom. We examined the dynamics
of long-term meningococcal carriage with detailed characterization of the isolates. Pharyngeal swabs were
obtained from 2,453 first-year students at the start of the academic year (October), later on during the autumn
term, and again in March. Swabs were immediately cultured on selective media, and meningococci were
identified and serologically characterized. Nongroupable strains were genetically grouped using a PCR-based
assay. Pulsed-field gel electrophoresis was used to determine the link between sequential isolates. Of the
carriers initially identified in October, 44.1% (98 of 222) were still positive later on in the autumn (November
or December); 57.1% of these remained persistent carriers at 6 months. Of the index carriers who lost carriage
during the autumn, 16% were recolonized at 6 months. Of 344 index noncarriers followed up, 22.1% acquired
carriage during the autumn term and another 13.7% acquired carriage by March. Overall, 43.9% (397 of 904)
of the isolates were noncapsulated (serologically nongroupable); by PCR-based genogrouping, a quarter of
these belonged to the capsular groups B and C. The ratio of capsulated to noncapsulated forms for group B
and C strains was 2.9 and 0.95, respectively. Sequential isolates of persistent carriers revealed that individuals
may carry the same or entirely different organisms at different times. We identified three strains that clearly
switched their capsular expression on and off at different times in vivo. One student developed invasive
meningococcal disease after carrying the same organism for over 7 weeks. The study revealed a high rate of
turnover of meningococcal carriage among students. Noncapsulated organisms are capable of switching their
capsular expression on and off (both ways) in the nasopharynx, and group C strains are more likely to be
noncapsulated than group B strains. Carriage of a particular meningococcal strain does not necessarily protect
against colonization or invasion by a homologous or heterologous strain.
Neisseria meningitidis is the commonest cause of pyogenic
meningitis, capable of causing outbreaks of invasive disease. A
number of these have been reported at British universities. The
natural habitat of N. meningitidis is the human nasopharynx,
from where the organism may invade the bloodstream, causing
bacteremia and a number of different clinical syndromes depending on the virulence of the meningococcal strain, host
immunity, and other poorly understood factors. These syndromes vary in severity from transient harmless carriage to
fatal meningitis and/or septicemia.
Currently, meningococcal disease is endemic in many parts
of the world, with relatively large-scale outbreaks occurring in
many countries. It is interesting that the highest attack rates of
invasive meningococcal disease in the United Kingdom are in
the first year of life (50/105) and among teenagers (5/105),
whereas the highest carriage rate (5 to 15%) is found among
teenagers and young adults (3). Estimating the rates of carriage across different groups within a community at any one
time is difficult because several factors potentially affect the
results. These include factors related to the organism, host,

environment, and swabbing techniques and methodological
ones relating to number of swabs per round and the sensitivity
of different laboratory methods (3). Study results are therefore
generally underestimates of true carriage.
Based on antigenic differences in their capsular polysaccharide, 13 serogroups of N. meningitidis have been identified.
Virtually all disease-associated isolates are capsulated, with
serogroups A, B, and C responsible for over 90% of invasive
meningococcal infections worldwide. In the United Kingdom,
group B is responsible for around two-thirds of the cases,
followed by group C (around 30 to 40%). A small minority of
United Kingdom cases are due to a mixture of serogroups A,
W135, X, and Y. In contrast, up to half of the carrier strains
are noncapsulated and, therefore, serologically nongroupable
(NG). Until recently, NG isolates were considered nonpathogenic. However, it is now increasingly clear that capsular expression is phase variable (16), and the loss of capsule is believed to enhance the organism’s ability to colonize the
nasopharynx. The capsule, vital for evasion of human defense
mechanisms, is thought to be expressed upon invasion of the
bloodstream or cerebrospinal fluid. However, evidence for
capsular switching on and off (in both directions) in vivo in the
same carrier has not been previously reported.
So far, little is known about the genetic (and clonal) makeup
of strains carried within large communities. The population of
meningococcal carrier strains is known to be more diverse than
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TABLE 1. Serogroup distribution among all the meningococcal isolates in this study
Value for sampling time
Group

B
C
29E
H
W135
X
Y
Z
NG

Freshers week (October)
(index round) (n ⫽ 300)

Autumn term (November or
December) (n ⫽ 448)

Total (n ⫽ 904)

Spring term (March)
(n ⫽ 156)

No. of isolates

%

No. of isolates

%

No. of isolates

%

No. of isolates

% overall

85
10
18
2
19
5
24
1
136

28.3
3.3
6
0.7
6.3
1.7
8
0.3
45.3

92
38
24
0
45
12
37
4
196

20.5
8.5
5.4
0
10
2.7
8.3
0.9
43.7

45
6
9
0
18
2
11
0
65

28.8
3.8
5.8
0
11.5
1.3
7
0
41.7

222
54
51
2
82
19
72
5
397

24.5
6
5.6
0.2
9.1
2.1
8
0.6
43.9

MATERIALS AND METHODS
Recruitment of students and swabbing. During the first week of October 1997
(freshers week), 2,453 of the first-year intake of students in Nottingham University were recruited and swabbed for meningococcal carriage (11); those residing
in halls on campus where shared catering facilities are available were reswabbed
in the first week of either November or December. A fourth round of swabbing
in five randomly selected halls was undertaken in March 1998.
Culture and characterization of isolates. Pharyngeal swabs were taken using
cotton swabs and plated immediately onto a selective medium, GC agar (Oxoid)
containing vancomycin, colistin, nystatin, and trimethoprim (VCNT selective
supplement SR91; Oxoid). The plates were then incubated within 3 h of collection at 37°C in air with 5% carbon dioxide and examined at 24 and 48 h.
Typical colonies suggestive of Neisseria spp. were examined for positive oxidase reaction, and a single colony was then subcultured onto a new GC plate

(with no antibiotics) to obtain pure cultures for further characterization. Overnight cultures were then tested by the Gonocheck system (EY Inc.) according to
the manufacturer’s instructions. All isolates identified as meningococci were
frozen as duplicate samples, one of which was subsequently sent to the Meningococcal Reference Unit (Manchester Public Health Laboratory, Manchester,
United Kingdom) for confirmation of the identification and serological characterization (6).
PCR-based genogrouping of the serologically NG isolates. A total of 112
strains of N. meningitidis, previously characterized in the Meningococcal Reference Unit, were used in the developmental stage of the PCR assay. These
included 3 reference strains (group A, NCTC 10025; group B, NCTC 10026; and
group C, NCTC 8554) and 109 laboratory isolates, including 4 of group A, 49 of
group B, 23 of group C, 9 of group 29E, 2 of group H, 7 of group W135, 6 of
group X, 5 of group Y, and 4 of group Z. In addition, clinical isolates of Neisseria
gonorrhoeae, Escherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginosa,
Haemophilus influenzae, Streptococcus pneumoniae, and Streptococcus agalactiae
were also used as negative controls.
Oligonucleotide primers were designed using the siaD sequence specific to
capsular groups B and C, to amplify DNA fragments of a capsule-specific size
(786 and 634 bp for groups B and C, respectively). The primers were designed
from the group B sequence (EMBL accession no. M64289) and the group C
sequence (GenBank U75650) (16) and were as follows: group B siaD forward,
677
GTTAGTCAACGCTACC692, and reverse, 1463GGAGATCAGAAGTCAT1448; group C siaD forward, 529GTGGGTAACAACTTACA545, and reverse, 1163CCATCCTCTATACTTG1148.
A fresh single colony per isolate was suspended in 300 l of Chelex extraction
buffer (Bio-Rad), heated to 100°C for 20 min, and centrifuged in a microcentrifuge (MSE Micro Centaur) at 13,000 rpm for 30 s. A 102 or 103 dilution of the
supernatant was then used as template in the PCR, which consisted of 30 cycles
of denaturation (95°C, 30 s), annealing (45°C, 1 min), and extension (72°C, 1
min).
PFGE. Comparative genetic analysis was carried out on selected strains, using
pulsed-field gel electrophoresis (PFGE) as described by Bevanger and colleagues
(2).

RESULTS
Characterization of index carrier meningococcal isolates:
capsular expression and distribution of serogroups, types, and
subtypes. Overall, 904 meningococcal isolates were obtained
during the study period, and they were serologically grouped,
typed, and subtyped. Table 1 shows that 30.5% of the isolates
belonged to the more virulent serogroups B and C; 25.6%
belonged to the apparently less virulent serogroups 29E, H,
W135, X, Y, and Z; and up to 43.9% of isolates were NG.
According to serological markers, virtually all of the phenotypically distinct strains, which were found in October, continued to be represented, although in varying ratios, throughout
the academic year (data available on request). Serogroup H,
first isolated in China (15), was found in only two individuals at
the beginning of the academic year but not in subsequent
rounds of swabbing.
With regard to serotype distributions, there were more serologically nontypeable (NT) strains than typeable ones (data
available on request). For example, 38% (84 of 222) of all the
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the population associated with clinical disease (4). Nevertheless, only a small number of hypervirulent strains, with a particular genetic makeup, are thought to be capable of causing
invasive disease and epidemic outbreaks. University students
are considered to be a population at increased risk of invasive
meningococcal disease (12). They originate from various parts
of the country and abroad, and the carriage strains isolated on
the first day(s) of the academic year constitute a representative
sample of the prevalent strains in the country. However, the
fate of individual strains (clones) of meningococci after this
mass pooling is unknown. It is not clear whether a natural
genetic equilibrium is maintained or whether certain clones
will eventually dominate.
In the 1997-98 academic year, we carried out a study of
meningococcal carriage among first-year university students in
Nottingham, United Kingdom. During “freshers week,” all
first-year students were targeted, and representative population samples in residential halls were approached again at
intervals for reswabbing during the autumn (November or December) and spring (March) terms.
During freshers week, 2,453 students were screened over 4
consecutive days. The carriage rate rose rapidly in the first
week of the term, from 6.9% on day 1, through 11.2% on day
2 and 19% on day 3, to 23.1% on day 4 (11). The average
carriage rate in residents of residential halls where shared
catering facilities are available during the first week was 13.9%.
By November, the carriage rate was 31.0%, and in December
it had reached 34.2%. In March, the rate was 28.0%.
In this paper, we report the dynamics of long-term hostpathogen interaction and provide strong evidence for the continued susceptibility of individuals to multiple meningococcal
carriage and invasive disease. We also provide the evidence for
in vivo switching of capsular polysaccharide expression, which
may have important implications for future mass immunization
with capsule-based conjugate vaccines.
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TABLE 2. Proportions (percents) and different ratios of capsular
group B and C strains among the capsulated (excluding NG) and
noncapsulated (NG-only) meningococci
Group

B
C
Non-B non-C
B/C ratio

% (no. of isolates/total no.)
Capsulated

Noncapsulated

Capsulated/noncapsulated
ratio

43.8 (222/507)
10.7 (54/507)
45.5 (231/507)

15.1 (8/53)
11.3 (6/53)
73.6 (39/53)

2.9
0.95
0.62

4.1

1.3

C strains, with no false negatives. No false-positive results were
obtained from 60 capsulated non-group B or -C N. meningitidis
isolates or the other nonmeningococcal capsulated bacteria
examined (see Materials and Methods).
A random sample of 53 NG isolates from the October round
of swabbing was then selected for PCR-based genogrouping.
Eight (15.1%) of these genogrouped as B, and six (11.3%)
genogrouped as C. This is in contrast to the ratio of their
serogroupable counterparts among the capsulated isolates
(43.8 and 10.7%, respectively). The ratio of capsulated to noncapsulated isolates was greater among group B strains than
among group C strains. Also, the ratio of group B to group C
strains among capsulated isolates was significantly greater than
among the noncapsulated (NG) isolates (Fisher’s exact test
[two-tailed]: P ⬍ 0.05) (Table 2).
Dynamics of long-term carriage. (i) Turnover of carriage.
The follow-up results for the 630 index carriers and noncarriers
who were reswabbed at least once more during the course of
the academic year are shown in Fig. 1. Of the 222 index carriers
reswabbed in autumn, 98 (44.1%) were still positive for N.
meningitidis. Of the latter, 28 were screened again in March, of
whom 16 (57.1%) continued to harbor meningococci. One
hundred twenty-four (55.9%) index carriers apparently cleared
the organism by the end of autumn. Twenty-five of these were
reexamined in March, and four (19%) were found to be recol-

FIG. 1. Long-term follow-up of index carriers and noncarriers. ⫹ve, positive; ⫺ve, negative; ND, not determined.
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serogroup B strains were NT, compared with 29.3 and 25% for
serotypes 1 and 4, respectively. Similarly, serologically nonsubtypeable (NST) strains were also more prevalent than any
individual subtypeable ones (data not shown). For example,
among the 85 serogroup B strains in October, there were 19
NST strains, compared to 17, 10, 9, and 8 strains expressing
serosubtype 15, 14, 9, and 4 antigens, respectively.
Serogroups B and C comprised 54.5% of all capsulated,
serogroupable strains. In order to determine proportions of
group B and C strains among the NG isolates, a PCR-based
genogrouping assay was developed. This technique correctly
amplified 49 of 49 known group B and 23 of 23 known group
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TABLE 3. Comparison of the capsular serogroups of sequential
isolates obtained from individual persistent carriers in
October and autumn rounds
October status

Autumn status

No. of isolates
(n ⫽ 98)

%

Grouped
Grouped
Grouped
NG
NG

Same group
NG
Other groups
NG
Grouped

30
11
8
32
17

30.6
12.2
8.2
32.6
17.3

DISCUSSION
We studied the dynamics of interaction between meningococci and university student populations during the course of
an academic year. In total, 904 meningococcal isolates were
obtained; almost a third belonged to the more virulent serogroups B and C, and up to 43.9% were NG. The NG isolates
consisted of a heterogeneous mixture of noncapsulated strains
belonging to all capsular groups. Whereas serogroups B and C
comprised more than half of all capsulated serogroupable
strains, the proportion of the these two groups among the NG
isolates was 26.4%. The ratio of capsulated to noncapsulated

TABLE 4. Serological characterization and PFGE results for all the sequential isolates from 16 persistent carriers
Student

Group:type:subtype
October isolate

Autumn isolate

Spring isolate

PFGE profile of all
three strains

Inference

S1
S2
S3

B:NT:P1.9
B:1:P1.4
NG:1:P1.6

B:NT:P1.9
B:1:P1.4
NG:1:P1.16

B:NT:P1.9
B:1:P1.4
NG:1:P1.16

Indistinguishable
Indistinguishable
Indistinguishable

Continued carriage
Continued carriage
Continued carriage

S4

B:1:P1.13

B:1:P1.13

B:NT:NST

Indistinguishable

Continued carriage

S5
S6
S7

29E:NT:P1.5
NG:NT:P1.15
NG:NT:P1.5

29E:NT:NST
29E:NT:P1.15
W135:NT:NST

NG:NT:P1.2
29E:NT:P1.9
NG:NT:NST

Indistinguishable
Indistinguishable
Indistinguishable

Continued carriage
Continued carriage
Continued carriage

S8
S9

NG:4:NST
W135:NT:P1.3,6

NG:NT:P1.15
Y:NT:P1.2

NG:4:NST
W135:NT:P1.3

Oct ⫽ springa
Oct ⫽ springa

Recolonization or simultaneous carriage
Recolonization or simultaneous carriage

S10
S11
S12
S13
S14
S15
S16

NG:NT:P1.15
NG:2b:P1.16
Y:NT:NST
B:NT:P1.9
NG:15:NST
NG:4:NST
B:NT:P1.16

NG:NT:P1.15
B:2b:P1.10
NG:1:P1.2,5
B:NT:P1.9
W135:NT:P1.3
B:1:P1.13
B:4:P1.16

NG:NT:P1.1
B:2b:P1.10
NG:1:P1.2,5
W135:NT:P1.3
W135:15:P1.9
B:4:P1.15
W135:NT:P1.2

Different
Different
Different
Different
Different
Different
Different

Heterologous
Heterologous
Heterologous
Heterologous
Heterologous
Heterologous
Heterologous

a

October and spring isolates were indistinguishable.

carriage
carriage
carriage
carriage
carriage
carriage
carriage
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onized, indicating that the individual remained susceptible to
subsequent meningococcal carriage despite eradication following an episode of colonization. Figure 1 also shows another 15
index carriers who were reswabbed in March (not in autumn),
and more than half of these were clearly persistent carriers. In
all, 68 index carriers were rescreened at 6 months and 28
(41.2%) were still carriers.
Of students who entered the university as noncarriers, 344
were reexamined in autumn and spring; 268 (77.9%) persisted
as noncarriers in autumn; 76 (22.1%) became colonized in
autumn, and another 47 (13.7%) became colonized by March.
Two hundred twenty-one (64.2%) were apparently persistent
noncarriers.
(ii) Identity of sequential isolates in persistent carriers. To
see whether persistent carriers predominantly harbored the
same or different strains during their carriage period, the capsular serogroups of the sequential (paired) isolates from the 98
individual carriers in October who remained positive in the
autumn were compared (Table 3). Almost a third of the autumn-round isolates expressed the same capsular serogroup as
their paired index isolates, but only six of these expressed
matching serotypes and subtype antigens (data not shown).
The rest either expressed different type and subtype epitopes
or were NT and NST (data available on request). Thus, based
on serological markers alone, only six pairs of the sequential
isolates can be considered highly likely to be the same.

Table 4 shows details of the serological markers and the
results of PFGE carried out on all sequential clinical isolates of
the 16 persistent carriers, who were confirmed positive on all
three rounds of swabbing. The serological characterization of
the isolates suggested that only students S1 to S3 carried single
strains over the 6-month period. The PFGE experiments, however, confirmed that these three students, and an additional
four (S4 to S7) carried single strains from October until March,
highlighting the unreliable nature of serological markers for
linking strains. The other nine students (S8 to S16) were colonized with genetically and serologically heterologous strains
at various time points over the 6-month period.
(iii) Evidence for in vivo capsular switching. The three individual strains carried by students S5 to S7 had all clearly
changed their serological markers at different points in time,
including their capsular polysaccharide expression (Table 4).
The strain carried by student S5 lost its capsule in March,
whereas that of student S6 regained its capsule in autumn after
being NG in October. The strain carried by student S7 was
noncapsulated in October, switched on its capsular expression
in autumn, and reverted to NG status in March. The PFGE
profiles of S5 to S7 are shown in Fig. 2.
(iv) Evidence for recolonization or simultaneous carriage.
The serological markers and PFGE profiles of the first and
third isolates of students S8 (Fig. 2) and S9 (data not shown)
were indistinguishable.
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isolates seems to be lower among the non-B non-C strains
(0.62) than among B and C ones. More interestingly, this ratio
was greater among group B strains than among group C strains
(2.9 versus 0.95, respectively). Also, the ratio of group B to
group C strains among capsulated isolates was significantly
greater than that among NG isolates. These data suggest that
group C strains are more likely to switch off their capsular
expression than group B ones. This may be due to greater
pressure on serogroup C strains, generated by their more immunogenic capsule, compared with serogroup B. In this context, it will be interesting to see what impact mass vaccination
with conjugated serogroup C vaccines will have on the carriage
rate and/or capsular expression of serogroup C strains. Conventional capsular polysaccharide vaccines against serogroup
C appear to have little impact on nasopharyngeal carriage of
the organism. Recently, a number of large-scale phase II clinical trials were carried out on new-generation conjugated
group C capsular polysaccharide vaccines (9, 10). These have
been followed more recently by mass immunization in the
United Kingdom covering all age groups up to university undergraduate level. In view of the recent findings that serogroup
B and C strains can exchange capsular genes (16, 17), there
may be a risk of forcing such escape mechanisms on hypervirulent strains as a result of the increased level of herd immunity generated by mass vaccination. It is therefore important to be aware of this risk during surveillance before and
after mass vaccination. Conventional methods of meningococcal surveillance, based on morbidity and mortality combined
with phenotypic characterization of isolates, will not detect
capsular switching by hypervirulent strains or determine the
success of vaccination. In collaboration with five other United
Kingdom centers, we have recently embarked on a major “molecular surveillance” project to monitor pre- and postvaccination changes in the circulating meningococcal population.
Large population samples (around 15,000 students), consisting
of 15- to 16-year-old adolescents, have been swabbed before
the recent vaccination campaign and will be reswabbed annually over the next 2 years. All meningococcal isolates will be
subjected to multilocus sequence typing, in order to study their
genetic structures and detect any possible changes in capsular
expression of the currently prevalent group C strains, which
belong to the ET-37 complex.
In this study, follow-up of index carriers and noncarriers
during the course of the academic year indicated that individuals may carry meningococci for short or long periods (over 6
months) and those who eradicate one episode of meningococcal carriage remain susceptible to subsequent colonizations. Of

students who entered the university as noncarriers, almost twothirds were negative when screened in autumn and spring.
These have been previously labeled persistent noncarriers.
However, it is important to remember that the putative persistent noncarriers may have also carried an organism at some
point in the past (or between swabs) but cleared it prior to
swabbing. An alternative explanation is that their carriage (at
the time of swabbing) was below detection threshold. The high
turnover of carriage and continued susceptibility to further
colonization suggest that the organism colonizes different individuals at different points in time and that most students are
potential targets. This would secure continued circulation of
the various meningococcal clones in the community, and conversely, the student population might gradually acquire herd
immunity against the circulating strains.
From the serological markers alone, it appears that virtually
all of the phenotypically distinct strains, which were found in
October, continued to be represented, although to varying
ratios, throughout the academic year (data available on request). The proportion of the individual capsular groups, types,
and subtypes fluctuated only marginally during the course of
the academic year, suggesting that there may be a relatively
stable natural equilibrium among the carried meningococcal
population in this setting. A similar observation was made in
the study reported by Andersen et al. which was carried out
over a 3-month period on military recruits (1). In contrast,
Jones and colleagues studied nine military recruits who acquired meningococci during the course of 30 weeks of basic
training (8). They found that a dominant strain carried by one
individual at the start of the course later colonized six more
individuals by the end of the course. Although the study population was too small to provide solid conclusions, this observation may suggest that some strains (clones) are capable of
displacing others in the carried meningococcal population. The
fact that military recruits train and associate in small platoonstrength groups with considerable intimacy may explain why
one clone can predominate. In contrast, in a larger university
campus, the social interaction among students is more diverse
and individuals are exposed less-continuously to a greater
number of other persons. This phenomenon deserves further
detailed examination. Similarly, the effect of the summer vacation on the meningococcal population and the fate of individual strains is also unknown.
Little is known about the host-pathogen interaction during
long-term carriage, and it is not entirely clear whether the
persistent carriers predominantly harbor the same or different
strains during their carriage period. In this study, it is evident
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FIG. 2. PFGE profile of sequential isolates of students S5 to S8. Oct, October; Dec, December; Mar, March.
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infection. Our findings suggest that this approach requires
careful consideration.
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that carriage of particular strains did not prevent colonization
with a heterologous strain; this is in agreement with the findings of Jones et al. (8). Given that a third of the autumn-round
isolates expressed the same capsular serogroup as their paired
index isolates (Table 3) but that only six could be considered
highly likely to be the same, it is clear that capsular phase
variation, coupled with the hypervariability of serotype and
subtype antigens, makes it extremely difficult to rely on serological markers to determine the fate of individual meningococcal isolates or the clonal relation of disseminated strains.
This latter issue is of epidemiological and public health importance during epidemic outbreaks of meningococcal disease.
Only molecular techniques, such as PFGE and multilocus sequence typing, are sufficiently reliable ways to trace and link
virulent strains (18).
The fact that the three individual strains carried by students
S5 to S7 (Table 4) had all clearly changed their serological
markers, including their capsular polysaccharide expression, at
different points in time and yet were genetically indistinguishable demonstrates meningococcal in vivo capsular switching
(on and off in both directions) among carriers. Very often,
outbreak strains are not identified among carriers during outbreak investigations (e.g., in Cardiff University, Cardiff, and
Southampton University, Southampton, United Kingdom) because only serologically groupable isolates are examined.
Therefore, when searching for particular hypervirulent strains
among carriers (e.g., during outbreaks), all NG isolates ought
to be genogrouped for the capsular group in question.
The serological markers and PFGE profile of the first and
third isolates of students S8 and S9 were indistinguishable,
suggesting that the students were recolonized in March by their
October isolates after harboring a heterologous strain in autumn (Fig. 2). If this were the case, it would imply that meningococcal carriage may not protect against even the homologous strain, let alone a heterologous one. Alternatively, these
students might have carried both strains simultaneously at all
times, but we failed to detect them together during the laboratory identification process, because we examined only pure
growths originating from single colonies on the original culture
plates. Andersen et al. (1) showed that a small minority (15 of
1,777) of swabs from military recruits yielded two simultaneous
phenotypically distinct isolates of meningococci. Moreover,
multiple isolates from patients with invasive meningococcal
disease, where two distinct isolates were isolated (blood and
cerebrospinal fluid samples) from the same patient have also
been reported previously (5).
It has been suggested elsewhere that individuals acquiring
new strains are at greater risk of invasive meningococcal disease and that carriage of Neisseria spp. protects against disease
(7, 14). During the course of the autumn term, two students
who were noncarriers in the first week of October developed
invasive meningococcal disease. However, one student, who
carried Neisseria lactamica in October and a serogroup B:NT:
P1.4 strain in December, developed meningococcal meningitis
in late January with an indistinguishable strain (13). This
clearly indicates that nasopharyngeal carriage of N. meningitidis or N. lactamica will not necessarily protect against invasion
even by the same meningococcal strain. There has been some
interest in using commensal Neisseria bacteria or attenuated N.
meningitidis as a potential live vaccine against meningococcal
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