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Which contacts of patients with meningococcal disease
carry the pathogenic strain of Neisseria meningitidis?
A population based study
Bjørn-Erik Kristiansen, Yngvar Tveten, Andrew Jenkins

Abstract
Objectives: To determine the prevalence of the
pathogenic strain of Neisseria meningitidis in contacts
of patients with meningococcal disease, and to
determine which contact groups are likely to be
carriers and warrant chemoprophylaxis.
Design: Population based study.
Setting: Norwegian county of Telemark.
Subjects: 1535 primary contacts of 48 patients with
meningococcal disease, and 78 secondary contacts.
Interventions: Carriers of the pathogenic strain were
treated with rifampicin. All household members and
kissing contacts under 15 years of age were treated
with oral penicillin. Contacts were taught to recognise
the symptoms of meningococcal disease.
Results: In 27 of 48 cases investigated, contacts
carrying the pathogenic strain of N meningitidis were
found. A total of 42 such contacts were identified.
Contacts were stratified into three classes according to
the assumed closeness of contact with patients. In
class 1 (household members and kissing contacts) the
prevalence of the pathogenic strain was 12.4% (95%
confidence interval 5.5% to 19.3%). In classes 2 and 3
the prevalence was 1.9% (0.9% to 3.4%) and 1.6%
(0.14% to 3.1%).
Conclusions: There is a high rate of carriage of the
pathogenic strain of N meningitidis in patients’
household members and kissing contacts, and this
supports the practice of giving chemoprophylaxis to
these contacts. The prevalence of carriage among
other contacts is 2-3 times that found in the general
population (0.7%); the benefits of chemoprophylaxis
to these contacts may be marginal.

Introduction
Contacts of patients with meningococcal disease have
an increased risk of contracting the disease (relative
risk for household members between 1000 and
4000).1–3 When meningococcal disease occurs, often
carriers of the pathogenic strain of Neisseria meningi-
tidis can be found in the patient’s contacts.4–6 These car-
riers may develop the disease or the bacterium may
spread from person to person eventually causing
disease in someone without apparent link with the first
patient. The frequency of secondary or associated cases

has been reported as 0.5%.7 However, estimates may be
higher if the time interval is extended7 or if epidemio-
logical studies using sensitive identification techniques
for bacterial strains are applied.5 8 9 One study found 22
(9.5%) associated cases among 220 cases of meningo-
coccal disease in Norway during 1994-96 using such
methods.10

To prevent the spread of meningococcal infection,
the World Health Organisation and the health
authorities of most countries recommend that close
contacts should receive chemoprophylaxis to eradicate
the pathogenic strain.11–14 However, it may be difficult to
define who is a close contact, and still more difficult to
define who should be excluded from this definition.
Therefore chemoprophylaxis is often given to more
contacts than is needed.15 In Norway, before 1970,
liberal sulphonamide chemoprophylaxis was practised.
However, the emergence of a virulent clone of N men-
ingitidis that was resistant to sulphonamide16 led the
Norwegian authorities to abandon chemoprophylaxis
for fear of further resistance problems. Instead, house-
hold members under 15 years of age are assumed to
have meningococcal disease and are treated with peni-
cillin orally for 1 week.17

Since November 1987 we have run the Telemark
meningococcal project in which rifampicin prophy-
laxis is targeted to carriers of the pathogenic strains of
N meningitidis identified by DNA fingerprinting of
nasopharyngeal meningococci. Secondary cases have
not been observed.5 We used data from this project to
address the questions: “Who is most likely to carry the
pathogenic strain of N meningitidis after a case of
meningococcal disease?” and “To whom should
chemoprophylaxis be restricted?”

Subjects and methods
The Telemark project
The detailed organisation of this project has been
described previously.5 After isolation of meningococci
from a patient specimen the local health officer is
alerted, who then collects throat samples from
members of the patient’s household before initiating
penicillin treatment to those under 15 years of age.17

Parents accompanying the patient to hospital are often
sampled by the hospital staff.
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Based on information from people who know the
patient a list of close contacts is drawn up; throat sam-
ples are collected from these contacts on the same or
next day. Simultaneously, the local community is
informed about the disease in open meetings. When a
pathogenic strain is found, rifampicin prophylaxis
(600 mg twice daily for two days; children < 12 years of
age 10 mg/kg) is given and throat samples collected
from the contact’s household and kissing contacts (sec-
ondary contacts).

For each contact a standard questionnaire is
completed for personal data, type of contact with the
patient, and symptoms of respiratory disease.

Collection of throat samples—Both tonsils and the
posterior pharyngeal surface were sampled with a cot-
ton swab, plated immediately on GC agar base (Mast
Diagnostics, Merseyside, UK) supplemented with
haematin, 1% IsoVitalex (BBL, Cockeysville, MD,USA),
vancomycin (3 mg/l), and colistin (7.5 mg/l), and incu-
bated at 37°C in 10% carbon dioxide within two hours
of sampling. Wherever possible, sampling was done by
two of the authors (BK and YT).

Identification of the pathogenic strain—Contacts
carrying a meningococcus with a chromosomal DNA
fingerprint identical to that of the patient isolate were
identified as previously described18 and were defined as
carrying the pathogenic strain (fig).

Statistical methods
Confidence intervals for the prevalence of the
pathogenic strain were calculated as follows:

The parameter of interest is the probability, p, of
carrying the pathogenic strain.

m is the number of patients diagnosed. Assume
that patient i has nij contacts in class j, and that each of
them has probability pij of carrying a pathogenic strain.
The number, Xij, of the nij contacts carrying the patho-
genic strain is a binomial (nijpij; i = 1,2,...m; j = I, II, III).

Then pj, the probability of carriage for each of the
three contact classes, is estimated by the weighted aver-
age of the pij’s:

p̂ j = Ó
m

t=1
Xij/Ó

m

t=1
nij; j = I,II,III (1)

which has a statistical mean pj and a statistical variance
estimated by

1
N

2
j
Ó
m

t=1
nij p̂ ij (1−p̂ ij) (2)

Since the nij’s and Xij’s are small, the p̂ij’s are estimated
by

p̂ i j = Xij + 1
nij + 2

; i=1 . . . m, j=I,II,III

Thus an approximate 95% confidence interval for pj is
given by

CI0.95 = p̂ j ±1.96 1
Nj

[Ó
m

t=1
nij p̂ ij (1−p̂ ij)]1⁄2 (3)

Results
Disease characteristics—From 1 November 1987 to

1 December 1996 there were 48 cases (cases 3-50) of
meningococcal disease in the county of Telemark, Nor-
way, verified bacteriologically (table 1). Thirty isolates
were serogroup B, 14 were serogroup C, three were
serogroup Y, and one was serogroup W135. Twenty
four of the patients were under 4 years of age. The
remaining cases were distributed in the age groups
5-12 years (six cases), 13-18 years (nine), 19-60 years
(five), and > 60 years (four).

Classification of contacts into groups and classes—We
collected throat specimens from 1535 close contacts
(primary contacts) of the patients, and from 78 second-
ary contacts who were household members or kissing

Chromosomal DNA fingerprints of meningococcal isolates from
patient (lane 3) and contacts (lanes 1, 2, and 4-8 ). The size marker
(lane 9) is a PstI digest of lambda DNA (sizes in kb). Isolate from
patient’s kissing contact (lane 4) identical with that of patient

Table 1 Details of 48 patients who presented with meningococcal disease in Telemark,
Norway from 1 November 1987 to 1 December 1996

Age (years)

Serogroup No of
patients

No of patients with contacts
carrying pathogenic strainB C Y W135

0-4 16 8 — — 24 14

5-12 4 1 1 — 6 5

13-18 3 4 2 — 9 5

19-60 5 — — — 5 1

>60 2 1 — 1 4 2

Total 30 14 3 1 48 27

Table 2 Bacteriological findings in class 1 contacts (household members and kissing
contacts)

Group Contact Total No No (%) of carriers
No (%) of carriers with

pathogenic strain

1 Father 37 9 (24) 5 (14)

2 Mother 37 9 (24) 6 (16)

3 Sister 21 2 (10) 1 (5)

4 Brother 29 6 (21) 4 (14)

5 Kissing 3 1 (33) 1 (33)

6 Others 18 9 (50) 1 (6)

All groups — 145 36 (25) 18 (12)

Table 3 Bacteriological findings in class 2 contacts

Group Contacts Total No
No (%) of
carriers

No (%) of carriers with
pathogenic strain

7 Grandparents 41 6 (15) 2 (5)

8 Others* 37 5 (14) 0

9 Playmates, close friends 249 50 (20) 5 (2)

10 Nursery employees 60 5 (9) 1 (2)

11 Childminders, babysitters, home helps 5 2 (40) 1 (20)

12 Other family† 184 37 (20) 2 (1)

Total 576 105 (18.2) 11 (1.9)

*Playmates’ family and childminders’ children.
†Parents, children, and siblings outside the patient’s household, and cousins, fathers in law, mothers in law,
sons in law, and daughters in law.
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contacts of primary contacts found to carry the patho-
genic strain. All contacts approached consented to
sampling. The primary contacts were divided into 16
contact groups and further organised into three classes
according to the degree of contact with the patient
(tables 2 to 4). Class 1 consists of household members
and kissing contacts, the groups of contacts assumed to
have the closest contact with the patient. Class 2
contacts are considered to have closer contact with the
patient than class 3 contacts. Secondary contacts were
placed in a separate group, group 18 (table 5).

Carrier rate—Among 1535 primary contacts, 234
meningococcal carriers were found. Of these, 42
carried the pathogenic strain. Thirty six of the 145 class
1 contacts carried meningococci. The pathogenic
strain was found in 18 (12.4%: 95% confidence interval
5.5% to 19.3%) of these contacts: 6/37 (16.2%)
mothers, 5/37 (13.5%) fathers, 4/29 (13.8%) brothers,
1/21 (4.8%) sisters, 1/18 (5.5%) other household
members, and 1/3 (33.3%) kissing contacts. Of 576
class 2 contacts, 105 (18.2%) carried meningococci.
The pathogenic strain was found in 11 (1.9%: 0.9% to
3.4%). Of 814 class 3 contacts, 93 (11.4%) carried
meningococci. The pathogenic strain was found in 13
(1.6%: 0.14% to 3.1%) of these contacts. Of 78 second-
ary contacts, 20 (25.6%) carried meningococci. The
pathogenic strain was found in four (5.1%) of these
contacts.
The pathogenic strain was found in the primary
contacts of 27 of the 48 patients, the number of carri-
ers varying between 1 and 6 (table 5). The pathogenic
strain was found more often in contacts in the 5-12
years age group than in the other age groups (table 1).

Discussion
In most countries the use of chemoprophylaxis is rec-
ommended to prevent secondary disease in close con-
tacts of patients with meningococcal disease.11–14 In a
few other countries, including Norway, chemoprophy-
laxis is not recommended, but household members
under 15 years of age are treated with penicillin
orally.17 Neither approach has been evaluated in
controlled studies.

When a case of meningococcal disease occurs,
many people may fulfill accepted criteria for receiving
chemoprophylaxis,11–14 and chemoprophylaxis may be
prescribed in excess of what is needed.14 High
consumption of chemoprophylactic agents may select
bacterial resistance, which in meningococci may be
associated with virulence.19 Chemoprophylactic agents
may also kill non-virulent meningococci and other
bacteria that stimulate an immune response against
the meningococci.20 Chemoprophylaxis should there-
fore be restricted to those who are likely to carry the
pathogenic strain.

Our study shows that only 42 (2.7%) of 1535 close
contacts carried the pathogenic strain of N meningitidis.
General use of chemoprophylaxis in all these contacts
therefore seems excessive. Sensitive and rapid tech-
niques for identification of the pathogenic strain8 9

allow targeting of chemoprophylaxis to carriers, but
have not yet been widely applied as most laboratories
lack the technology and resources to perform these
tests. In most cases, therefore, the decision of whether

to give chemoprophylaxis must be made on the basis
of closeness of contact with the patient.

Our study shows that the risk of carriage of the
pathogenic strain is highest (12.4%, 95% confidence
interval 5.5% to 19.3%) in household members and

Table 4 Bacteriological findings in class 3 contacts

Group Contacts Total No No (%) of carriers
No (%) of carriers with

pathogenic strain

13 Classmates 286 51 (18) 4 (1)

14 Children at same nursery 220 9 (4) 2 (1)

15 Teachers 44 2 (5) 0

16 Others* 264 31 (12) 7 (3)

All groups — 814 93 (11.4) 13 (1.6)

*Neighbours, pupils at same school but not in patient’s class, nurses, and doctors. Contacts sampled only
when they had been in close contact with patient during past two weeks before patient became ill.

Table 5 Contacts carrying pathogenic strain. Age in years unless stated otherwise

Outbreak No
Sex (age) of

patient Serogroup

Contacts carrying pathogenic strain

Relation to patient (sex) Age
Contact
group

03 Male (5) B Employee daycare centre (male) 26 10

Mother 35 2

04 Female (11) B Father 35 1

05 Male (2) B Brother 6 months 4

Mother 25 2

09 Female (3) C Neighbour (female) 12 16

Playmate (male) 4 16

Playmate (male) 4 16

Neighbour (female) 1 16

Neighbour (female) 2 16

Neighbour (male) 16 16

12 Male (5 months) B Father 28 1

13 Male (4) B Brother 16 4

Mother 37 2

14 Male (11) Y Playmate (male) 10 9

Neighbour (male) 7 16

17 Female (18) C Friend (male) 19 9

Classmate (male) 19 13

18 Male (1) C Mother 34 2

Brother 4 4

Home help (female) 23 11

20 Female (77) W135 Daughter 45 12

21 Male (39) B Kissing contact (male) 44 6

22 Male (17) B Classmate (male) 13 13

25 Female (8
months)

B Childminder (male) 24 11

Secondary contact (female) 25 18

26 Male (1) B Grandmother 41 7

27 Male (18) C Friend (male) 18 9

29 Male (2) B Father 48 1

30 Male (18) B Best friend (male) 20 9

36 Female (1) B Grandmother 56 7

38 Male (16) Y Classmate 1 (male) 16 13

Classmate 2 (male) 16 13

Kissing contact of 1 (female) 15 18

Kissing contact of 2 (female) 15 18

39 Male (5 months) B Father 24 1

41 Male (1) B Father 28 1

43 Male (4) C Mother 36 2

44 Male (3) B Brother 8 4

Uncle 35 12

46 Male (11) B Best friend (male) 8 9

47 Male (15) B Kissing contact (female) 14 5

48 Male (4) B Mother 35 2

Sister 6 3

50 Female (6) B Child 1 (male) 6 14

Brother of child 1 10 18
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kissing contacts. Household members have a high rela-
tive risk of meningococcal disease (1000-40001–3) and
the use of chemoprophylaxis in this group therefore
seems well justified. Contacts outside this group, most
of whom qualified for chemoprophylaxis according to
accepted criteria,11–14 had a considerably lower preva-
lence of carriage of the pathogenic strain (class 2, 1.9%,
0.9% to 3.4%; class 3, 1.6%, 0.14% to 3.1%). This is
higher than the 0.7% prevalence in the general popu-
lation, during periods of low disease incidence,18 21 but
not dramatically so. Should these contacts receive che-
moprophylaxis? Our results do not support this
practice. However, the relative risk of meningococcal
disease is over 1000 for household members, although
our results indicate that the carriage rate (12.4%) is
only 18 times higher than that found in the general
population (0.7%) in other studies. The relative risk of
meningococcal disease is therefore not a simple
function of the prevalence of the pathogenic strain.
Another way to view the problem would be to ask
whether the prevalence of the pathogenic strain
approaches that needed to initiate epidemic disease. It
has been suggested that a high rate of carriage is a pre-
requisite for epidemic disease,22 but the threshold is not
known, and in any case the prevalence will vary from
case to case. We therefore feel that the choice of
whether to give chemoprophylaxis to contacts outside
the patient’s household and kissing contacts should be
made on an individual basis, taking into account: other
cases in the vicinity or other reasons to suspect an out-
break in the community; a high incidence of influenza
or other respiratory infection that may predispose
contacts to meningococcal disease and mask the
symptoms of early infection; and other predisposing
factors. If, however, an isolated case occurs in an other-
wise healthy community, we believe that a conservative
approach to chemoprophylaxis is justified.

Our study illustrates the need for better under-
standing of the relation between carrier rate and risk of
secondary disease. A controlled study comparing
different chemoprophylaxis strategies would in our
view be of considerable help. The following strategies
should be considered: (a) chemoprophylaxis according
to standard recommendations, (b) chemoprophylaxis
given only to household members and kissing contacts,
and (c) chemoprophylaxis given to household mem-
bers, kissing contacts, and other close contacts who are
found to carry the pathogenic strain. Cost benefit
analysis and studies of the prevalence of the
pathogenic strain would enhance the value of such a
study.

It has been argued that throat swabbing underesti-
mates the true rate of meningococcal carriage.23 Low
levels of bacteria in the sample, loss of viability under
transport, and variable sampling techniques can all
influence the measured carrier rate, but sampling and
transport are probably the more important factors.24

We have addressed this problem by attempting to con-
fine sampling to two well trained members of our staff,
by plating samples directly after collection, and by
sampling the throat, which has been reported to have
100% sensitivity relative to other sampling sites.25 A
minority of the samples were collected by hospital and
clinic staff and transported before plating. These are
almost exclusively samples collected from members of
the patient’s household—that is, the group where we

found the highest rates of carriage. Serious underesti-
mation of carriage might be expected to lead to
secondary cases among the contacts we sampled. None
of the 1535 primary and 78 secondary contacts
contracted meningococcal disease. We therefore do
not think that sampling problems seriously affect this
study.
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Effect of preventive treatment for tuberculosis in adults
infected with HIV: systematic review of randomised
placebo controlled trials
David Wilkinson, S B Squire, Paul Garner

Abstract
Objective: To determine whether preventive
treatment for tuberculosis in adults infected with HIV
reduces the frequency of tuberculosis and overall
mortality.
Design: Systematic review and data synthesis of
randomised placebo controlled trials.
Main outcome measures: Active tuberculosis,
mortality, and adverse drug reaction requiring
cessation of the study regimen. Outcomes stratified by
status of purified protein derivative skin test.
Results: Four trials comprising 4055 adults from
Haiti, Kenya, the United States, and Uganda were
included. All compared isoniazid (6-12 months) with
placebo, and one trial also compared multidrug
treatment for 3 months with placebo. Mean follow up
was 15-33 months. Overall, frequency of tuberculosis
(relative risk 0.57, 95% confidence interval 0.41 to
0.79) was reduced in those receiving preventive
treatment compared with placebo: mortality was not
significantly reduced (0.93, 0.83 to 1.05). In subjects
positive for purified protein derivative receiving
preventive treatment, the risk of tuberculosis was
reduced substantially (0.32, 0.19 to 0.51) and the risk
of death was reduced moderately (0.73, 0.57 to 0.95)
compared with those taking placebo. In adults
negative for purified protein derivative receiving
preventive treatment, the risk of tuberculosis (0.82,
0.50 to 1.36) and the risk of death (1.02, 0.89 to 1.17)
were not reduced significantly. Adverse drug reactions
were more frequent, but not significantly so, in
patients receiving drug compared with placebo (1.45,
0.98 to 2.14).
Conclusions: Preventive treatment given for 3-12
months protects against tuberculosis in adults infected
with HIV, at least in the short to medium term.
Protection is greatest in subjects positive for purified
protein derivative, in whom death is also less frequent.
Long term benefits remain to be shown.

Introduction
Strategies to control tuberculosis comprise case treat-
ment, preventive treatment, and vaccination with BCG,
with the expectation that improved socioeconomic con-
ditions will lead to a decline in disease incidence.1 2 Pre-
ventive treatment aims to eradicate latent infection with
Mycobacterium tuberculosis before active disease develops.
Latent infection is shown by a positive reaction to intra-
dermal injection with purified protein derivative (tuber-
culin skin test). Trials in people with tuberculosis
infection but not infected with HIV have shown that iso-
niazid given for 6-12 months substantially reduces the
incidence of active tuberculosis.3

Infection with HIV has changed the natural history
of infection with M tuberculosis.4 People who are
infected with HIV and who have a positive tuberculin
skin test have a 30% or more lifetime risk of developing
active tuberculosis,5 and tuberculosis is the most
common HIV related disease in developing coun-
tries.1 4 Thus, preventive treatment may be an
important intervention to reduce the burden of tuber-
culosis in people infected with HIV, and their contacts,
but its efficacy cannot simply be extrapolated from
studies in people not infected with HIV.

As several fairly small trials have been done, we
conducted this systematic review to summarise the evi-
dence available to date as to whether preventive treat-
ment for tuberculosis is effective in reducing the
incidence of active tuberculosis and of death.

Subjects and methods
Criteria for selecting studies for review
We included only randomised controlled trials that
compared drug regimens aimed at preventing tubercu-
losis with placebo. Trials were considered irrespective of
setting or target group, and we included all different
drug regimens tested. Preventive treatment was defined
as tuberculosis chemotherapy given to people who have
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