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Background The hypothesis that infections reduce the risk of atopy was
investigated by estimating the association between recurrent respiratory
tract infections during the first 3 years of life and atopy at school age.
Methods According to surveys in three different areas of Norway, children
were classified into three groups: asthma, wheeze without asthma (wheeze),
and no asthma/no wheeze. The skin prick test (SPT) was conducted on a
stratified random sample of children (n = 502). The outcome was at least one
positive SPT, The exposure variable was retrospective parental report of
respiratory tract infections during the first 3 years of life.
Results Infections were negatively associated with atopy, crude odds ratio
(cOR) = 0.3,95% confidence interval (95% CI) 0.1-0,7, in the asthma group,
A similar association was present in children with wheeze cOR = 0,4 (95% CI
0.1-1,2), The number of siblings was not associated with atopy in any group.
Infections remained negatively associated with atopy in children with
asthma, aOR = 0.3 (95% CI 0.1-0,7), in a logistic regression model adjusting
for confounding factors, A similar pattern was present in the wheeze group.
Conclusions Recurrent respiratory tract infections during the first 3 years of
life are negatively associated with atopy at school age in children with
asthma.
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The hypothesis that early infection may reduce the
risk of allergic sensitization is based on the idea
that infections strongly promoting Thl immunity
may inhibit atopic disorder by the suppression of
Th2 immunity {\). The results of several studies
may support the theory (2^). An inverse associa-
tion between number of siblings and the prevalence
of hay fever has been reported in young British
adults (5). Since the effect was stronger for subjects
with older than with younger siblings, the author
suggested that factors such as viral infections may
influence the results. Other studies have confirmed
that sibship size is inversely associated with atopy
in European adults and children (6-10),

However, it is still unknown whether the
apparent effect of the number of siblings is due
to an increase in respiratory infections or reflects
other underlying variables not yet discovered. The

objective of the present study was to estimate the
association between parental report of recurrent
respiratory tract infections during the first 3 years
of hfe and atopy at school age in three different
groups of children: those reporting neither asthma
nor wheeze, those reporting wheeze without
asthma, and those reporting asthma.

Material and methods

Subjects

In 1994, 7-16-year-old schoolchildren were enrolled
in a cross-sectional study of asthma and allergy in
three areas of Norway; the city of Oslo (n = 2188),
the municipality of Odda (« = 831), and the urban
area of Hallingdal (n = 1177) (11). The parents
completed the ISAAC questionnaire and other
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questions previously used in studies of childhood
asthma (12, 13). The methods and results of the
present study are presented elsewhere (14, 15).
Subsequently, a second questionnaire was mailed to
the parents of the children. This questionnaire
included demographic information, family structure,
and early exposures from birth throughout child-
hood.

According to the parental responses to the first
questionnaire, the children were classified into
three mutually exclusive groups: asthma, wheeze,
and no asthma/no wheeze. "Asthma" was defined
by a positive response to the question, "Does the
child still have asthma?" "Wheeze" was defined by
a positive answer to the question, "Has the child
had wheezing or whistling in the chest in the last 12
months?" and a negative answer to the asthma
question. "No asthma/no wheeze" was defined by a
negative response to both the asthma and wheeze
questions. A stratified random sample of children
(/I = 502) was drawn for skin prick testing, with
group and area serving as strata. In Oslo, the
sampling probability was 0.66 in the asthma group,
0.58 in the wheeze group, and 0.04 in the no
asthma/no wheeze group. In Hallingdal and Odda,
all children with asthma and wheeze were included,
whereas the sampling probabilities in the no
asthma/no wheeze group were 0.11 in Hallingdal
and 0.10 in Odda. We obtained complete data for
86% of the children in Oslo, 88% in Odda, and
83% in Hallingdal.

Variables

Atopy. The sensitivity to nine prevalent allergens
was assessed by skin prick test (SPT) according to
the Nordic guidelines (16,17). The allergen extracts
used were all Soluprick SQ 10 HEP (ALK A/S,
H0rsholm, Denmark): hen's egg white, cow's milk,
house-dust mite {Dermatophagoides pteronyssi-
nus), Cladosporium herbarum, dog and cat
dander, birch and timothy pollen, and mugwort
{Artemi.sia vulgaris) pollen. Saline (saline/glycerol
50/50) was used as negative control, and histamine
(10 mg/ml Soluprick) as positive control. The size
of the reactions was measured 15 min after testing.
The histamine wheal size was recorded as the sum
of the longest plus the midpoint orthogonal
diameters divided by 2. A child was considered
atopic to a specific allergen if the average diameter
of the wheal was at least half of that produced by a
10 mg/ml solution of histamine, and with an
average diameter of the wheal due to histamine
of at least 3 mm. Atopy was defined as having at
least one positive SPT.

Recurrent respiratory tract infections. Parents were
asked about different infectious diseases (otitis,
bronchitis, respiratory tract infections, and pneu-
monia) diagnosed by a physician from birth
throughout childhood. The options of time periods
given to the respondents were 0-11 months, 1-2
years, 3-4 years, and 5-6 years. The exposure
variable in the present analyses was parental
retrospective report of physician diagnoses of
recurrent respiratory tract infections during the
first two time periods (during the first 3 years of
life).

Background variables. In the analyses, we adjusted
simultaneously for a set of background variables
including sex, year of birth, number of siblings,
maternal and paternal education, family history of
atopic diseases, day-care attendance, and area
(Oslo, Odda, and Hallingdal). Day-care attendance
was scored dichotomously with home care as the
reference category. The other variables were
defined as follows: year of birth was classified
into three groups (1978-81, 1982^, and 1985-8);
number of siblings was divided into four categories,
none, 1, 2, and >3; and maternal and paternal
education, defined by length of education, was
categorized at three levels (< 10 years, 10-14 years,
and > 14 years). A family history of atopic diseases
was measured in terms of reports of maternal and
paternal asthma or hay fever.

Statistical analysis

By logistic regression, crude odds ratios (cOR) and
adjusted odds ratios (aOR) with 95% confidence
interval (95% CI) were used as measures of
association between the exposure variables and
the outcome. All analyses were conducted within
groups (no asthma/no wheeze, wheeze, and
asthma). There was no information on paternal
or maternal education for 26 children, and they
were assigned the category "unknown" on these
variables. The analyses were performed with SPSS
for Windows (6.0) (18).

Results
Children in the wheeze and asthma groups were
more likely to have had recurrent respiratory tract
infections (infections) before 3 years of age and
atopy at school age than children in the no asthma/
no wheeze group (Table 1). Except for a family
history of atopic diseases and sex, the background
variables had a similar distribution in the three
groups.

The prevalence of infections increased with
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Table 1 - Presence of atopy, recurrent respiratory tract infections (infectionsi before 3
years of age, and distribution of background variables in three groups of children
undergoing skin prick testing (SPT)

No asthma/no wheeze Wheeze Asthma
/7=155 /7=166

Atopy
No
At least one positive SPT

Infections
No
Yes

Year of birth
1985-8
1982^
1978-81

Number of siblings
None
1
2
2:3

Sex
F

M
Paternal education (yearsl

<10
10-14
>14
Unknown

fraternal education (years)

<10
10-14
>14
Unknown

Area
Oslo
Odda
Hallingdal

Maternal atopic disease
No
Yes

Paternal atopic disease
No
Yes

Day care
Home care
Day-care attendance

72,9
27,1

9S,0
5,0

27,1
37,0
35,9

11,6
49,2
32,0
7,2

51,4
48,6

24,3
354
34,8
5,5

23,2
40,3
343

2,2

35,4
23,2
41,4

80,7
19,3

78,5
21,5

66,9
331

58,7
41,3

87,1
12,9

29,0
34,8
36,1

22,6
44,5
27,7
5,2

56,8
43,2

30,3
28,4
38,1
3,2

24,5
374
36,1

1,9

36,1
20,6
43,2

61,9
381

74,8
25,2

65,8
34,2

43,4
56,6

80,1
19,9

28,3
35,5
36,1

18,7
42,8
32,5
6,0

45,2
54,8

29,5
32,5
31,3
6,6

307
40,4
27,1

1,8

39,8
19,3
4V0

61,4
38,6

669
33,1

63,9
36,1

increasing numbers of siblings in the asthma group
(Table 2). Having attended day care outside home
increased the prevalence of infections in all three
groups. The prevalence of infections decreased
with increasing age in the wheeze group. Children
in Hallingdal tended to have the lowest prevalence
of infections in all three groups. Other background
variables were not associated with infections.

The number of siblings was not associated with
atopy in any group (Table 3). In children with no
asthma/no wheeze, there was a positive association
between maternal atopic diseases and atopy (OR
2.5 [1.1-5.3]). In the wheeze group, paternal atopic
diseases tended to be associated with atopy (OR 2.0
[0.9^.1]). In this group, the prevalence of atopy

Table 2, Prevalence (%) of recurrent respiratory tract infections (infectionsi before 3
years of age according to number of siblings, day care, and area in three groups of
children

Infections (percentage responding yes)

No asthma/no wheeze Wheeze Asthma

Number of siblings
None
1
2
> 3

Day care
Home care
Day-care attendance

Year of birth
1985-fl
1982-4
1978-81

Area
Oslo
Odda
Hallingdal

48
7,9
1,7
0

3,3
8,3

10,2
30
3,1

7,8
4,8
2,7

14,3
1V6
16,3
0

9,8
18,9

22,2
11,1
7,1

19,6
15,6
60

12,9
19,7
22,2
30,0

17,0
25,0

19,1
18,6
21,7

22,7
28,1
13,2

was highest in Hallingdal (OR 2.8 [1.3-5.8]). In all
three groups, the prevalence of atopy increased
with increasing age, and there was no association
between atopy and any of the other background
variables.

Table 4 presents the adjusted odds ratios for at
least one positive SPT by recurrent respiratory
tract infections in children with no asthma/no

Table 3, Prevalence (%) of at least one positive skin prick test according to number
of siblings, maternal and paternal atopic disease, and area in three groups of
children

At least one positive skin prick test
(percentage reporting yes)

No asthma/no wheeze
n=181

Wheeze
/!=155

Asthma

Siblings
None 9,5
1 30,3
2 27,6
a 3 30,8

Maternal atopic disease
No 23,3
Yes 42,9

Paternal atopic disease
No 24,6
Yes 35,9

Year of birth
1985-8 26 5
1982-4 23,9
1978-81 30,8

Area
Oslo 25,0
Odda 28,6
Hallingdal 28,0

42,9
39,1
44,2
37,5

39,1
588

40,8
66,7

28,9
46,3
464

32,1
250
56,7

64,5
50,7
57,4
70,0

562
60,0

54,6
78,6

55,3
54,2
60,0

57,6
438
618
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Table 4, Adjusted odds ratios for at least one positive skin prick test (SPT) by

recurrent respiratory tract infections (infections) in children with asthma, wheeze

wittiout asthma (wheeze), and neither asthma nor wheeze (no asthma/no wheeze)

At least one positive SPT

Infections

No
n

Yes

n aOR*(95% CI)

Asthma

Wheeze

No asthma/

no wheeze

No

Yes

No

Yes

No

Yes

50
22
76
15

127

5

83

11

59

5

45

4

1,0

0,3 (0.1-0,7)

1,0

0,4(01-14)

1,0

2,6(05-13,1)

'Adjusted for sex, year of birth, number of siblings, paternal and maternal education,

area, day care, and paternal and maternal atopy,

wheeze, wheeze without asthma, and asthma.
Infections remained negatively associated with
atopy both in children with asthma and in children
with wheeze in a logistic regression model adjusting
for other variables.

In further analyses, we included breast-feeding,
smoking during pregnancy, and having pets during
the first year of life as explanatory variables. None
of these variables were associated with atopy.

Discussion
The results of the present study suggest that
parental reports of physician diagnoses of recurrent
respiratory tract infections during the first 3 years
of life reduce the risk of developing atopy assessed
by SPT in children with asthma. A similar, but not
statistically significant association, was found in
children with wheeze.

One limitation of the present study is that the
exposure variable was retrospective parental report
of physician diagnoses of recurrent respiratory tract
infections. Mothers with children with no asthma/
no wheeze, or wheeze, or asthma may differently
report infections. This problem of recall bias is
partly obviated by the stratified analysis. It seems
more unlikely that mothers with and without
children with a positive SPT should report infec-
tions differently. A probable information bias may
also be reduced by using infections confirmed by a
physician. Furthermore, the questionnaire was
completed before the parents knew whether their
child would take part in any SPT. A family history
of atopic diseases was present both in children with
and without atopy and probably did not cause
misclassification. The prevalence of respiratory
infections decreases with increasing age in the no
asthma/no wheeze and wheeze groups, a fact which
may be a result of recall bias. In contrast, the
prevalence of at least one positive SPT increases
with increasing age. The SPT procedures were
performed in accordance with the same standar-

Table 5, Illustration of possible heterogeneity bias Hypothetic subgroup I: children

with recurrent respiratory tract infections (infections) and less atopy. Hypothetic

subgroup II children with fewer infections and more atopy. Last part of table shows

actual observations, which are total of hypothetic observations m subgroups

At least one positive SPT

No

Infections n

Yes

n

Hypothetic

subgroup I

Hypothetical

subgroup II

All (actual observations)

No

Yes

No

Yes

No

Yes

20

20

40

30

2

32

50
22
72

5
5

10

78

6

84

83

11

94

25
25
50

108

8

116

133

33

166

1,0

1,1

0,3

dized method using standardized allergens and
should thus not bias our results.

However, one explanation of our finding may be
heterogeneity bias, as exemplified in Table 5.
Imagine that the asthma group consists of two
subgroups. In hypothetic subgroup I, the preva-
lence of airway infections is 50%, and the
prevalence of children with positive SPT is 20%.
Within this subgroup, there is no association
between infections and SPT positivity (OR = 1.0).
In hypothetic subgroup II, the prevalence of
infections is 6.9%, and the prevalence of SPT
positivity is 72%. No significant association is found
in this subgroup either (OR = 1.1). However, when
these two subgroups are combined, a negative
association appears (OR = 0.3), as shown in Table 5.
It is plausible to surmise that some children have
asthma symptoms mainly in relation to infections,
whereas others have asthma symptoms mainly
triggered by allergen exposure. This kind of bias
may occur in any population with a mixture of
subgroups with unequal prevalence of exposures
and disease.

Children in Hallingdal consistently had fewer
infections and more SPT positivity than other
children, which is an ecologie correlate to our
finding that infections may reduce the risk of
developing atopy on an individual level. In
contrast, Forastiere et al. found that multiple
episodes of pneumonia, bronchitis, and bronchio-
litis in the first 2 years of life were weakly
associated with an increased risk of atopy in their
population-based study of 7-11-year-old school-
children (10). Furthermore, one study of 212
Finnish 7-year-olds found an excess of allergic
diseases among children with a history of fever,
gastrointestinal illness, or otitis media in infancy
(19). However, the exposure variables and the time
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period of exposure were different in these studies
and not directly comparable.

It has been postulated that viral and bacterial
infections may result in downregulation of IgE
production (20, 21). It has also been suggested that
respiratory viruses may promote allergic sensitiza-
tion (22). Thus, in contrast to upper airway
infections, one single or a few episodes of severe
lower respiratory infections such as bronchitis
could have an allergy-promoting effect, as found
by Forastiere et al. (10). Sigurs et al. have shown
that RSV bronchiolitis was an important risk factor
for the development of IgE antibodies and asthma
(23). In contrast, in support of our finding,
alterations of the Th2/Thl balance may become
important only in the presence of continued or
recurrent infections (1). The infections must
precede the atopy. Furthermore, frequent and
long-lasting infections increase the probability
that the infection comes in relation to an allergen
exposure. This would imply that early and frequent
infections during all the first 3 years of life could be
sufficient to influence the immune response to
airborne allergens. Furthermore, children may
respond differently to infections early in life
when the immune system is immature and thus
more amenable to change (24). Genetic differences
may explain an inconsistent effect of infections in
the groups with asthma and wheeze compared to
that without. Among those in the asthma group,
there may be an increased susceptibility to immune
system alterations early in life associated with the
predisposition to developing allergy. In the present
study, the asthma group had a higher prevalence of
a family history of atopic diseases than the no
asthma/no wheeze group, a fact which might
suggest that there are genetic differences between
the subgroups. The present study does not allow
conclusions on the type of infection(s) that may
reduce the risk of atopy.

It has been reported that measles infection may
prevent the development of atopy in African
children (3), implying that a single measles episode
is sufficient to influence the immune response to
airborne allergens for many years ahead. Further-
more, an inverse relation with hepatitis A infection
suggests that infections transmitted through the
fecal-oral route might also reduce the risk of
developing atopy (4).

The "infection hypothesis" was based on the
observation that having older siblings appeared to
exert a stronger protective effect on the develop-
ment of hay fever than having younger siblings (5).
The finding has mainly been examined in young
British adults, using a report of hay fever, nasal
allergies, and allergic sensitization to common
aeroallergens as outcome, and number of siblings

as exposure (7-9, 25). Only two studies have
previously estimated the association between
number of siblings and atopic status assessed by
SPT in schoolchildren (6, 10). A negative associa-
tion between number of siblings and SPT reactivity
was found in pooled data of 9-11-year-old children
from the former West and East Germany (6). In an
Italian study of children 7-11 years of age, the
prevalence of positive SPT decreased with increas-
ing number of siblings (10). In these two studies, a
similar pattern in the association between number
of siblings and SPT positivity was found. It is
noteworthy that the inverse association between
the exposure and outcome variable appears for
three siblings or more, and that the associations are
weak. An interesting question is whether the same
results would have been found if the data from
West and East Germany had been analyzed
separately. Thus, the number of siblings may also
reflect the influence of other factors related to birth
order than the possibility of cross-infection within
families. Having three or more siblings was not
common in the present study, resulting in low
power to detect association.

The present study is the first study to estimate the
association between recurrent respiratory tract
infections and SPT positivity in subgroups of
schoolchildren. In summary, our results are in
accordance with the infection hypothesis, but may
also be explained by heterogeneity of subjects
within the asthma group.
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