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Household crowding a major risk factor for
epidemic meningococcal disease in Auckland

children
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Background. New Zealand is in its ninth year
of a serogroup B meningococcal disease epi-
demic with annual rates of up to 16.9 cases per
100 000. The highest incidence is in Maori and
Pacific Island children in the Auckland region.
We conducted a case-control study to identify
potentially modifiable visk factors for this dis-
ease.

Methods. A case-control study of 202 cases of
confirmed and probable meningococcal disease
in Auckland children younger than 8 years of age
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recruited from May, 1997, to March, 1999, was
undertaken. Controls (313) were recruited door-
to-door by a cluster sampling method based on
starting points randomly distributed in the
Auckland region. They were frequency matched
with the expected distribution of age and ethnic-
ity in the meningococcal disease cases.

Results. With the use of a multivariate model
and controlling for age, ethnicity, season and
socioeconomic factors, risk of disease was
strongly associated with overcrowding as mea-
sured by the number of adolescent and adult (10
years or older) household members per room
[odds ratio (OR), 10.7; 95% confidence interval
(CD), 3.9 to 29.5]. This would result in a doubling
of risk with the addition of 2 adolescents or
adults to a 6-room house. Risk of disease was also
associated with analgesic use by the child, which
was thought to be a marker of recent illness (OR
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24, CI 1.5 to 4.0); number of days at substantial
social gatherings (10 or more people for > 4h; OR
1.8, CI 1.2 to 2.6); number of smokers in the
household (OR 1.4, CI11.0 to 1.8); sharing an item
of food, drink or a pacifier (OR 1.6, CI 1.0 to 2.7);
and preceding symptoms of a respiratory infec-
tion (cough, “cold or flu,” runny nose, sneezing)
in a household member (OR 1.5, CI 1.0 to 2.5).

Conclusion. Some of these identified risk fac-
tors for meningococcal disease are modifiable.
Measures to reduce overcrowding could have a
marked effect on reducing the incidence of this
disease in Auckland children.

INTRODUCTION

Meningococcal disease is caused by infection with
Neisseria meningitidis. Although nasopharyngeal car-
riage with N. meningitidis is relatively common, inva-
sive disease is rare. The events that cause meningococ-
cal disease and epidemics are poorly understood but
are thought to include a combination of organism, host
and environmental factors.

New Zealand is in the ninth year of a serogroup B
meningococcal disease epidemic.® The incidence of
disease has risen from 53 cases (1.5 per 100 000) in
1990 to a peak of 613 cases (16.9 per 100 000) in 1997.
The epidemic has increasingly been dominated by a
single serogroup B strain, B:4:P1.784 of lineage IIL
Serogroup B epidemics typically begin slowly, usually
reach annual rates of 5 to 20 cases per 100 000 popu-
lation and may persist for 5 to 10 years or longer.* A
similar epidemic in Norway lasted 10 to 15 years.’
Given the potentially prolonged duration of the epi-
demic and the current lack of a vaccine against group B
disease, it was decided to undertake an investigation to
identify potentially modifiable risk factors for the dis-
ease.

A disproportionately large number of meningococcal
disease cases have been seen in Maori and Pacific
Island children in the Auckland region. The city has a
population of 1.1 million, of which 8% are children
younger than 5 years of age. In this age group Maori
make up 21%, Pacific Island children 19% and “others”
(predominantly of European ancestry) 60%. In 1997
the rates of meningococcal disease in Auckland chil-
dren younger than 5 years of age were 300 per 100 000
for Maori, 684 per 100 000 for Pacific Island children
and 50 per 100000 for others. In South Auckland
annual disease rates have reached as high as 1521
cases per 100 000 for Pacific Island children younger
than 1 year of age. The investigation therefore focused
on identifying potentially modifiable risk factors for
meningococecal disease in Auckland children.

METHODS
The investigation method was a prospective case-
control study of meningococcal disease, using commu-
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nity controls. The method, including the control selec-
tion procedure and the questionnaire, was pilot tested
during April and May, 1996.

Cases. The study was restricted to children younger
than 8 years of age because they accounted for two-
thirds of cases, and disease rates fell markedly among
those older than 7 years of age.

The study included both laboratory-confirmed and
non-laboratory-confirmed cases that met the definition
for a probable case. Probable cases were included
because prehospital antibiotic use is being actively
promoted to improve disease outcome and is known to
reduce the probability of isolating organisms from
cases at the time of admission to hospital.® Because the
use of prehospital antibiotics could differ in different
sections of the community, a bias could have been
introduced by restricting the study to laboratory con-
firmed cases.

Laboratory confirmation criteria were culture of N.
meningitidis from blood, cerebrospinal fluid (CSF) or
other sterile site; identification by PCR of N. meningi-
tidis DNA in blood or CSF; or demonstration of Gram-
negative diplococci in CSF or blood. Criteria for prob-
able cases were either septicemia or meningitis, as well
as a petechial or purpuric rash on the trunk or at least
two other regions. The criteria for septicemia included
at least two of the following: fever; fnnhyngr ne

t least ¢ f the f ing: tachycardia; one
sign of shock (e.g. hypotension, hypothermia or reduced
peripheral circulation); coagulopathy; decreased level
of consciousness; or failure to feed in children younger
than 1 year. Tachycardia and hypotension were mea-
sured against age related normal ranges. The criteria
for meningitis included fever and at least one of the
following: neck stiffness; positive Kernig’s sign; bulging
fontanel; or CSF findings consistent with bacterial
meningitis (raised white blood cell count, elevated
protein and decreased glucose measured against nor-
mal ranges used at the admitting hospitals). The hos-
pital records of all probable cases were subsequently
reviewed by the study pediatrician, with further inde-
pendent external review of a subset by two senior
pediatricians. A decision tree was used to methodically
score the probable cases against a range of criteria, and
they were retained in the study only if the discharge
diagnosis and treatment were also consistent with
meningococcal disease.

Medical practitioners are legally required to notify
meningococcal disease to the local Medical Officer of
Health. Laboratory data on confirmed cases are rou-
tinely matched with notification data so that reporting
of confirmed cases is complete. Reporting for probable
cases is believed to be near complete because of the
high levels of professional awareness during the cur-
rent epidemic and the requirement for the Medical
Officer of Health to provide chemoprophylaxis for close
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contacts. The study aimed to recruit all laboratory-
confirmed and probable cases of meningococeal disease
in children younger than 8 years of age residing in the
Auckland urban area during the study period of May,
1997, to March, 1999.

Controls. Controls were recruited door-to-door by
cluster sampling. The primary sampling unit was a
meshblock which in urban areas usually occupies a city
block and contains ~120 people. Meshblocks were
selected in such a way that the probability that a
particular meshblock was included was proportional to
the number of households in that meshblock. A start-
ing point was randomly selected within each mesh-
block

Control recruiters visited 20 successive households,
beginning from the designated starting point, and
recruited as potential controls all children <8 years of
age identified in the visited households. Households in
which no one was at home were visited again. At least
2 subsequent visits were carried out before the attempt
was abandoned. All of the return visits had to be on a
different day and time, and at least one of the three
visits had to be during a weekend.

From these potential controls the study controls
were selected based on age and ethnicity, given that
these are well-established risk factors for meningococ-
cal disease® 3 This selection was achieved by assigning
each recruited potential control a probability for inclu-
sion in the study that would result in a group of study
controls of an age and ethnic distribution similar to
those expected in the cases. These probabilities were
calculated from the age and ethnic distribution of
meningococcal disease cases that had occurred in the
Auckland region during the 1992 to 1996 period and
the distribution of the Auckland population in the 1996
census. Four age groups (<1, 1to 2,3 to 4,5 to 7) and
three ethnic groups (Maori, Pacific Island, other) were
used. Probabilities ranged from 0.7 for a Pacific Island
child younger than 1 year of age to 0.04 for a child age
5 to 7 years of other than Maori or Pacific Island
ethnicity. Control recruitment was conducted on a
continuous basis so as to provide controls for interview
at about the same rate as cases were occurring in the
study population

Questionnaire. The questionnaire was developed
after a review of the literature on known and suspected
risk factors for meningococcal disease and wide consul-
tation. It was pilot tested during April and May, 1996.

The questionnaire recorded demographic details
and, for cases, details of the child’s illness symptoms
and time of onset. It also recorded, for both cases and
controls, a range of exposures focused on those that
occurred during the 2 weeks before hospitalization for
cases or date of recruitment for controls. The exposures
covered were symptoms of respiratory infection in the

THE PEDIATRIC INFECTIOUS DISEASE JOURNAL 985

child or family member; medicine use; “bumps or
knocks” to face or nose; sharing an item of food, drink,
or pacifier; measures of crowding [based on household
membership, split into children (younger than 10 years
of age) and adolescents and adults (10 years of age or
older) and number of rooms in the house]; attendance
at preschool, school and social gatherings; travel by
public transport; bed sharing; passive tobacco smoke
exposure; respondent’s assessment of dampness of
house and condensation, mold or mildew in child’s
bedroom (supported by showing interview subjects
photos of window condensation and mildew on walls);
ventilation of bedroom; home heating; exposure to
fumes from indoor combustion; dust exposure; and
exposure to animals. For the questions on recent illness
and medicine use by cases, the interview subject was
specifically asked to exclude the period after onset of
the first symptom of meningococcal disease. Some
exposures were also recorded on a daily basis, allowing
them to be subsequently analyzed according to whether
they occurred during the incubation peried for menin-
gococcal disease (taken to be 8 to 9 days for this study).

The questionnaire also asked about longer term host
and environmental factors, including operation to re-
move tonsils or adenoids; general health of child; anti-
biotic use and utilization of health care services in the
preceding 12 months; duration of breast-feeding (exclu-
sively and partially); number of different households in
which child currently lives and number of changes of
address over the preceding 12 months; and socioeco-
nomic status (home, telephone and motor vehicle own-
ership, parental education, parental employment sta-
tus, household income, possession of a Community
Services Card which is issued to adults on a low
income).

The questionnaire was administered to the parents
or primary caregivers of the cases and controls after
written informed consent. The interview had to take
place within 14 days of the patient’s being hospitalized
with meningococcal disease or recruitment of the con-
trol. To assist recall a calendar was used to clearly
identify the exposure period of interest.

Statistical analysis. The statistical package
SUDAAN® was used to allow for the cluster effect
caused by the method of control selection. Risk factors
were assessed by logistic regression with the outcome
of case or control and a base model of variables used in
the design of the study and socioeconomic measures as
explanatory variables. Factors of interest were added
to this base model. The base model included variables
for the age and ethnic group used as strata, year and
month of interview, age nested within age group,
possession of a Community Services Card and tertiary
education of a parent. Variables from each section of
the questionnaire were then added to the base model
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individually. This allowed us to see which of the several
closely related measures in a section appeared to best
explain the risk of developing meningococcal disease.
Any likely confounders were also included. The best
variable from each group of questions that showed
some indication of a relationship with disease was then
selected and incorporated into a multivariate model.
0Odds ratios and 95% confidence intervals were calcu-
lated for each of these variables.

RESULTS

Study participants. Characteristics of cases and
controls are shown in Table 1.

Of 386 meningococcal disease cases notified in Auck-
land children < 8 years of age during May, 1997, to
March, 1999, 159 were laboratory-confirmed and 227
were non-laboratory-confirmed. Of the non-laboratory-
confirmed cases, 125 meet the definition for a probable
case based on clinical information available around the
time of hospitalization. This meant that 284 notified
cases in total were recruited to the study. Of these, 243
(86%) were successfully interviewed within 14 days of
hospitalization, of whom 134 were laboratory-
confirmed and 109 were probable cases. However, 41 of
the probable cases were subsequently discarded from
the study because they failed to meet the more rigorous
case definition applied at chart review. This process
left 202 cases in the study, of whom 134 (66%) were
laboratory-confirmed and 68 (84%) were probable
cases.

A total of 9309 houses were visited as part of the
control recruitment process. In 8460 (91%) of these
adult household member was at home who agreed to
discuss the study. Of these, 2010 (24%) households had
eligible children and 1759 (86%) agreed to participate.
These 1759 households yielded 2759 children as poten-
tial controls. From this group 374 were randomly
selected for interview, using the process described in
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Methods, and 313 (84%) were successfully interviewed
within 14 days of being recruited.

Analysis of risk factors. Independent risk factors
for meningococcal disease are shown in Table 2 and
described in more detail below.

Household density. The strongest independent risk
factor for development of meningococcal disease in this
population was the number of adolescents and adults
usually living in the house per room. The number of
rooms included the kitchen, dining room, living room/s,
bedrooms and sleeping areas in “caravans” (camper
vans), “sleep-outs” (sheds) and garages. The median
number of rooms per household in both cases and
controls was 6 with a range of 2 to 11. The number of
adolescents and adults ranged from 1 to 10 for the
controls with a median of 3, whereas in cases it ranged
from 1 to 12 with a median of 4. Adolescent and adult
density was treated as a continuous variable with a
median of 0.43 adolescents and adults per room for
controls (range, 0.13 to 1.43) and a median of 0.6
(range, 0.17 to 1.75) for cases. When categorized this
variable did not show any threshold effect. Several
other measures of household density were also associ-
ated with an increased risk of disease in the individual
analyses but were less important. These measures
included the number of adolescents and adults per
bedroom, total number of people per room, total num-
ber of people per bedroom, proportion of household who
were adolescents and adults, number of household
members, number of adolescents and adults and use of
a “sleep-out” or “caravan.” Acute measures of house-
hold density referred to the incubation period and
included the total number of person nights, total num-
ber of adolescent and adult person nights, maximum
number on any one night and maximum adolescents
and adults on any one night.

Recent illness and general health status. Evidence of
a respiratory infection in the child or their household

TABLE 1. Characteristics of study participants

Cases Controls
Characteristic Variable

No % No %

Age 0-1yr 55 27 85 21
1-2yr 63 31 85 27

3-4yr 46 23 83 26

5-7yr 38 19 80 26

Sex Male 114 56 167 53
Female 88 44 146 47

Ethnicity Maori 71 35 61 19
Pacific Island 106 52 178 57

Other 25 12 7 24

Season Summer (January-March) 28 14 59 19
Autumn (April-June) 40 20 57 18

Winter (July—September) 88 44 135 43

Spring (October-December) 46 23 62 20

Community Services Card Yes 150 74 182 58
No 52 26 131 42

Tertiary education of either parent Yes 44 22 127 41
No 158 78 186 59
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TABLE 2. Independent risk factors for meningococcal disease in Auckland children: frequencies and odds ratios

Individual Analyses* Combined Analysist

Risk Factor Case Control

Odds ratio Pi Odds ratio Pi
No. of adult and adolescent household members/room Median, 0.60  Median, 0.43 14.8(5.5,37.1)% <0.0001 10.7(3.9,28.5) <0.0001
Analgesic use by child 46% 23% 2.9 (1.8,4.5) <0.0001  2.4(1.5,4.0) 0.0006
No. of days of attendance at substantial social gatherings 1 or more, 20% 1 or more, 13% 1.7(1.2,2.6) 0.005 1.8(1.2,2.6) 0.002
No. of smokers in usual household 1 or more, 67% 1 or more, 52% 1.6 (1.3,2.0) 0.0001 1.4(1.0,1.8) 0.03
Sharing an item of food, drink or pacifier 71% 59% 2.1(1.3,3.4) 0.004 1.6 (1.0,2.7) 0.07
Symptoms of respiratory infection in a household member  73% 59% 2.0 (1.3,3.1) 0.001 1.5 (1.0,2.5) 0.08
Bed sharing 2% 49% 2.4 (1.6,3.7) 0.0001  1.5(0.9,2.5) 0.11
Symptoms of respiratory infection in child 29% 18% 2.0(1.2,3.2) 0.008 1.3(0.8,2.4) 0.33

* Base model (includes variables for age group, ethnic group, year and month of interview, possession of a Community Services Card and tertiary education of a parent) plus

individual variable.
t Base model plus all variables given in table.
% Probabilities calculated for Satterthwaite chi square.
§ Numbers in parentheses, 95% confidence intervals.

and the use of analgesics were associated with disease.
Household respiratory infection was defined as a mem-
ber of the household, other than the case or control,
having at least one of the following symptoms in the
past 2 weeks: cough; “cold or flu”; runny nose; or
sneezing. Individual respiratory infection was defined
as four or more of the following symptoms in the past 2
weeks: “cold or flu”; runny nose; sneezing; sore throat;
or ear ache. Analgesic use was defined as analgesics
taken in the past 2 weeks, excluding, for cases, those
taken for identified early symptoms of meningococeal
disease. These analgesics were predominantly acet-
aminophen products. Individual respiratory infection
and analgesics were correlated, so it is possible that
they were both measuring the same illness in the child.
Because analgesics showed a stronger relationship
with meningococeal disease, the use of analgesics may
be a better measure of more severe illness than re-
ported individual symptoms. Individual respiratory
infection also interacted with bed sharing (Table 3).
Several other measures of recent illness were also
associated with meningococcal disease in the individ-
ual analyses but were less important. These measures
included sore throat, antibiotic use in the previous 14
days and number of visits to doctor/s within the last 12
months.

Social gatherings. The number of days of attendance
at substantial social gatherings (10 or more people for
>4 h per day) during the incubation period was asso-
ciated with disease. Such gatherings excluded pre-
school and school attendance. Several other measures

TABLE 3. Relationship of bed-sharing and respiratory
infection in meningococecal cases and controls

With Respiratory Without Respiratory
Infection Infection
Bed No bed Bed No bed
sharing sharing sharing sharing

No. % No. % No. % No. %

Case 46 67% 12 27% 100  43% 44 26%
Control 23 33% 32 73% 130  &7% 128 74%

of social gathering during the incubation period were
also associated with an increased risk of disease in the
individual analyses but were less important. These
measures included attendance at any social gathering
of 10 or more people, total number of hours at social
gatherings and number of attendances at substantial
social gatherings

Passive smoking. The number of smokers in the
household was associated with disease. Having one or
more smokers who were reported to smoke in the same
room as the case was associated with an increased risk
of disease in the individual analyses but was less
important than the number of smokers in the house-
hold.

Sharing food, drink, pacifier. Sharing an item of
food, drink or pacifier within the previous 2 weeks was
associated with disease. Sharing an item of food and
drink was defined as sharing a drink from a glass, cup,
bottle or can that was being used by someone else or
sharing an item of food that was partially eaten by
someone else.

Bed sharing. Sharing a bed in the past 2 weeks was
associated with disease. This question was recorded as
“yes” if it occurred at least half the night. Sharing any
time in the last 2 weeks was more important than
regular bed sharing, although both were associated
with disease.

The following exposures did not emerge as important
in the model: medical history of asthma or otitis media;
removal of tonsils and adenoids; amount of antibiotic
use in the past year; duration of exclusive or any
breast-feeding; travel by public transport; number of
different households currently lived in; number of
changes of address in previous year; and exposure to
pets or dust.

Results from combined model. Table 2 shows the
results of the logistic regression which combined the
base model and the variables adolescent and adult
density; analgesic use by the child; number of days of
attendance at substantial social gatherings; number of
smokers in the household; sharing an item of food,
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drink or pacifier; symptoms of respiratory infection in a
household member; bed sharing; and symptoms of
respiratory infection in the subject. The individual
results for these variables when they were included
with the base model are also shown.

In the combined analysis adolescent and adult den-
sity remained as the variable showing the strongest
association with the chance of becoming a case with an
odds ratio of 10.7. This would mean that if a family
living in an average size house of six rooms increased
the number of adolescents or adults by one there would
be a 50% increase in risk of meningococcal disease for
a child living in the same household. If they increased
the number by two adolescents or adults there would
be a doubling of risk, by four adolescents or adults a
5-fold increase in risk and by six a 10.7-fold increase. If
the house had only four rooms then there would be
almost a doubling of risk with the addition of just one
extra adolescent or adult.

Analgesic use and attending substantial social gath-
erings were also still strongly associated with the risk
of contracting the disease. Living in a household with
higher numbers of smokers was also associated with a
higher risk. Although the odds ratios for sharing an
item of food, drink or pacifier and household respira-
tory infection was reduced in the combined analysis,
there was still an indication that these factors were
associated with an elevated risk of disease.

There was a reduction in the odds ratio for bed
sharing and individual respiratory infection when in-
cluded in the combined analysis. This was partly a
result of the correlation of respiratory infection with
analgesic use and bed sharing with the density of
adolescent and adult household members and number
of days at substantial social gatherings. However,
there was an interaction of bed sharing with respira-
tory infection (P = 0.01) when this interaction was
included in the combined model (Table 3). There was
an elevated risk of disease in those who shared a bed
and also had a respiratory infection (P = 0.05, OR 6.7,
CI 1.0 to 46.8) whereas the risk from bed sharing was
not significant in those without a respiratory infection
(P=0.82,0R 1.1, CI 0.6 to 1.9). For those not sharing
a bed there was no evidence of elevated risk from
respiratory infection. There was no indication that the
children were bed sharing because they were sick,
because the percentage who shared a bed with and
without respiratory infection was similar. The interac-
tion still remained when usual bed sharing replaced
bed sharing in the past 2 weeks.

None of the factors included in the combined analy-
sis interacted with ethnicity; i.e. the risk of the factors
did not differ in the Maori, Pacific Island or other
ethnic groups.
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DISCUSSION

This investigation has found that household crowd-
ing is the most important risk factor for meningococcal
disease in Auckland children during the current pro-
longed serogroup B epidemic. This is the largest study
of risk factors for meningococcal disease reported to
date and the first carried out in New Zealand.

Crowded living conditions have long been associated
with increased infectious disease transmission, espe-
cially those spread by the respiratory route, such as
tuberculosis” and rheumatic fever.® The association
between overcrowding and meningococcal disease has
been shown in institutional settings as far back as
World War I° and in home environments in several
countries.’®~'® Recent case-control studies have con-
firmed the association in developed countries, particu-
larly for children.'® 17

This study has found a much greater role for crowd-
ing as a risk factor for meningococcal disease than
previous case-control studies'®'® and has identified
household members older than 10
most important component of household density. Be-
cause N. meningitidis carriage occurs predominantly in
adults'® 2 and its droplet spread is facilitated by close
and frequent contact,? it is biologically plausible that
high adult density plays an important role in transmis-
sion of infection to children.

Where studies have not found a link between over-
crowding and meningococcal disease, it has been sug-
gested that a threshold for crowding may exist so that
overcrowding must be severe to affect disease.'® 22 The
present study did not find a threshold effect. Rather
there is continuously increasing risk with increased
density. Census data show that South Auckland, which
has the highest rates of meningococcal disease in New
Zealand, has the highest proportion (4.5%) of crowded
homes of any urban area in New Zealand.?® The crowd-
ing measure used was based on the proportion of
houses requiring two or more additional bedrooms to
meet adequately the sleeping needs of the household,
taking into account household composition.?® In New
Zealand 75% of occupants living in crowded conditions
are Maori and Pacific Island people, yet together these
two groups form only 20% of New Zealand’s population.
Young children are particularly affected; almost 60% of
crowded homes include children younger than 5 years
of age, more than 3 times the average for New Zealand
households.?? Although household crowding is unlikely
to have caused the meningococcal disease epidemic in
New Zealand, crowding has almost certainly intensi-
fied its effect among the most vulnerable, notably
Maori and Pacific Island populations living in Auck-
land.

Our finding of an increased risk of disease when adult
household members have had a recent respiratory infec-
tion is new. Glover’ has previously postulated that
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meningococcal carriers with a respiratory infection are
more likely to cough and sneeze over household members
and expose them to a higher infective dose of N. menin-
gitidis, a factor believed to be important in the transmis-
sion of a number of infectious diseases.2*2® Further, the
number of respiratory infections a person develops is
increased by overcrowded living conditions.2%

Our findings support previous evidence that infec-
tious cofactors may be important in the development of
invasive meningococcal disease.'® 27 28 Some measures
we used (respiratory infection in a household member
and analgesia use as an indicator of a more severe
recent illness) were associated with an increased risk of
disease. Respiratory infection in the subject, however,
was associated with an increase risk of disease only in
those who were also sharing a bed. Studies designed to
assess the presence of a respiratory infection in a case
or control based on symptom history have limitations.
Such measures are prone to recall bias and potential
confusion with the early onset of meningococcal disease
itself. Although we have interpreted analgesia use to
be an indicator of recent illness, we cannot exclude the
possibility that acetaminophen use itselfis a risk factor
for meningococeal disease.

Attendance at large social gatherings for significant
periods of time was also a risk factor, possibly through
exposure to adults who carry the organism. Our study
also identified passive smoking as a risk factor for
children, although the size of the effect was some-
what smaller than that seen in some previous case-
control’® %27 and cohort studies.?® An increased risk
was identified from sharing an item of food, drink or a
pacifier with another person. This association has not
been previously reported in children, although it is
consistent with the elevated risk of meningococcal
disease found for students who shared drinks and
cigarettes.®® Some risk factors identified in previous
studies were not found in the present study. These
factors included dust exposure®® and reduced duration
of breast feeding.’®

The findings of this study support the hypothesis
that household crowding has a central role among
causal factors for meningococeal disease. Crowding
increases contact between young children and adoles-
cents or adults who carry the organism.3' Crowding
may also increase exposure to infectious cofactors® or
exposure to tobacco smoke,'” further increasing the
risk of invasive disease.

These findings have implications for efforts to reduce
the burden on meningococcal disease among children in
New Zealand. The most important preventive measure is
to reduce household crowding, which is a major factor in
the spread of other infectious diseases as well as menin-
gococeal disease. Because overcrowding is often associ-
ated with poverty, policies are required that directly
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address the affordability of appropriate housing. Find-
ings also support the need to continue efforts to reduce
tobacco smoke exposure. Attendance at substantial social
gatherings appears important but requires further inves-
tigation into its value as a modifiable risk factor.
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Predictors of infectious complications after

burn injuries in children

GAIL L. RODGERS, MD, JOEL MORTENSEN, PHD, MARGARET C. FISHER, MD, ADRIAN LO, MD,

ADRIENNE CRESSWELL, MD AND SARAH S. LONG, MD

Background. Infections are the major life-
threatening complication of burn injury and oc-
cur with the greatest frequency in children.
Knowledge of their occurrence and management,
however, is extrapolated from studies in adults.
We performed a prospective study of infectious
complications in burned children.

Objective. To delineate epidemiology, risk fac-
tors and microbiology of infections in burned
children where burn care and surgical interven-
tions are optimal.

Methods. Children hospitalized for burns were
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entered into prospective study. Characteristics
of the burn injury were assessed, and active
surveillance for infections was performed.
Results. Seventy patients were entered [mean
age, 42 months; mean total body surface area
(TBSA), burn 15%]. Twenty-seven percent of pa-
tients developed 39 infections: 13 involved the
burn wound (burn wound sepsis, 6; graft loss, 5;
and cellulitis, 2); 13 were catheter-associated sep-
ticemia; 13 involved other sites (i.e. pneumonia,
4; urinary tract infection, 3; bacteremia, 2; endo-
carditis, 1; myocardial abscess, 1; toxin-mediated
syndrome, 1; and otitis media, 1). Twenty-three
infections were caused by a single organism, 9
infections by more than 1 organism and in 7
infections defined by CDC criteria no organism
was recovered. Organisms causing infection
were: Staphylococeus aureus, 19; Candida albi-
cans, 4; Pseudomonas aeruginosa, 4; coagulase-
negative Staphylococcus, 4; Enterococcus sp., 3;
Escherichia coli, 1; Klebsiella oxytoca, 1; Serratia
marcescens, 1; Streptococcus pneumoniae, 1;





