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Risk factors for Neisseria meningitidis carriage in a school
during a community outbreak of meningococcal infection

A.L.DAVIES™* D. OFLANAGAN? R. L. SALMON! anp T.J. COLEMAN?

YPHLS Communicable Disease Surveillance Centre, Abton House, Wedal Road, Roath, Cardiff CF4 30X
® Department of Public Health Medicine, Powys Health, Mansion House, Bronllys Hospital, Bronllys,

Powys LD3 OLU

8 Public Health Laboratory, County Hospital, Hereford HRI 2ER

(Accepted 21 April 1996)

SUMMARY

As part of the management of an outbreak of meningococcal infection, 119 school contacts of
an index case were swabbed for nasopharyngeal carriage. In a cohort study, risk factors for
Neisseria meningitidis carriage were ascertained by means of a questionnaire, completed by 114

(96 %) of those swabbed.

Twenty five (21 %) cultures were identified as ‘neisseria positive’; of which there were 18
(15%) Neisseria meningitidis isolates, 2 (2%) Neisseria lactamica isolates and S (4 %) showed
contaminants only. Two (2%) carriers were identified as harbouring the implicated outbreak
strain. Single variable analysis identified six statistically significant risk factors for
meningococcal carriage; increasing age, female sex, manual social class, personal smoking,
regular attendance at a discotheque and rhinorrhoea. Multivariate analysis, using logistic
regression modelling, found that of these six variables only age, sex and social class remained
statistically significant when the other factors were controlled for. Nevertheless the role of
smoking, social events and respiratory/viral infections in nasopharyngeal carriage, and other
plausible mechanisms whereby age, sex and social class might exert their effect, could usefully

be investigated further.

INTRODUCTION

Since man is the only known reservoir of Neisseria
meningitidis, factors which influence its acquisition,
continued carriage and virulence are of great im-
portance. At present, whilst infection rates are usually
1-2 per 100000 [1], the meningococcal carriage rate is
approximately 5-10% in the general community [2]
and this may vary enormously. During epidemics or
outbreaks in closed communities the carriage rate will
increase, possibly as high as 50 % [3-11].

This study was performed in February 1995 during
an outbreak of five cases of meningococcal infection
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in a rural area of Wales, during a 3-week period. Of
these, three of the cases attended the same school. The
two other cases had no known contact with each other
or with the school cases. The school in question had a
total of 650 pupils, with an age range of 11-18 years.
The three school cases were all female and in different
school years; aged 16, 12 and 14 years. Of the three,
N. meningitidis was only isolated from the second case
and was type B:2b:P1:10. After the second school
case had occurred, a decision was made not to widely
prescribe antibiotic chemoprophylaxis throughout the
school, but to swab all school contacts of case 2, to
determine the carriage levels of the implicated out-
break strain. These contacts consisted of those that
shared a class with case 2 and those that shared the
same school bus as case 2. This provided an
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opportunity to assess risk factors for Neisseria
meningitidis carriage.

METHODS
Swabbing

Nasopharyngeal swabs were taken, on a single day by
one of three doctors, by brushing the posterior
nasopharynx with a throat swab and placing in a
transport medium. A ‘neisseria positive” was defined
as any person whose swab culture yielded Gram-
negative diplococci which were oxidase positive. A
‘meningococcal positive’ was defined as any person
whose swab was ‘neisseria positive” and from which
Neisseria meningitidis was isolated. ‘GCA’ (New York
City Formulation) selective medium was used to
isolate neisseria, whilst the individual species were
identified using the ‘APINH’ biochemical test. Sero-
grouping was performed at the Meningococcal Ref-
erence Laboratory for England and Wales.

The questionnaire

A questionnaire on family, household, lifestyle and
medical factors was administered by a single in-
vestigator, who supervised the completion of the
forms and collected them immediately afterwards.

One section of the questionnaire asked about the
number of ‘main rooms’ in the household. For the
purpose of the study, ‘main room’ was defined as any
room in the household, excluding the following: hall,
landing, toilet, garage, bathroom or attic. In addition,
an overcrowding ratio was created, defined as follows:
ratio = number of persons living in a household/
number of main rooms in the household. The question
on personal smoking was introduced as ‘have you
ever tried a cigarette?’ After the form had been
completed, social class was allocated to manual/non-
manual by means of the O.P.C.S. Classification of
Occupations, based on the respondent’s description of
their father’s (or mother’s) occupation.

Statistical analysis

For univariate analysis, statistical significance was
calculated using ‘epiinfo’ [12]. Yates Corrected x*
Analyses of 2 x 2 contingency tables were calculated,
unless an expected cell value was less than five when
Fisher’s Exact Test (two tailed) was used. Relative
risks were calculated by means of the Taylor Series
Confidence Intervals for Relative Risk. For com-
parison of groups which contained non-parametric
data, the Mann—Whitney test was used.
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For multivariate analysis ‘MULTLR’ software [13]
was used. A model was developed which included all
those variables statistically significant (P < 0-05) on
single variable analysis. To assess the contribution of
each variable in this model, a backward stepwise
regression technique was used [14].

RESULTS
Microbiological

Of 119 eligible contacts, all 119 (100 %) were swabbed.
Seventy (59%) were male, whilst 49 (41%) were
female. The neisseria carriage rate was 25/119 (21 %),
of which 18 were confirmed as N. meningitidis, giving
a meningococcal carriage rate of 18/119 (15%). In
addition, 2 isolates of N. lactamica were obtained,
whilst 5 grew ‘contaminants only’. Two (2%) were
found to carry the outbreak strain (B:2b:P1.10). The
remainder were B (5: 4%), W135(2:2%), Y (1: 1%)
or non-groupable (8: 7%). The meningococcal car-
riage rate for bus contacts was 12/49 (24 %) and class
contacts 7/78 (9%). There was a small amount of
overlap, with one of the meningococcal carriers being
a bus and class contact.

Epidemiological

From the 119 contacts, 114 (96 %) completed question-
naires were obtained. Of the five that didn’t complete
the questionnaire; all were male, one of which was
‘neisseria positive’ (but not ‘ meningococcal positive’).

The single variable analysis

None of the household and family factors were
statistically associated with meningococcal carriage
(Table 1). In addition, non-parametric analysis found
that there was no significant difference in the
overcrowding ratio of the meningococcal positives,
compared to the ratio for meningococcal negatives
(Mann—Whitney P value = 0-50). Lifestyle factors
which had statistically significant associations with
carriage included manual social class, personal smok-
ing and regularly attending a disco (Table 2). Whilst
‘a smoker in the household’ gave a 3% increase in
carriage rate, there was a larger increase in rates (6 %)
if there was a smoker in the household who smoked
more than 20 cigarettes per day (i.e. a dose-response
relationship). Among the medical and biological
factors, being female and a history of rhinorrhoea in
the previous month were statistically significant (Table


https://doi.org/10.1017/S0950268800001436

261

Neisseria meningitidis carriage

(86-T ‘55-0) 4V (81)
§L0 81 v+ v9/6 9 6 05/6 Iy 6 u10q 151y — Iap10 YIIg
(82 ‘v¥0) (0] (81) (snp "a1)
$L0 611 £+ z6/11 8L vl Wy 81 4 Y10 Fuipfing Jus0a1 0) pesodxy
(89-€ ‘99-0) (0] (17)
L0 951 L+ 18/11 oL I €e/L 9 L dwep 01 pasodxg
(Ts€ “LED) sD (81)
£L0 Pl £+ L6/S1 8 sl Li/€ vl € woo01paq & aIeys
(59 ‘18:0) (n (zo)
120 v6-1 I+ €9/1 9¢ L 1S/11 or [1 PJoyasnoy ur swoot ujetl ssof 10 9
(Ly-S ‘¥9-0) {9))] 04 ployasnoy
8¢-0 L8] T+ €01/51 88 S1 /¢ 8 € ut ¢ Jopun suosiad arour 10 |
(LET “6£0) (o0 (s1) pjoyasnoy
$8-0 960 - SL/TI £9 zl 6£/9 €€ 9 ur g1 Jopun suosiad 7 uey) a0y
(97-€ “550) (40] (61)
LS0 pel S+ £8/T1 1L 4 1€/9 T 9 ployasnoy ut synpe g ueyl 310N
(65-C ‘81-0) sn Ly
660 I T+ 09/6 IS 6 v5/6 9% 6  Pployssnoy ur suosiad 4 uey) IO
angea 4 (1D %56S6) Ju2d 13d (o) 21el SIaLIIeD SIdLLIRY) (%,) 218l SISLIIBD sIdLLIR) 10308] ysry
ysu ysu Jaqeiae) -UON J3euie) -UON
SANEB[OY  [qEINQUNY
pasodxouny pasodxg

661 A4vniqa,] ‘Apnis 100yds [pand sajpgy "S401o0f Ljunf puv ployasnoy — aZv1and [p230203utud 40f s1010nf Y1y | dqeL

https://doi.org/10.1017/50950268800001436 Published online by Cambridge University Press


https://doi.org/10.1017/S0950268800001436

A. L. Davies and others

262

"[9A9] 60-0 Y1 1' Jueoyrugis Ajeonsnels

9T+ ‘vL-0) (€N 0
TT0 8L1 1+ 68/1 LL 4 §T/9 61 9 JUIAD 9JI] [NISSAIIS JUI
(sL-€ ‘80:0) (n (6) syjuow
00-1 6s-0 8— €01/L1 98 Ll /1 0l I € SB[ Ul peoIqe pa[[oABIL
(0$-T ‘8€0) 9N CIY)
001 L6:0 0 1€/ 9T S £8/¢1 oL €1 3sNOY 2y} Ul [PUNUR UY
(€1-6 ‘98-0) 0 (1)
110 18- v1+ 17/€ 8€ € €L/S1 8% S1 STU2AD [RID0S 2A0QE JY) JO AUy
(8S-¥ “01-0) (9D an sopm3/satumolq
001 690 g SO1/L1 88 L1 6/1 8 I /s100s/5qnd pusne Are[n3ay
(£€-6 “82:0) (90) (54)
0S-0 91 o1+ or1/L1 £6 L1 /1 € I [ooyds Aepung pusne Apre[n3ay
(ST-T ‘¥€-0) (oD G Kayooy/[[eqiau
66:0 L80 - 6L/€1 99 €l se/s 0g S /Aq3ni/{eqiooy Keid Aprengoy
(8L-8 “vt-1) ® (60
*10-0 95-€ 1c+ €L/9 L9 9 1%/T1 6T U 00sIp ® pushe Apre[nday
(60T *L£-0) Ly (1
L60 88-0 - 99/11 qe I 8y/L |84 L qu) YInox e puspe Aprendoy
ey ‘Ly0) (sn (10 Aep ® o7 < soyows
9t-0 eb 1 9+ 001/§1 S8 SI v1/¢ 11 € OyM p[OYasnoY Ul 1aYous Y
(16T “7S-0) (s1) (8D
80 1 £+ SL/TT 9 I 6¢/L 143 L ployasnoy ur 1oyows y
(089 “LT-1) (on) (62)
*700 6T 61+ 08/8 L 8 ve/01 ¥T 01 Funjows [euosIag
(¥9-9 “9T-1) (In (19)
«20-0 68 0z + vL/8 99 8 ze/01 a4 ol [enuew — SSB[O [RIOS
onfea 4 (1D %5¢$6) 120 1d (9%,) arex SISLLIBD sIaLLIR) (%) MeI SISLILIBD sIate)) 10108] jysry
st S s3eure) -UON a8eae) -UON
aAneRY dqERINGLNY
pasodxaun) pasodxqg

C661 Aipniqa.g ‘Apnis j0oyss [pind 3| “$40300f 2]4153f1] — 230D [DII020SUIUIU 4Of 10100 YSIY "7 dqR],

https://doi.org/10.1017/50950268800001436 Published online by Cambridge University Press


https://doi.org/10.1017/S0950268800001436

263

Neisseria meningitidis carriage

"[9A9] SO-0 Y3 1B JuBOHIUTIS A[[RINSURIS

(LE-S ‘0p-0) (s1) (44 430q/sprouape/s[isuo}
£9:0 91 L+ S01/91 68 91 6/T L z sArowal 0} uonesado ue pey Joag
(L8€ ‘€50 (s1 (o) qruowr
050 €91 9+ S6/¥1 18 1 61/t ST 1% 1se] oy ut Kinfur jeorsyd v
J[qemores ) 81) Yuow jsef oy ur swojduAs
120 10N 81+ Z1/0 4 0 T01/81 8 81 LL¥) 2r0Qe 2y) Jo Auy
(18t ‘#8-0) (amn (44
810 10-C 1+ v9/L LS L 0S/11 6¢ I YIuoul 1Se] Sy} UT SSIU[[T 3N1-0[]
(9t-€ ‘9t-0) (s1 (61)
$L-0 L1 v+ £6/71 6L vl 12/v Ll % YJuoul sef Y} Ul DI0A ISIBOH
(6-S ‘¥0-1) (41) (62)
90-0 6€-C LI+ 06/11 6L 11 N L1 L luowr jse] oY) Ul ayoeIey
(S6v ‘TL0) (on 00
820 681 01+ 8¥/s 9% S 99/¢1 €5 €1 JIUOW Jse[ 3y} Ul JeOIy) 10§
(S9+ “T5-0) s (€2
£p0 $S-1 g+ 101/$1 98 S1 €1/¢ 01 £ qiuow jse[ oY) ul Jurzadym
(FH-11 ‘80-1) ()] (4]
«P0-0 1§-€ 91 + LY/ 44 € L9/S1 49 Sl yiuow Ise[ 2y Ul 9sou Auuns y
(LY ‘€9-0) (an (61)
SH-0 £9-1 8+ v/ 6¢ S 0L/€1 LS €1 Yiuouwr jsef dy) ut y3noo y
(1.0 ‘01-0) Lo ()
«10:0 LT0 0T~ 6v/€1 9¢ ¢l 0L/S $9 S orewr — xag
(091 ‘€2-0) (61) ()
Sp0 19-0 g— oL/€1 LS €1 tr/s 6€ S ¢ 1opun pady
anfea 4 ID %¢s6) Ju2d Jod (24) 2161 s1911IeD SISLLIRD) (%) 211 SIaLLIed SIaLLIR)D) 10301) ysry
st ysu d3eue) -UON adeure) -UON
JANRRY  dQBINQUNY
pasodxoun pasodxq

661 Areniqag ‘Apnis [oOUDS [BINI S3[RAN "S1010B] [£O130[01q pUB [BIIPAW — 3T BIIIELD [BI00203UIUSW 10] $I0108] YSIY '€ dlqBL

https://doi.org/10.1017/50950268800001436 Published online by Cambridge University Press


https://doi.org/10.1017/S0950268800001436

264 A. L. Davies and others

Table 4. Multiple logistic regression — final model. Wales rural school study, February 1995

Standard Odds ratio
Risk factor Coefficient error Z-Score P value (unadjusted)
Age (in years) 077 022 357 0-0004 22 (1-8)
Sex(m=0,f=1) 1-85 0-70 2:67 0-01 64 (43)
Social class (non-manual = 0, 1-78 0-65 274 0-01 59 (3-8)
manual = 1)
Constant —13-78 3-28

3). The median age of meningococcal carriers was
13-5, compared with 13:0 for non-carriers (Mann—
Whitney P value = 0:02).

Multivariate analysis

The main effects model is shown in Table 4. Thus after
adjusting for age, sex and social class, neither personal
smoking, nor regular disco attendance, nor rhinor-
rhoea remained statistically significant at the 0-05
level. The final column in Table 4 gives the odds ratio
for each variable, both before the backward stepwise
regression (unadjusted) and after.

DISCUSSION

In this study, age, sex and social class were in-
dependently related to Neisseria meningitidis carriage.
This agrees with other research, which has found that
carriage rates are maximal in teenagers and young
adults [1, 2, 11, 15]. By contrast, the finding of a
higher rate of carriage in females contradicts a number
of studies which have detected higher rates in males [2,
16, 17]. This could be due to the fact that all three
cases were female. However, only two carriers were
found to have the implicated strain.

Those factors that were statistically significant
during the single variable analysis may help to
determine the mechanisms whereby age, sex and
social class influence meningococcal carriage. For
example, personal and passive smoking have pre-
viously been implicated in meningococcal carriage
[16, 18-21]. Within this study, the personal smoking
variable was found to be statistically significant, thus
possibly explaining the higher carriage rates in older
girls from social classes IV and V. The initial question
on personal smoking, which was phrased as “have you
ever tried a cigarette?’, was thought to act as a proxy
for personal smoking whilst not formally admitting
the habit (despite assurances to the contrary, some
children may have had concerns that the school-
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teachers had access to the questionnaire forms). The
lack of specificity in this question may explain why the
variable dropped out of the final model. The number
and nature of social contacts may have a large impact
on nasopharyngeal carriage [22]. Regular attendance
at a discotheque is a plausible example of this and may
have played a role in this outbreak. Their behaviour is
likely to vary between age groups, sexes and social
class groups.

It has been argued that an upper respiratory tract
infection (URTI) or flu-like illness can increase the
risk of carriage [7, 11, 22-28). This is supported by the
analysis, since all of the respiratory/viral/ENT catego-
ries had higher rates in those exposed, compared to
the non-exposed (with rhinorrhoea being statistically
significant). Unfortunately the summary variable
{(‘any of the above URTI symptoms in the last month’)
may have been too broad, since 102 persons (out of
114) claimed to have had one of the symptoms in the
previous month.

A number of studies have claimed that over-
crowding may be a risk factor for meningococcal
carriage [18, 20]. This study found no evidence for
such an association. However, it may be that a
threshold level exists, such that only extreme over-
crowding influences nasopharyngeal carriage. Also, it
has been claimed that humidity or dust may be a
factor in carriage [20] but, again, no relationship was
detected. Other factors which have been claimed to
increase carriage rates are physical injury, previous
tonsillectomy [29], contact with animals, travel abroad
or a recent stressful life event [20, 21]. They were not
found to be important. For all those variables failing
to achieve significance, it could be argued that the
relative insensitivity of a single throat swab [5, 7]
reduced the investigators’ ability to detect an as-
sociation or that the questions asked were not
sufficiently specific to implicate the variable.

Because there were high levels of concern, the
motivation to participate was good. Consequently,
the questionnaire uptake rate was very high (96 %).
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During a normal school week, the composition of the
classes varied for each subject, thus accounting for the
large number of class contacts in this investigation. At
the time the questionnaire forms were completed, the
respondents were blind to their carrier status thus
minimizing any response bias.

Of the 18 people that carried meningococci, 8
(44%) had non-groupable strains. However, this
should not affect the conclusions since: (i) the aim of
the study was to identify risk factors for the carriage
of all types of meningococci strains, both groupable
and non-groupable, (ii) no significant differences were
observed when risk factors were analysed for group-
able and non-groupable strains separately, albeit
based on small numbers, and (iii} whilst groupable
meningococcal strains are more virulent than non-
groupable strains, the authors are unaware of any
evidence of differences in risk factors for carriage.

The management of more than one case of
meningococcal meningitis in a school setting is often
problematic. However, the swabbing of a large sample
of the school population proved to be useful in the
management of this outbreak. Thus, the extremely
low carriage rate for the implicated epidemic strain
supported the decision not to widely prescribe
chemoprophylaxis. It also corroborated the view that
the school was not the setting for transmission, which
meant that the study on risk factors for carriage
within the school may not necessarily identify the risk
factors for the community outbreak. On the other
hand, many aspects of the questionnaire concentrated
on social and lifestyle factors that were outside of the
school setting. Also, by exploring the risk factors for
meningococcal carriage in general, it provided useful
information for the management of future outbreaks.
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