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Risk factors for severe wheezing bronchitis were studied in children aged 4
months to 4 years in need of hospitalization. The children included in the
study consisted of all cases generated from a geographically defined popu-
lation, the catchment area of St Goran’s hospital in Stockholm. The inci-
dence was 3/1000 children and year, during the two years of observation,
with the highest rate in boys under the age of 18 months (4.7/1000). Symp-
toms of a preceding upper respiratory tract infection were reported in 90%
of the cases, but a viral etiology could only be demonstrated with virus iso-
lation in 26%. Respiratory syncytial virus was the most common finding in
younger children. Rhinovirus was primarily seen in older children with a
history of previous wheezing. Regardless of whether the cases had a posi-
tive or negative virus isolation they showed the same seasonal distribution.
Furthermore, there was no difference in risk factors between children with a
positive and negative virus isolation. Children older than 18 months with
negative virus isolation had higher IgE levels than those with positive isola-
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tion, suggesting that atopy is of greater importance in this group.

Wheezing bronchitis is an increasing problem in chil-
dren (1, 2). Risk factors for wheezing bronchitis have
usually been investigated with cohort-study designs,
often focusing on selected risk groups (3-6). In the
few published population-based cohort or cross-sec-
tional studies, incidence or prevalence of asthma and
persistent wheezing has been estimated, but the limit-
ed size of the populations studied has only rarely per-
mitted an assessment of more severe manifestations,
such as the need of hospitalization (9).

It is well known that viral infections may cause
wheezing, and in most of young children with
wheezing bronchitis a history is given of a preced-
ing upper respiratory tract infection (7, 8). However,
a viral etiology can be established only in 20—40%
of wheezing children at the time of hospitalization
(10-14). 1t is not known to what extent risk factors
differ between wheezing children with and without
a proven viral infection.

One aim of this study has been to determine the
incidence of wheezing, requiring hospitalization,

6

Key words: wheezing; bronchitis; childhood
asthma; incidence; viral infections; rhinovirus;
case-controf study.

Received July 12, 19%
Accepted November 11, 1995

during 2 years of observation of a well defined pop-
ulation. Another aim was to study risk factors in
children with and without proven viral infection.

Material and methods
Study subjects

A population-based, case-control study of wheezing
bronchitis in early childhood was conducted in the
northwestern part of greater Stockholm constituting
the catchment area of St. Goran’s Children’s Hospi-
tal (15). In 1986 the population was approximately
540000 with 16282 boys and 15634 girls aged
from 4 months to 4 years.

Cases were defined as 4-48-month-old children,
born in Sweden and living in the catchment area of
St Goran’s Children’s Hospital, who were admitted
to hospital for the first time because of breathing
difficulties with wheezing. This is the only hospital
in the area to which children with these symptoms
would be admitted. Children below 4 months of age



were excluded to avoid breathing difficulties of neo-
natal origin. At inclusion the children were exam-
ined by one of the three pediatricians participating
in the study. Further criteria for inclusion were a
clinical evaluation showing an obvious airway ob-
struction with wheezing and a respiratory rate ex-
ceeding 60/min in children below 12 months of age
and above 40/min in older children. The Stockholm
County Council register of hospital admissions was
also checked in order to exclude children who had
previously been hospitalized for wheezing.

A total of 204 cases were diagnosed from Sep-
tember 1986 through September 1988 and the par-
ents of 199 children (97.5%) agreed to participate in
the study. On admission, a case history about trig-
gering factors of importance was taken. Virus isola-
tion from nasopharyngeal samples were obtained in
88% of the children. Following discharge, a struc-
tured home interview with one of the parents was
performed by a paediatric nurse trained in allergy.
Data were obtained on heredity of atopic disease,
pregnancy, exposure to allergens, breast-feeding,
previous history of infection, day-care arrange-
ments, housing conditions and socioeconomic fac-
tors. Atopic heredity was defined as allergic disease
in a first-degree relative and parental atopy as aller-
gic disease in one or both parents. A suspected aller-
gic reaction to milk, egg or fish was classified as
“food allergy”.

Controls were selected to provide information on
the distribution of risk factors in the population
from which the cases originated. The population
register of Stockholm County was used to recruit
the controls. An age-stratified random sample of
children from the same area as the patients was se-
lected twice a year during the recruitment period of
the cases. A total of 409 controls were contacted
and 351 (85.8%) agreed to participate. Home inter-
views were performed in the same way as for the
cases within 6 months after sampling.

Virus isolation and IgE determination

A nasopharyngeal swab was applied to a virus isola-
tion transport medium containing antibiotics and cy-
cloheximide. At the laboratory 2.2 ml of Parker
medium, penicillin, streptomycin and mycostatin
were added. After homogenization, 0.2 ml of the
mixture was added to tubes of HeLa cells, green
monkey kidney cells, thabdomyosarcoma cells, ca-
nine kidney cells (MDck) and cells of a fetal kidney
cell line (Mal04). These cell lines were chosen to
allow for isolation of the respiratory syncytial virus
(RSV) as well as the influenza, parainfluenza, herpes
simplex viruses, and entero- and adenoviruses. The
tubes were inspected under ordinary light micro-
scopy for cytopathogenic effects twice weekly for 2
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Table 1. Yearly incidence of first-time hospitalization for wheezing bronchitis
or asthma 19868 in children from Stockholm

Incidence {per 1000)

Age (months) Boys 95% confidence-interval - Girls  95% confidence-interval

4-18 47
18-48 39

3564 2.1
2756 16

1.3-33
0.9-29

weeks. Hemadsorption was carried out on days 6 and
13. Immunofluorescence was used to identify virus-
es. The remaining virus isolation fluid was kept at
—70°C and transported to the Department of Viro-
logy in Turku, Finland, for viral culture in HeLa
Ohio cells at 33°C, in order to detect rhinoviruses
(14).

Serum total IgE was quantified with the Stratus
IgE Fluorometric Enzyme Immunoassay and ex-
pressed as IU/ml following the instructions of the
manufacturer.

Statistical methods

The associations between different risk factors and
wheezing bronchitis were described with maximum
likelihood estimates of relative risks (RR) and 95%
confidence intervals (CI) based on logistic regres-
sion (25). The confidence intervals for cumulative
incidence are based on a normal approximation of
the logarithm of cumulative incidence. IgE levels in
different groups were compared by using the Wil-
coxon rank sum test.

Results
Incidence

A total of 204 children (145 boys and 59 girls) ful-
filled the case definition criteria during the 25-
month observation period. They constituted 46% of
the total 446 admissions for asthma and wheezing
bronchitis during this period in the age group under
study. The overall incidence of first-time hospital-

Table 2. Type of virus in nasopharynx among children in Stockholm hospital-
ized for wheezing bronchitis or asthma in 1986-8

Previous wheszing® No previous wheezing

Age <18 months >18 months <18 months >18 months
n=53 n=65 n=50 n=13
Type of virus
Respiratory syncytial virus 6 1 14 0
Rhinavirus 2 9 0 0
Parainfluenza virus 4 3 4 1
Adenovirus 2 0 1 0
Enterovirus 0 1 1 0

* Information missing in 18 children.
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No. of children

Fig. 1. Seasonal distribution of all
first-time hospital admissions to St
Goran'’s Hospital, Stockholm, for
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ization for wheezing bronchitis was 3.0 per 1000
children and year as shown in Table 1. The inci-
dence was higher among boys than girls, 4.3 and 1.9
cases per 1000, respectively (P = 0.00004).

Clinical data

Of the 204 children, 124 (61%) had experienced
wheezing at least once before admission. A total of
184 (90%) gave a history of continual upper respira-
tory tract infection. Five of the children (3%) were
admitted to the intensive care unit.

Even though children with other possible causes
of wheezing had been excluded, bronchial tubercu-
losis was later diagnosed in one child and pulmo-
nary vascular malformation in another. A third child
had a bronchial stenosis (15).

: wheezing bronchitis or asthma in
(| @ Others children during the period 1
I H Rh September 1986 through 30
[ September 1988. Results from
| | RS nasopharyngeal virus isolations:
[ il Rh — rhinovirus; RS — respiratory
! ] Neg syncytial virus; Other — parainfluen-

[ za, adeno- or enteroviruses; Neg -
no virus isolated.

Fifteen of the children (7%) were preterm, below
34 weeks of gestation, and among them six had ex-
perienced significant pulmonary problems in the
neonatal period. Furthermore, 11 (5%) suffered
from a chronic disease that could contribute to
breathing difficulties such as cardiac malformation,
cleft palate, or morbus down.

Viral studies

Fig. 1 shows the seasonal distribution of the admis-
sions and results of the virus isolation. In 26% of the
children, a virus was isolated from the nasopharynx.
The peak of admission for children below 18
months of age coincided with the peak of the RSV
epidemics, which during the first year of the study
was in March—April and during the second year in

Tabie 3. Risk factors in children from Stackholm hospitalized for wheezing bronchitis or asthma in relation to age and proven viral infection

40-18 months 18-48 months
Controls Patients Controls Patients
Virusneg Viruspos Virusneg Viruspos

n=198 n=67 n=34 n=153 n=52 n=14
Parental smoking 1 1.9+(1.2-3.4) 26(1.2-5.4) 1 17{0.9-3.1) 1.6{0.5-4.9)
Parental atopy 1 1.1{0.7-2.0) 1.2(0.6-2.4) 1 1.6(0.9-3.1) 25{0.8-82)
Breast-feeding less than 3 months 1 2.1{1.2-3.7) 1.9(0.9-4.0) 1 1.0(0.5-1.8) 1.6(0.5-4.6)
Birth weight less than 2500 g 1 2.3(0.9-5.9) 36(1.3-10.0) 1 1.5({0.6-4.0) 1.7(0.3-8.0)
Pets in the household 1 2.0(1.1-3.5) 1.7{0.8-3.7) 1 09(0.4-1.7) 04(01-17)
More than five upper respiratory tract infections below 18 month
of age 1 3401863 1.6{0.6-3.9) 1 23(1.14.9) 38(0.9-15.9)
IgE (median) 1U/mi n 109 485 1859

+ Relative risk and 95% confidence interval (in parenthesis).
a} Wilcoxon test for IgE levels in patients 4-18 months of age P = 0.3.

b} Wilcoxon test for IgE levels in patients 18-48 months of age P = 0.02.
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Table 4. Risk factors in children from Stockholm hospitalized for wheezing bronchitis or asthma in relation to atopic heredity and previous wheezing

Risk factors Atopic heredity+ No atopic heredity
Controls Patients Controls Patients
No previous wheezing  Previous wheezing No previous wheezing Previous wheezing

n=73 n=36 n=67 v=178 n=21 n="51
Parental smoking 1 1.9:(0.9-4.0) 1.0(0.6-1.8) 1 3.9(1.5-9.8 2.7(1.4-52)
Pets in the household 1 1.8(0.8-4.0) 05(0.2-1.1) 1 2.1(09+49) 15(0.8-3.0)
Breast-feeding fess than 3 months 1 1.0(04-24) 1.0{0.5-1.8) 1 1.4{06-3.4) 22(1.2-4.3)
Virus isolation positive - 38% 27% - 30% 24%
IgE (median}iU/ml - 185 30.0¢ - 10 11.5
+Allergic disease in first-degree relative.
The estimates of relative risks are adjusted for age.
+Relative risk and 95% confidence interval (in parenthesis) adjusted for age.
a Wilcoxon test for IgE levels in group with atopic heredity P = 0.09
5 Wilcoxon test for IgE levels in group without atopic heredity P =0.11
January—February. The older children had peaks of . .

Discussion

admissions in September coinciding with the occur-
rence of rhinovirus infection.

Table 2 shows the different isolates in relation to
age and previous wheezing. RSV was primarily
seen in the youngest children, while rhinovirus was
mostly found in older children with a history of pre-
vious wheezing.

Risk factors

A higher proportion of the children above 18
months of age had a history of previous wheezing
than the younger children (83 and 51%, respective-
ly), and the older children also exhibited more of the
other symptoms of atopic disease (48 and 25%, re-
spectively). These symptoms mostly included atopic
dermatitis and food allergies. The occurrence of risk
factors did not differ between the age groups and
was independent of virus isolation results except
that children that had had repeated respiratory infec-
tions before 18 months of age more often had nega-
tive cultures (Table 3). In children above 18 months
of age, the serum IgE level was increased when the
virus isolation was negative (P = 0.02). No differ-
ence in IgE levels occurred in the younger age
group in relation to virus isolation.

Table 4 shows three risk factors for wheezing
bronchitis and asthma in relation to atopic heredity
and history of previous wheezing. In the group of
children with both atopic heredity and reported
wheezing before admission, the number of pets in
the household was surprisingly low, indicating that
some preventive measures had been undertaken. A
short breast-feeding period can be seen as a more
important risk factor in children with previous
wheezing without atopic heredity than in the other
groups.

There are several studies on the incidence of asthma
and wheezing bronchitis in children below 4 years
of age (1-3). However, the size of the populations
studied has generally not permitted estimation of se-
vere manifestations, such as the need for hospi-
talization. In this study we included only children
who were hospitalized for the first time and had se-
vere breathing difficulties. With these criteria, the
incidence was 3/1000, which is close to what is re-
ported from the USA over a 30-year period (9, 16).
In hospital-based studies approximately 50% of the
hospital admissions are first-time admissions (10,
11). From Canada a rate of 7.2/1000 was reported
for hospital admissions for asthma among 3-year-
old children (24). Since about half of hospital
admissions with wheezing are first-time admissions,
the Canadian data are in good agreement with the
Swedish and the US statistics.

In a Finnish study of mainly younger children, a
higher rate of 14/1000 can be calculated from the
presented data (10). The probable reasons for the
higher incidence in the Finnish study were that chil-
dren under the age of 4 months were also included
and that there was a large RSV epidemic during the
study period. The incidence of hospitalization in in-
fants below 1 year of age for verified RSV infection
in our area is 6—20/1000 during an RSV epidemic
(personal communication, Eriksson 1993).

In families with a history of atopic disease and
children with previous wheezing, a changed behav-
iour in relation to risk factors can be suspected. This
was illustrated by the fact that there were fewer pets
in the households of the children in this group of
cases than among the controls and the occurrence of
parental smoking and breast feeding did not differ.
One interpretation of these data is that exposure to
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important environmental risk factors, such as far-
coated pets and ETS is actively avoided by high-risk
parents, particularly if their child already has symp-
toms suggestive of asthma.

High IgE levels have been found in children with
hyperreactive airways and a family history of atopic
disease (17, 18). This concurs with our findings of
the highest IgE levels in children of the older age
group with negative viral isolation but atopic here-
dity.

Rhinovirus peaks in the autumn were most com-
mon in the older children. These autumn peaks have
also been reported by others (13, 21, 22). The im-
portance of rhinovirus in exacerbation of asthma has
received increasing attention recently (23). In this
study rhinoviruses were found in the older children
with both symptoms of atopic disease and a history
of previous wheezing. Other viruses such as RSV
and parainfluenza were more evenly distributed
among all the children studied. This confirms that
RSV and parainfluenza are common causes of respi-
ratory infections both in children with and without
wheezing, while the rhinovirus infections are un-
common causes of hospitalization except when
wheezing is triggered in predisposed children (21).
The prevalence of wheezing and RSV infections
show a similar pattern over time, as demonstrated in
our study.

In spite of the fact that the majority of children
had a history of a preceding upper respiratory tract
infection, viral etiology could only be found in 26%
of the children. This discrepancy between the clini-
cal history and the outcome of the virus isolation
probably has several causes. First, all cases with vi-
rus infection are not identified; for example, the sen-
sitivity of virus isolation for RSV is known to be
about 70% in relation to cases detected by immuno-
fluorescence diagnosis. Second, the time lag be-
tween the start of infection and wheezing leading to
admission is sometimes a few days. This would fur-
ther reduce the chance to obtain a positive virus iso-
lation. No serological analyzes were performed. The
slightly lower rate of positive virus isolation in the
children with previous wheezing, who were also
somewhat older, may indicate that they were rein-
fected, e.g., by RSV, and then harboured the virus in
the nasopharynx during a shorter period of time.
The fact that children who had had more than five
upper respiratory tract infections before 18 months
of age also had more negative virus isolations could
be interpreted in the same way; i.e., repeated viral
infections result in a shorter time period during
which virus can be recovered in nasopharynx.

The patients of the population studied could prob-
ably be divided into two different groups of chil-
dren, one with a virus infection and the other with
an atopic disease aggravated perhaps by a virus in-
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fection. In this latter group, symptoms interpreted
by the parents as caused by infection could in fact
have been those of atopic pathogenesis. This could
be another reason for the low rate of positive virus
isolations. In a recent study of wheezing and asthma
during the first 6 years of life, it was shown that
children with wheezing probably belong to separate
groups with different underlying pathogenic mecha-
nisms (26). It was also demonstrated, as in our
study, that smoking is a risk factor for early and of-
ten transient wheezing. This emphasizes the neces-
sity of considering several pathogenic mechanisms
of wheezing in early childhood.
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