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SUMMARY

Meningococcal acquisition is a prerequisite for invasive disease. Three hundred and eleven male
marine commando recruits were studied throughout 29 weeks of basic training to identify
factors influencing meningococcal carriage and acquisition including troop number, season,
smoking, respiratory infection, antibiotic usage and nasopharyngeal bacterial interference flora.

A high carriage rate on entry to training (118/311, 37-9%) and subsequent sustained high
rates of meningococcal acquisition were found. Of the potential factors examined, only active
and passive smoking were found to be associated significantly with meningococcal carriage on
entry. The association between active smoking and meningococcal carriage was dose-dependent,
with odds ratios (OR) of 2:2 (95% ClIs 1:0-4-8) and 7-2 (95% ClIs 2:3-22-9) for light and heavy
smokers respectively. Passive smoking predisposed independently to carriage (OR 1-8, 95% Cls
1-1-3-0). Active and passive smoking combined to give an attributable risk for meningococcal
carriage of 33%. In contrast, despite a high and sustained rate of meningococcal acquisition in
the study population, none of the risk factors investigated, including active smoking, was
associated significantly with meningococcal acquisition. No cases of meningococcal disease
occurred during the 16-month study period. Therefore smoking may increase the duration of
meningococcal carriage rather than the rate of acquisition, consistent with the increased risk of
meningococcal disease from passive as opposed to active smoking. Public health measures that
reduce the prevalence of smoking should reduce the risk of meningococcal disease.

acquisition of a pathogenic strain of meningococcus is

INTRODUCTION .. . . .
a prerequisite for invasive disease [3], factors favour-

Meningococcal disease remains a significant cause of
morbidity and mortality in children and young adults
in the UK [1] and elsewhere [2]. Since recent
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ing acquisition are important in the pathogenesis of
the infection. Point prevalence studies of carriage are
frequently used as a proxy for meningococcal ac-
quisition, but if the duration of meningococcal
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carriage varies [4-8], the relationship between ac-
quisition and carriage is not necessarily predictable.

There are many published studies of meningococcal
carriage [9]. Carriage rates peak in young adults, and
are low in the very young and the elderly [10]. Male
sex [10, 11], cigarette smoking [11-13] and severe
overcrowding [13, 14] are all associated with increased
rates of carriage. Caugant and colleagues, studying a
normal (i.e. non-epidemic) population, found in
addition that those working outside the home,
especially in transportation or industry, were more
likely to harbour meningococci [11].

The available data indicate that season [7, 15, 16],
and by inference, respiratory tract infections, have
little or no influence on carriage rates. However,
Olcén and colleagues, studying household contacts of
meningococcal disease, recorded a higher prevalence
of symptoms of upper respiratory infection among
meningococcal carriers than non-carriers [17]. In-
terference by competing bacterial strains among the
normal flora of the upper respiratory tract may also
affect meningococcal carriage [18]. Treatment of
meningococcal carriers with antibiotics such as rif-
ampicin may result in freedom from meningococcal
carriage for months or possibly even years [19].

Evidence from prospective studies [3] and from
laboratory-acquired infections (K. Cartwright, un-
published data; D. M. Jones and J.-Y. Riou, personal
communications) suggest that when invasive meningo-
coccal disease occurs, the interval between acquisition
of a pathogenic meningococcus and systemic invasion
is normally brief — a matter of a few days. However,
studies of factors affecting acquisition, which require
repeated swabbing of cohorts of individuals, have
been reported less frequently than carriage studies
[5, 17, 15, 20].

In military recruit camps large numbers of young
adult males, a group with a high meningococcal
carriage rate, are brought into close proximity for
periods of several months, favouring enhanced trans-
mission of meningococci. An increased risk of cases
and clusters of meningococcal disease in military
recruit camps has been recognized since the last
century [21]. Over 70 years ago, Glover showed that
acquisition and carriage rates in such camps could be
very high, the latter exceeding 50 % from time to time,
and that periods of very high carriage rates were
associated with development of cases of invasive
infection [22]. Subsequently, an association between
high rates of meningococcal carriage and disease in
defined communities has been questioned [23, 24].
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Preliminary studies in a United Kingdom Royal
Marine recruit training centre had shown high levels
of meningococcal carriage and therefore, by inference,
of acquisition. This suggested that the centre would
serve as a suitable location in which to try to elucidate
further the relative contributions of a number of
possible factors influencing meningococcal acquisition
and carriage. The influence of meningococcal ac-
quisition and carriage on serum and salivary anti-
meningococcal outer membrane protein (OMP) anti-
bodies was also investigated, but the findings of these
studies will be reported separately.

SUBJECTS, MATERIALS AND
METHODS

Recruit training

At the time of the study, new troops of 30—40 Royal
Marine recruits began basic training at the Com-
mando Training Centre, Lympstone, Devon, at 4-
weekly intervals throughout the year. Training nor-
mally lasted for 29 weeks. For the first fortnight,
members of a troop all slept in one large dormitory.
Subsequently recruits were quartered in smaller rooms
sleeping 6-8 persons. The training programme in-
volved considerable physical exercise and included
arduous physical endurance tests each of which had
to be passed before a recruit could continue with the
next stage of training. Approximately 25 % of those
starting the programme failed to complete it, and a
further 25% lost time through injury or illness such
that they were ‘back-trooped’ and completed training
with a later troop than that in which they started. At
the time of the study, recruits were not offered
meningococcal vaccine on entry to training.

Specimen collection and initial processing

Permission to carry out the study was granted by the
Royal Navy Ethical and Research Committee and by
the Commanding Officer of the Commando Training
Centre. Specimen collection at the Training Centre
was carried out between January 1994 and May 1995.
During the first week of training all recruits attended
the sick-bay for medical examination and im-
munization. The background to the study and the
implications of taking part were explained to recruits
by one of the camp’s medical officers. Entry to the
study was voluntary and recruits were included only if
they gave written consent.
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Pairs of plain cotton swabs were used to sample the
posterior pharynx of all participating recruits on entry
and then again at 4-weekly intervals throughout
training. Swabbing was by the trans-oral route [25].
One of each pair of swabs was plated directly onto
Oxoid (Oxoid Ltd, Basingstoke, UK) New York
City neisserial selective agar (containing colistin
sulphate 7-5 mg/I, trimethoprim 3-0 mg/1, vancomycin
2:0 mg/l and amphotericin 1-0 mg/l). Plates were
transported to Exeter Public Health Laboratory
(PHL) within 1 h and incubated at 37 °C in 5% CO,
for 48 h.

Presumptive meningococci were identified by col-
onial morphology, Gram stain and oxidase reaction.
All isolates were sub-cultured to chocolate agar slopes
for transmission to the Meningococcal Reference
Unit (MRU) at Manchester PHL. At the MRU,
isolates were sub-cultured onto blood agar and
incubated in 5% CO, for 24 h. On the following day,
suspensions were made and isolates speciated, sero-
grouped by co-agglutination [26], and serotyped and
sero-subtyped [27].

Interference with meningococcal growth by
nasopharyngeal aerobic commensal flora

The second of each swab pair was inoculated directly
onto tryptone soya agar (TSA) and Columbia blood
agar base (COL). TSA was used as a test medium on
the basis of work done by Filice and colleagues [18],
and COL was selected following preliminary in-
vestigations at Gloucester PHL.

Agar plates were transported directly to Gloucester
PHL where they were incubated overnight in 5% CO,
at 37 °C. Semi-quantitative estimation of the total
aerobic nasopharyngeal flora (normal flora) was made
on a scale of + to + + +. Interference with the
growth of a serogroup A meningococcus by organisms
present in the nasopharyngeal flora was then detected
using a modification of a previously described agar
overlay technique [28]. N. meningitidis (Haj strain —
A4:P1-9, supplied by the MRU), was grown overnight
at 37°C on COL supplemented with 5% v/v
defibrinated horse blood (BA). This strain was selected
following preliminary comparative studies of rep-
resentative strains of different meningococcal sero-
groups. Filice and colleagues also used a serogroup A
strain. A standardized suspension of meningococci in
tryptone water was added to 500 ml molten (50 °C)
Mueller-Hinton agar (MH) to a final concentration of
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approximately 10 c.f.u./ml). Inoculated overlay me-
dium (7-5 ml) was then pipetted onto the surface of
each plate growing nasopharyngeal organisms. Plates
were again incubated overnight.

The next day, inhibition of meningococcal growth
(i.e. interference flora) was recorded in a semi-
quantitative fashion, on a scale of + to + + +.
Individual colonies causing inhibition were picked
with a straight wire through the overlay and sub-
cultured onto BA. The ability of these isolates to
inhibit the growth of the Haj meningococcus was
confirmed by retesting. The picked organism was
spot-inoculated onto TSA and COL, incubated
overnight and then overlaid with Haj meningococcus
as described above. An isolate was considered to be
inhibitory if meningococcal growth was again clearly
visibly inhibited over the site of inoculation of the test
organisms.

By converting the + to + + + scale for interference
flora on COL and TSA to a numerical scale of 0-5-3-0,
an average value was calculated for abundance of
interference flora in each swab.

Sporadic contamination of TSA and COL plates by
Bacillus spp. occurred. When these plates were
overlaid with MH agar a single Bacillus sp. colony
would invariably spread over the whole surface of the
agar obscuring any interference effect. Approximately
3% of swabs were affected. Results of these swabs
were excluded from the analysis.

Immunological studies

Samples of clotted blood and saliva were obtained
from recruits at the start, midpoint and end of
training (weeks 1, 15 and 29). Samples were trans-
ported to Exeter PHL where serum was separated.
Serum and saliva samples were refrigerated prior to
transmission by post to the MRU. Serum samples
were tested for meningococcal OMP IgG and IgM
antibody using an ELISA test as previously reported
[29].

Personal health and lifestyle factors

A questionnaire was used for collection of data on
smoking and on wife/girlfriend /partner status. This
allowed categorization firstly by active smoking
history into non-smoker (no tobacco smoked), light
smoker (up to 10 cigarettes per day) and heavy
smoker (more than 10 cigarettes per day) and secondly
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by passive smoking history through exposure to
smoking either by household members or partners.

Data on recent respiratory infections and on recent
exposure to antibiotics was based on self-reporting at
swabbing sessions. Neither data on sick-bay attend-
ance nor details of specific antibiotics administered
were recorded.

Meningococcal carriage and acquisition

The following definitions were used:

Carrier: a recruit from whose nasopharynx a
meningococcus was isolated on at least one occasion.

Non-carrier: recruits from whom at least three
nasopharyngeal swabs were collected, all of which
were negative for meningococci on culture.

Strain acquisition: culture of a meningococcus from
a recruit preceded immediately by two or more
consecutive negative nasopharyngeal swabs, and with
no prior meningococcus isolated.

Statistical methods

Associations between potential risk factors and
carriage on entry were examined using logistic
regression in the statistical package GLIM4 [30].
Factors examined included troop number, season,
active smoking, passive smoking, history of recent
respiratory infection, history of recent antibiotic usage
and presence and amount of pharyngeal bacterial
interference flora. Factors were tested individually in
single variable models before examination in multi-
variable models.

Cox’s proportional hazards model was used in the
statistical package STATA [31] to examine risk factors
for meningococcal acquisition. Factors tested were as
listed above for carriage, but with the addition of
back-trooping, normal flora level, troops’ initial
prevalence of smoking and meningococcal carriage
and pre-existing serum meningococcal OMP anti-
body. Only those recruits with negative meningococcal
cultures on both swabs 1 and 2 were enrolled in the
acquisition study model. Time to acquisition, or to a
final negative result were modelled, and the various
risk factors were tested for their effect on acquisition.
Factors were tested individually in single variable
models and those with a P value of 025 in a
multivariable model.

A further analysis was carried out using the
proportion of swabs positive per recruit as the
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outcome measure. Only recruits with three or more
swabs were included in this analysis. Risk factors
tested were troop number, back-trooping status,
active smoking status on entry, girlfriend/wife status,
passive smoking status, occurrence of two or more
respiratory infections during training, self-reported
recent antibiotic use and mean levels of normal and
interference flora. This analysis permitted the ex-
ploitation of data which might otherwise have been
overlooked, since analysis by acquisition employed
data only up to the point of acquisition, and analysis
by carriage on entry tested only those factors relevant
to the results of meningococcal culture of the first
swab. Normal regression was used after adjustment of
the proportions with an arc-sine transformation to
enable a valid analysis.

Troop carriage rates for different meningococcal
serogroups were compared using y? tests or Fisher’s
exact test.

RESULTS

Age structure of recruits population and compliance
with specimen collection

A total of 311 recruits in 8 troops participated in the
study. Troops ranged in size from 29 to 46 (mean 39).
Recruits were all young adult males (mean age 20
years). Among recruits, 79 (25 %) were back-trooped
on at least one occasion. The median number of swabs
per recruit was 7. A total of 114 recruits had all 8
swabs collected throughout training as planned. A
further 24 recruits had 9 or 10 swabs as a result of
back-trooping and re-entry to the study. Eighteen
percent (56/311) of recruits had fewer than 3 swabs.

Meningococcal carriage on entry (Fig. 1)

On entry, 188 of 311 (37'9 %) recruits were meningo-
coccal carriers. Rates ranged from 27:5% in troop
655, the first troop to commence training, to 53-8 % in
troop 660. Differences in carriage rates between troops
on entry to training (Fig. 1) were not statistically
significant (P = 0-52). There was no evidence of a
seasonal effect on meningococcal carriage rate.

Risk factors for carriage on entry (Tables 1, 2)

Questionnaires were completed by 294/311 recruits
(94:5%) on entry. Of 49 current smokers (16:6 %), 31
were light, and 18 were heavy smokers.
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Fig. 1. Carriage rate of entry by month of commencement of
training.

Results from the single variable analysis are shown
in Table 1. Troop number, recent respiratory in-
fection, recent exposure to antibiotics and presence of
interference flora in the nasopharyngeal swab were
not significantly associated with carriage. Recruits
recently exposed to antibiotics were less likely to be
carriers, with an OR of 0-69, but this trend did not
reach significance; only small numbers of recruits had
been exposed recently to antibiotics.

When active and passive smoking were examined
together in a multivariable model, both were associ-
ated with an increased likelihood of meningococcal
carriage (Table 2). The association between active
smoking and meningococcal carriage was dose-
related. There was an independent effect of passive
smoking, demonstrating that whether or not a recruit
was a smoker, his odds of carriage increased if he was
also exposed passively to cigarette smoke. Hence
heavy smokers also exposed to smoking had an OR
for meningococcal carriage of 130 (7-2x 1-8). The
independent attributable risks were estimated as 14 %
for active, and 19 % for passive smoking. This could
explain 33 % of meningococcal carriage.

Analysis of risk factors by proportion of swabs
positive for meningococci

Three factors were associated significantly with the
proportion of positive swabs in a multivariable normal
regression analysis. As might be expected, recent
exposure to antibiotics was associated with a lower
proportion of positive swabs (P = 0-:01), whereas the
occurrence of more than two respiratory infections
was associated with a higher proportion of positive
swabs (P = 0-02). Surprisingly, a higher mean in-
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Fig. 2. Carriage rates by session throughout training.

terference flora level was also associated with a higher
proportion of positive swabs (P = 0-005).

Fitted values using these three risk factors gave
estimates for the proportion positive ranging from
28% (two or fewer infections, low levels of in-
terference flora and recent exposure to antibiotics) to
84% (more than two infections, high levels of
interference flora, no recent antibiotic exposure).

Sequential carriage data (Fig. 2)

Data on carriage rates for troops by session (i.e.
sequentially through training) are shown in Figure 2.
Mean carriage rates ranged from 37-9 % at session one
to a peak of 56:8 % at session seven. The y?* test for
trend showed a significant upward trend (P < 0-001).

Serogroup data (Fig. 3)

After exclusion of multiple isolates from the same
individual, meningococcal strains which could not be
serogrouped predominated amongst all isolates, fol-
lowed by strains of serogroup B. Serogroup C strains
were isolated only rarely throughout the study. The
prevalence of strains of serogroups X and Y rose in
late sessions at the expense of serogroup B and non-
groupable strains, reflecting their spread through the
members of individual troops, e.g. Troop 655 (Fig. 4).
This trend was significant (P < 0-01).

Meningococcal acquisition

Fifty-six recruits were excluded from the analysis of
strain acquisition because fewer than three swabs were
obtained. A further 115 were excluded because they
grew a meningococcus from swab 1 or 2; of these 115,
19 (17%) went on to acquire a new strain and 96
(83%) acquired no new strains after swab 2.
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Table 1. Single variable analysis of risk factors for carriage

% Carriers

Factor  No. of on first Odds
Risk factor level recruits swab ratio 95% ClIs P value
Troop 655 40 27-5 1-00 Baseline 0-52
656 29 379 1-61 0-58-4-47
658 32 375 1-58 0-58-4-28
660 39 53-8 3:07 1-20-7-84
662 40 375 1-58 0-61-4-06
663 40 375 1-58 0-61-4-06
664 45 37-8 1-60 0-64-4-01
666 46 34-8 1-41 0-56-3-53
Recent respiratory infection No 216 379 1-00 Baseline 0-99
Yes 95 379 1-00 0-61-1-64
Recent antibiotics No 291 385 1-00 Baseline 0-48
Yes 20 30-0 0-69 0-26-1-83
Interference flora level 0 92 34-8 1-00 Baseline 0-49
1 69 362 1-07 0-56-2-04
2 74 459 1-59 0-85-2-98
3 69 377 113 0-59-2-17
Smoking status Non 246 309 1-00 Baseline 0-0003
Light 31 484 2-10 0-99-4-46
Heavy 17 765 7-27 2:30-23-0
Passive smoking exposure No 165 29-7 1-00 Baseline 0-021
Yes 129 42-6 1-76 1-09-2-85

Table 2. Multivariable analysis of selected risk factors for carriage

Factor Adjusted

factor level odds ratio  95% Cls P value
Smoking status Non 1-00 Baseline 0-0003
Light 224 1-04-4-82
Heavy 7-18 2:25-22-94
Passive smoking exposure No 1-00 Baseline 0-021
Yes 1-80 1-09-2-97
Of the remaining 140, 94 acquired a meningococcus 409 o4 of all isolates
and 46 were persistently negative. Figure 5 shows the 35 4
rate of acquisition per swabbing session for recruits 30 4
not previously carriers. Acquisitions occurred steadily 25 |
throughout training among the diminishing numbers 20|
of non-carriers and without a significant peak. There 15
were no cases of meningococcal disease identified in
participants over the duration of the study. ](5) ]
0 4

NG B Y X W-135 Z C H

Risk factors for meningococcal acquisition (Table 3) Serogroup

Of the 140/311 recruits available for analysis of Fig. 3. Meningococcal isolates by serogroup (excludes repeat
acquisition, the only factors showing statistical sig- isolates in the same individual).
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Fig. 5. Acquisition rates by swabbing session (by definition,
acquisition could not be detected in the first two sessions).

nificance in single variable analysis were troop number
(in particular Troop 655), troops’ initial proportion of
smokers, and season (Table 3). For many risk factor
analyses there were low numbers at some of the factor
levels (e.g. numbers of heavy smokers) and hence a
low power to detect significant effects. Smoking by
recruits in the camp was only permitted in one
designated area, and not in accommodation blocks or
any other communal areas. The effect of recent
antibiotic treatment was as expected (hazard ratio
0-53) but the ratio did not reach statistical significance.

In the multivariable analysis, only membership of
Troop 655 had a possible independent effect (hazard
ratio compared to all other troops combined of 1:93,
95% ClIs 0:98-3-81; P = 0-06). The effects of season
(P =0-29) and troops’ initial proportion of smokers
(P =063) were no longer close to statistical sig-
nificance. Troop 655, the first troop in the study, had
a low proportion of smokers on entry and had a large
number of acquirers on swab 3 (swabs collected in
March).
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We were unable to demonstrate an effect of season
on either carriage or acquisition. Further, there was
no effect of pre-existing ELISA meningococcal OMP
antibody (IgG or IgM) on risk of meningococcal
acquisition.

DISCUSSION
Subjects and study design

The choice of cohorts of recruits in training for this
study was based on the fact that recruits are known to
have high meningococcal acquisition and carriage
rates, thereby facilitating the study of possible risk
factors in a non-epidemic setting. The prolonged,
structured training programme facilitated sequential
sampling at regular intervals. A potential disad-
vantage of studying this population was that the
subjects were not representative of the general
population in respect of factors such as gender,
sleeping accommodation, the level of physical fitness
and of continued exposure to intensive physical
exertion. Cigarette smoking rates on entry to training
(16:6 %) were low; the prevalence of smoking in 16- to
19-year-old males in Great Britain in 1994 was 28 %
[32]. We did not attempt to gather data on factors
such as social class or domestic overcrowding.

Meningococcal carriage on entry

The carriage rate on entry was high at 38%.
Meningococcal carriage rates in the UK are known to
peak in this age group, and to be higher in males than
females [10]. High carriage rates may have reflected
efficient swabbing and culture techniques. Detection
of meningococci in the nasopharynx on the basis of a
single nasopharyngeal swab is known to be insensitive
[8] and the carriage rates determined on entry, despite
being high, were certain to be underestimates.

Smoking and meningococcal carriage on entry

The data on smoking and carriage on entry confirm
and amplify the findings of other studies [11-13, 33].
To date, smoking is the single most powerful identified
factor influencing meningococcal carriage. In this
study we were able to confirm the independent
predictive effects of active and passive smoking in
increasing the likelihood of meningococcal carriage.
Smoking may have accounted for a third of meningo-
coccal carriage.
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Table 3. Single variable analysis of risk factors for acquisition

Hazard
Risk factor Factor level ratio 95% Cls P value
Troop 655 2:36 1-17-4-75 0-067
656 0-85 0-38-1-90
658 1-12 0-48-2-58
660 0-69 0-31-1-56
662 1-12 0-55-2-38
663 0-55 0-20-1-40
664 1-24 0-64-2-43
666 1-:00 Baseline
Month (season) Winter (Dec.—Feb.) 1-00 Baseline 0-043
Spring (Mar.—May) 2:69 1-21-5-97
Summer (June-Aug.) 2:28 1-00-5-21
Autumn (Sep.—Nov.) 1-72 0-79-3-81
Back trooper status No 1-00 Baseline 0-26
Yes 1-28 0-83-1-96
Active smoking status Non-smoker 1-00 Baseline 0-62
Light smoker 0-90 0-43-1-85
Heavy smoker 2-09 0-51-8-62
Passive smoker on entry status No 1-00 Baseline 0-22
Yes 0-77 0-50-1-18
Recent respiratory infection No 1-:00 Baseline 0-61
Yes 1-11 0-72-1-71
Recent antibiotics No 1-00 Baseline 0-22
Yes 0-53 0-19-1-48
Troops’ initial prevalence of carriage Low (< 35%) 1-00 Baseline 0-54
High (> 35%) 0-87 0-56-1-35
Percentage of smokers in troop of entry Low (< 15%) 1-00 Baseline 0-04
High (> 15%) 0-66 0-44-0-99
Interference flora level 0 1-00 Baseline 0-54
1 0-74 0-36-1-50
2 0-90 0-46-1-76
3 1-10 0-58-2-08
IgM status on entry Negative 1-:00 Baseline 0-50
Positive 1-26 0-64-2-53
IgG status on entry Negative 1-00 Baseline 0-70
Positive 092 0-60-1-40

Antibiotics and meningococcal carriage on entry

Exposure to recent antibiotics had no significant effect
on meningococcal carriage rates on entry. This may
have been due to the fact that the number of recruits
who had received antibiotics just prior to entry was
small. Also, some exposure might have been to
antibiotics without any activity against meningococci.
When exposure to antibiotic therapy was compared
with the proportion of swabs positive for each recruit,
a much larger volume of data could be analysed, and
antibiotics were then found to be protective. This
association seems logical and has been noted in other
studies [34].
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Season, respiratory infections and meningococcal
carriage on entry

Significant differences between carriage rates on entry
to training were not detected. Since troops com-
menced training at roughly monthly intervals, this
finding provided additional evidence for the (some-
what surprising) failure of season to affect meningo-
coccal carriage rates [7, 15, 16]. This suggests that
viral infection is unlikely to be an important pre-
disposing factor for meningococcal carriage.
However, recruits who experienced more than two
respiratory infections during the study were more
likely to have a higher proportion of positive swabs.
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This observation, and the finding of a higher carriage
rate in household contacts of cases with symptoms of
upper respiratory infection [17] are consistent with
Pether’s hypothesis that meningococci can cause sore
throat [35].

Interference flora and meningococcal carriage on
entry

The study of interference flora was reliant on
methodology which lacked substantial validation with
regard to meningococci. Recruits showed a fairly even
distribution from no detectable interference flora to
level 3, the maximum level. However, not only did we
fail to detect any protective effect from the presence of
interference flora, but there was a trend, albeit not
significant, towards higher carriage rates in recruits
with higher interference levels. This possible associ-
ation was supported by the fact that a high in-
terference flora level was significantly associated with
a higher proportion of positive swabs for individual
recruits. These observations conflict with the limited
published data available [18].

Spread of individual serogroups

Recruits in this study did not receive meningococcal
vaccination on entry to basic training. The dis-
tribution of meningococcal serogroups amongst
recruits on entry was consistent with data from other
carriage studies in non-epidemic situations. It was
striking that throughout training, serogroup C strains
were uncommon with no detectable transmission
within troops. In contrast, strains of serogroups X
and Y appeared to disseminate rapidly within troops,
suggesting substantial variation between meningo-
coccal serogroups in their capacity for dissemination,
or variable host resistance to acquisition dependent
on the meningococcal serogroup concerned.

Persistent freedom from acquisition or carriage

One of the most striking findings of the study was the
fact that despite very heavy exposure to meningococci
throughout training, 22/138 (159%) recruits who
had eight or more swabs remained persistently free of
meningococci. However, the monthly acquisition rate
amongst residual susceptible recruits remained steady
throughout basic training, averaging 21 %, with no
diminution of acquisitions towards the end of the
training period, suggesting that most if not all residual
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susceptible recruits would have acquired a men-
ingococcus had training continued.

Possible explanations include a failure to detect
meningococci sensitively in nasopharyngeal swabs
(though carriage rates were very high in this study), a
high level of host mucosal resistance to meningococcal
colonization, or an undetected inhibitory effect of
components of the nasopharyngeal flora (e.g. an-
aerobic bacteria, which were not sampled in this
study). The failure of serogroup A meningococci to
spread in UK populations [36] following documented
introductions from the Middle East [37] suggests that
some part of mucosal resistance to colonization may
be serogroup-specific. Such resistance to colonization
may be a key component of protection from invasive
meningococcal infection.

Meningococcal acquisition

There was a significant increase in carriage rates as the
study progressed. Given that there was a substantial
incidence of acquisition, this was not unexpected. The
high acquisition rate in Troop 655 was probably an
artefact, resulting from this being the first troop to
enter the study, and with the lowest initial prevalence.
Staff may not have gained sufficient swabbing ex-
perience at this early stage and swabbing techniques
may have been suboptimal for swabs 1 and 2 for this
troop.

The decision to require two consecutive negative
swabs prior to a positive in order to define strain
acquisition was stringent (and based on previous
unpublished work); it ensured that our analysis was of
true acquisition rather than a consequence of in-
sensitive swabbing. The expectation of a high rate of
acquisition in the study population was confirmed. Of
139 initially negative recruits with sufficient swabs
taken 92 (66%) acquired a meningococcus during
training.

The even distribution of acquisitions throughout
the duration of training is at odds with the timing of
the known high risk of invasive meningococcal disease
in recruits, which occurs principally in the first 34
weeks of basic training [38, 39]. The strains circulating
within our study population were mainly of low
invasive potential (non-groupable strains and strains
of serogroups X, Y, W-135 and 29E). In particular,
strains of serogroup C were notable for their scarcity;
however, there were numerous strains of serogroup B
isolated, at least some of which were likely to have had
invasive potential.
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Our attempts to identify risk factors associated with
acquisition of meningococci were unsuccessful. A
trend towards protection from acquisition through
exposure to antibiotics did not attain significance;
only a small number of recruits received antibiotics.
As with carriage rates, high levels of interference flora
were weakly associated with acquisition. The lack of
protection from acquisition by pre-existing IgG or
IgM meningococcal OMP serum antibodies was
unexpected.

Active smoking was not associated with an in-
creased risk of meningococcal acquisition, despite a
strong association with carriage. This surprising
finding may be true. However, in this study, the
majority of smokers were colonized on entry and
there were very few smokers left as potential acquirers.
Thus we may have failed to detect a true association.
Passive smoking during training was not assessed.

If smokers have a higher prevalence of carriage but
are no more likely to acquire meningococci than non-
smokers, we infer that the association between
smoking and carriage may be caused by prolongation
of duration of carriage. Further research is needed, or
re-analysis of previous studies, to confirm this point.
An increased risk of disease in smokers would not
necessarily be expected, since their immunity could be
boosted by repeated and prolonged exposure to
nasopharyngeal meningococci. In contrast, those in
close contact with smokers might be expected to
experience an increased risk of acquisition and disease.

This hypothesis is supported by case control studies
demonstrating a higher risk of invasive disease in
those who live with smokers, and no, or minimally
increased risk amongst active smokers themselves
[40, 41]. Since asymptomatic carriers are the source of
over 95 % of meningococcal infections [42], and since
smokers are more likely to be carriers, measures which
reduce the prevalence of smoking may be expected to
reduce the incidence of meningococcal disease.
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