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ABSTRACT: Severe respiratory syncytial virus (RSV) infection has been hypothesised
to be a risk factor for the development of allergy and asthma, but epidemiological
studies in older children have been inconclusive. The current study hypothesises that the
effect of RSV bronchiolitis might be most prominent during the first year after
bronchiolitis.

Forty-two infants had experienced RSV bronchiolitis severe enough to cause
hospitalisation. For each child with RSV infection, two controls were acquired from a
birth cohort and matched for date of birth and sex. All the children were followed
prospectively and underwent a follow-up examination at a mean age of 1 yr, which
included physical examination, and serum immunoglobulin (Ig) E tests for common food
and inhaled allergens.

Risk factors for the development of recurrent wheezing and IgE antibodies were
analysed for the whole group of 126 children. A positive test for IgE antibodies was
noted in 14 of 42 (33%) RSV children and in 2 of 84 (2.3%) children in the control
group. RSV bronchiolitis was the most important risk factor for allergic sensitisation.
Likewise, 13 children (15.5%) of the RSV group and three (3.6%) children of the
control group suffered from recurrent wheezing, and RSV bronchiolitis posed a
considerable risk for recurrent wheezing.

Severe respiratory syncytial virus bronchiolitis during the first year of life is an
important risk factor for the development of recurrent wheezing and sensitisation to
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In infants and toddlers under the age of 2 yrs,
the virus most frequently isolated during wheezing
episodes is respiratory syncytial virus (RSV) [1, 2].
Acute respiratory failure associated with severe
bronchospasm, hypoxia, and carbon dioxide retention
necessitate hospitalisation of a fraction of ~1-2% of
RSV-infected children [3]. A close link between RSV-
induced bronchiolitis and development of asthma has
been identified in several studies [4-14]. However,
there are conflicting results concerning an association
between RSV bronchiolitis and allergic sensitisation.
While some studies found bronchiolitis a considerable
high-risk factor for allergic sensitisation [6, 8], others
did not [11-13, 15, 16]. The reason for this apparent
contradiction is not clear. Differently recruited con-
trol groups, a difference in assessment of atopy and a
different severity of RSV-induced illness in the index
group [7] were discussed as explanations for conflict-
ing results. In most studies, children were assessed at
the age of 8-12 yrs. It might be possible that different
rates of sensitisation at an earlier time point may be
missed. Interestingly, there are two studies assessing
the same cohort at 1 yr [6] or 5.5 yrs [8] of age for the
first time, and at 7 [7] or 10 [9] yrs of age, respectively,
for a second time.

Whereas in both studies the first assessment

revealed a higher number of allergic sensitisations in
the index compared with the control group, at the
second assessment the control group caught up with
the index group, thereby diminishing the difference
in allergic sensitisations. Furthermore, in an early
prospective study a viral respiratory infection was
seen 1-2 months prior to the onset of sensitisation
[17]. Thus, the authors hypothesised that RSV might
accelerate the rate of sensitisation and that this effect
is seen most clearly in the months after RSV bronchi-
olitis. The only study, which investigated sensitisation
of children with RSV bronchiolitis at 1 yr of age, did
not describe a difference between children with and
without bronchiolitis at this early time point [6].
However, with respect to food allergens, only egg
white was tested. In the current study, a sensitive
in vitro multiantigen assay [18] was used which detects,
in addition to hen’s egg white, sensitisation to five
other common food allergens.

Subjects and methods
Participants

Ethics. The study was approved by the Research
Ethics Committee of the Ruhr University, Bochum,
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Germany. Before enrolment of the participants,
informed consent was obtained from the parents.

Infants with respiratory syncytial virus bronchiolitis.
From December 1999 to April 2001, 48 children <1 yr
of age and without concomitant chronic respiratory,
cardiac, or other disease were hospitalised at the
Paediatric Dept, St. Josef Hospital, Bochum, Germany,
with laboratory-verified RSV bronchiolitis. The clini-
cal diagnosis of acute bronchiolitis required the pre-
sence of tachypnoea, wheeze, a prolonged expiratory
phase, and crackles on auscultation, recorded at some
time during the admission [3]. In addition, many had
difficulty with feeding. The diagnosis of RSV infection
was made with the ABBOTT testpack RSV (Abbott,
Wiesbaden, Germany), an enzyme immunoassay for
the rapid detection of RSV from nasopharyngeal
aspirates. The parents were asked to participate with
their infants in a follow-up study of the development
of respiratory and atopic diseases. The parents of 42
infants (18 males) agreed to participate in the study.
None of them had respiratory distress during the
neonatal period. One child had symptoms of atopic
dermatitis (AD) before the RSV infection. Three
infants had experienced an episode of wheezing
4 weeks before the RSV bronchiolitis. The mean age
of the children when admitted to hospital for RSV
bronchiolitis was 16 weeks (range 5-42 weeks). Thirty-
five (83%) of the children were given bronchodilators
by inhalation. Antibiotic therapy was administered to
21 children (50%). Twenty-three children (55%) needed
oxygen for 4 days (range 1-10 days) and 3 (7%) had to
be ventilated for 3 days (range 1-6 days). All children
were examined during the infection by one of the
authors. Their mean hospital stay was 10 days (range
3-26 days).

Control group. Children were selected from a cohort of
children followed from birth. Families lived in the
catchment area of the hospital. For each child with
RSV bronchiolitis, two children with birth dates closest
to the index children, and of the same sex were
included. The control group thus consisted of 84
infants (36 males). The mean difference in the birth
dates between the RSV children and their matched
controls was 34 days (range 6-92 days). No compli-
cations during the neonatal period were reported.
None of the controls had been hospitalised for
respiratory symptoms between the neonatal period
and their first examination.

Exclusion criteria. Children with neonatal respiratory
distress and children who were born before the 38th
week of gestation were excluded from the study.

Study design

The children from the RSV group were re-examined
after 6-9 months at a mean age of 1yr (range
0.7-1.5 yrs). The children from the control group
were examined at the same times, resulting in a mean
age of 1 yr (range 0.7-1.6 yrs). All children were
examined by one of the authors and recordings of

height and weight were taken. The parents were
interviewed using a structured questionnaire. Heredity
for atopic disease in parents and siblings, smoking
habits of the parents (current and during pregnancy),
presence of indoor furred animals, and duration of
breastfeeding were recorded. At follow-up, serum
immunoglobulin (Ig) G antibodies against RSV were
analysed using enzyme-linked immunosorbent assay
(Genzyme Virotech, Riisselsheim, Germany). Values
of >6 Units were regarded as positive. In addition,
serum IgE antibodies to foods and inhalants were
determined using two screening tests for IgE anti-
bodies (Fx5 and Sx1, CAP system; Pharmacia,
Freiburg, Germany) according to the instructions
given by the manufacturer [18]. The Fx5 test detects
antibodies to egg white, soya protein, cow'’s milk,
wheat, peanut, and fish allergens and the SxI test
identifies antibodies against timothy, rye, birch,
mugwort, house-dust mite, cat, dog and moulds.
Values of >0.35 kU-L"" which have been shown
previously to be of diagnostic value [19], were
regarded as positive.

AD was defined as a pruritic, chronic, or chroni-
cally relapsing noninfectious dermatitis, based on the
suggestions of HaniFiN [20]. The term '"recurrent
wheezing" was used in case of three episodes of
bronchial obstruction. Atopic disease in parents or
siblings signifies that they had been diagnosed at some
time by a physician with any of the following: asthma,
allergic rhinoconjunctivitis, or AD. Single heredity for
asthma or atopic disease signifies disease in one parent
or sibling. Double heredity indicates disease in two or
more parents and/or siblings.

Statistics

For comparisons between groups Fisher’s exact test
was used for discrete variables and the Mann-Whitney
U-test for continuous variables. A value of p<0.05
was regarded as significant. To determine which here-
ditary and environmental risk factors were important
for the development of bronchial obstructive symp-
toms and sensitisation in the whole group of 126
children, Fisher’s exact test between each risk factor
and each variable was first performed. Odds ratios
(OR) and 95% confidence intervals (CI) were also
calculated. To estimate which risk factors were inde-
pendently related to the bronchial symptoms and
sensitisation, the risk factors with p<0.10 in this test
were included in multivariate forward stepwise logistic
regression analyses. ORs and 95% CI were also
calculated for significant risk factors in this model.

Results

Respiratory syncytial virus bronchiolitis is a risk

factor for recurrent wheezing

In this study, 42 children hospitalised for RSV
bronchiolitis were followed prospectively and com-
pared to 84 children without bronchiolitis. Serum IgG
antibodies to RSV were found in 39 of 42 (93%) RSV
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and in 29 of 84 (35%) control children (p<0.0001; OR
24.66; 95% CI 7.01-86.73). All of the 29 controls with
IgG antibodies had a history of a mild respiratory
infection (in eight cases combined with wheezing)
which did not require hospitalisation at the time of the
RSV epidemic. The frequency of AD was comparable
in the RSV children and the controls.

The RSV children and the control group were
similar for 11 of 15 background factors, including the
family history of atopy/asthma. There were significant
differences in the four diverging factors, smoking by
the father, by the mother, and during pregnancy, as
well as number of siblings (table 1). The frequency of
recurrent wheezing was significantly higher for the
RSV children at follow-up (table 2). Five of the RSV
children and none of the controls had both recurrent
wheezing and positive tests. Several possible heredi-
tary and environmental risk factors for the develop-
ment of different bronchial obstructive symptoms
were evaluated using Fisher’s exact test (table 3). RSV
bronchiolitis, current smoking by the mother and
during pregnancy were the most important risk
factors for recurrent wheezing. The risk factors in
table 3 with a p-value <0.10 were entered into a
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forward stepwise logistic regression analysis to esti-
mate which factors were independently related to the
development of obstructive symptoms and sensitisa-
tion (table 4). RSV bronchiolitis and smoking in
pregnancy were independent risk factors for recurrent
wheezing. In addition, smoking by the mother and
male sex were risk factors for wheezing.

Respiratory syncytial virus bronchiolitis is a risk
factor for atopic sensitisation

At the follow-up a positive test to allergen was seen
in 14 of 42 RSV children and in two of 84 control
children. Thirteen children were allergic to food
antigens and one to inhalant allergens alone. Two
children from the RSV group were allergic to both
food and inhalant allergens.

In addition to RSV bronchiolitis, current smoking
by the mother and smoking during pregnancy, as
well as double heredity of atopy and male sex
were single risk factors for the development of
sensitisation (table 3). To estimate which risk factors
were independently related to allergic sensitisation a
forward stepwise logistic regression analysis was

Table 1.—Evaluation of background factors in 42 children with respiratory syncytial virus (RSV) bronchiolitis and 84 control

children at 1 yr of age

Background Factor RSV group Control group p-value
Single heredity for atopy 17 49 0.09
Double heredity for atopy 6 9 0.57
Heredity for asthma 9 13 0.46
Double heredity for asthma 4 5 0.48
Male sex 18 36 1.00
Smoking

By father 18 20 0.04

By mother 18 13 <0.01

During pregnancy 16 9 <0.001
Indoor furred animals 9 20 0.83
Number of siblings 1.33+1.16 0.51£0.75 <0.0001
Mean duration of pregnancy 39.3%1.3 39.6*1.1 0.10
Mean birth weight g 3456 £368 3510£399 0.60
Breastfeeding months 1.9+2.6 2.0+2.8 0.98
Mean weight at follow-up kg 9.6+0.9 9.7%1.1 0.85
Mean height at follow-up cm 76.0£3.0 75.6%3.2 0.56

Data are presented as n or mean*sD.

Table 2.—Number of children with bronchial obstructive symptoms, atopic dermatitis and allergic sensitisation at 1 yr of
age in the respiratory syncytial virus (RSV) bronchiolitis and control groups

Symptom RSV group Control group Significance
p-value OR 95% CI
Total subjects 42 84
Wheezing 28 13 <0.001 10.92 4.56-26.14
Recurrent wheezing® 13 3 <0.001 12.10 3.22-45.55
Atopic dermatitis 7 16 0.81 0.85 0.32-2.26
IgE >0.35 kU-L"! 14 2 <0.001 20.50 4.38-95.89
Food-specific IgE 14 1 <0.001 56.44 7.15-445.59
Inhalant-specific IgE 2 1 0.26 6.38 0.64-63.39

Data are presented as n unless otherwise stated. OR: odds ratio; CI: confidence interval; Ig: immunoglobulin; U: units.

: three episodes of bronchial obstruction.
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Table 3.—Univariate test of various possible risk factors for wheezing and allergic sensitisation at 1 yr of age using
Fisher’'s exact test in 42 children with respiratory syncytial virus (RSV) bronchiolitis and 84 controls

Risk factor Wheezing Recurrent wheezing Sensitisation
p-value OR 95% CI p-value OR 95% CI p-value OR 95% CI

RSV bronchiolitis <0.0001 1092 4.56-26.14 <0.0001 12.10 3.22-45.55 <0.0001 20.50 4.38-95.89
Mild RSV infection 0.65 0.74  0.30-1.85 0.36 0.44  0.09-2.06 0.12 0.20  0.02-1.55
Smoking

By father 0.02 2.03 1.15-5.63 0.25 1.98 0.68-5.79 0.5626 1.46  0.49-4.36

By mother <0.0001 6.41 2.65-15.46 <0.01 5.14 1.72-15.34  <0.0001 9.90 3.09-31.68

During pregnancy <0.01 433 1.73-10.82 <0.0001 10.56 3.34-33.32 <0.0001 10.56 3.34-33.32
Furred animals 0.82 1.12 0.47-2.69 0.76 1.13  0.34-3.83 0.12 0.20 0.02-1.55
Heredity asthma 0.21 0.77 0.77-5.02 0.48 1.70  0.49-5.88 1.00 .11 0.29-4.26
Double heredity asthma 0.15 2.81 0.71-11.10 0.32 2.10 0.40-11.14 1.00 0.42 0.05-3.44
Heredity atopy 1.00 0.93 0.44-1.97 0.79 1.20 0.42-3.44 0.28 0.98 0.20-4.78
Double heredity atopy 0.15 0.73  0.22-2.44 0.41 1.88 0.47-7.58  <0.01 6.00 1.80-19.98
Male sex 0.06 222 1.04-4.47 0.79 0.77 026227  <0.01 486 1.47-16.05
More than one sibling <0.01 447 1.23-16.23 0.03 3.80 1.20-12.00 0.14 1.67 0.82-8.72

OR: odds ratio; CI: confidence interval.

Table 4. —Multivariate test of possible risk factors for wheezing and allergic sensitisation at 1 yr of age using logistic
regression in 42 children with respiratory syncytial virus (RSV) bronchiolitis and 84 controls®

Risk factor Wheezing Recurrent wheezing Sensitisation
p-value OR 95% CI p-value OR 95% CI p-value OR 95% CI

RSV bronchiolitis <0.0001 10.32  3.56-29.96 0.01 892 1.42-5588 <0.001 20.66 3.53-120.75
Smoking

By father 0.85 1.12  0.36-3.46

By mother 0.01 8.42 1.51-46.81 0.68 0.68 0.11-4.12 0.04 9.17 1.17-72.21

During pregnancy 0.41 0.50  0.10-2.60 0.02 6.45 1.52-27.23 0.79 1.31  0.19-9.10
Double heredity atopy 0.59 1.31  0.25-11.58
Male sex <0.01 424  1.49-12.05 <0.01 12.2 2.37-62.5
More than one sibling 0.19 225 0.68-7.46 0.29 2.14  0.52-8.81

OR: odds ratio; CI: confidence interval. #: risk factors with a p-value <0.10 in Fisher’s exact test (from table 3) were entered.

performed (table 4). RSV bronchiolitis was the most
important independent risk factor for sensitisation
followed by male sex and current smoking by the
mother. The number of siblings turned out to have no
influence on sensitisation in this study.

Discussion

In the present study, children hospitalised with RSV
bronchiolitis displayed a significantly higher rate of
recurrent wheezing and allergic sensitisation only a
few months after the RSV infection. Forty-two
children with RSV bronchiolitis were followed
during the first month of life and compared to 84
control children. The index children suffered from
severe RSV infection necessitating hospitalisation.
This group of children usually only comprises ~1%
of all children infected by RSV [21]. Like 35% of
control children with positive anti-RSV IgG, most of
the children suffered from a benign upper respiratory
tract infection after contact with RSV. The two study
groups differed in number of siblings and smoking in
the family. Both factors may predispose for RSV

bronchiolitis. An infant’s older sibling is most likely
to introduce the virus into the family [22], and the
number of persons sharing the room has been iden-
tified as a risk factor for RSV bronchiolitis [23]. In the
same way, the risk for RSV infections is increased in
children attending daycare centres [23]. Since daycare
is not institutionalised in western Germany, this point
was not evaluated in this study. Smoking [6, 8, 9], in
particular prenatal smoking by the mother [24], is a
known predisposing factor for RSV bronchiolitis.
Maternal smoking during pregnancy is an important
determinant of lung function shortly after birth, and
this may explain the strong link between smoke
exposure in utero and subsequent risk of lower
respiratory tract illness [25].

The main question of the study however was
whether RSV bronchiolitis poses a risk for subsequent
wheezing and allergic sensitisation. Multivariate ana-
lysis in the whole group of 126 children showed that
RSV bronchiolitis was the single most important
risk factor for wheezing and recurrent wheezing. This
was followed by smoking during pregnancy for
wheezing and recurrent wheezing, and by male sex
for wheezing. In this regard, the present study
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confirms the result of many others [4-13]. Likewise,
smoking in the family [6, 8, 9], and in particular
smoking during pregnancy [24], were previously
identified as risk factors for wheezing. In addition,
male sex was identified as a risk factor for wheezing.
Smoking and male sex were found to predispose for
decreased maximum expiratory flow in the first year of
life [24]. In a prospective study, lower levels of lung
function were observed before the development of any
lower respiratory illness in children with recurrent
wheezing [26]. Thus, severe RSV bronchiolitis and
recurrent wheezing may be confined to children with
narrow airways and a higher risk of wheeze. On the
other hand, it has been shown that an increased
incidence of wheezing after RSV infection is not only
restricted to children with severe RSV bronchiolitis,
but also to children with mild disease not requiring
hospitalisation [15, 16]. Therefore, it cannot be ruled
out that RSV infection actively induces bronchial
hyperreactivity. One possible mechanism for induc-
tion of hyperreactivity might be induction of allergies.

In the present study, children hospitalised with RSV
bronchiolitis displayed a significantly higher rate of
allergic sensitisation only a few months after RSV
bronchiolitis. RSV bronchiolitis was the single most
important risk factor for sensitisation. Additional risk
factors were male sex and smoking by the mother.
These risk factors have been identified previously in
some [27], but not all [28] studies. It is possible that
these additional risk factors might predispose for
RSV-mediated immunmodulation and therefore were
not identified in other studies focusing on risk factors
for allergy in general [29]. Sensitisations found in this
study were mainly directed to food antigens. The only
study which investigated sensitisation of children with
RSV bronchiolitis at 1 yr of age, did not describe a
difference between children with and without bronchio-
litis at this early time point [6]. With respect to food
allergens, only egg white was tested. In the current
study, a sensitive in vitro multiantigen assay [18] was
used which detects, in addition to hen'’s egg white,
sensitisation to five other common food allergens.
Even though the diagnostic value might be higher if
sensitisation to food was detected by single allergen
specific tests or skin-prick tests against common
allergens [19], the results of this study shed some
light on the mechanisms of RSV-induced allergic
sensitisation. The predominance of food sensitisation
in infants after RSV bronchiolitis is consistent with
the notion that RSV bronchiolitis may accelerate the
rate of sensitisation. The IgE responses during the first
months of life are commonly directed to food proteins
[29]. Children with food allergies in infancy are prone
to sensitisation to environmental allergens between
the first and tenth birthdays [30]. Thus, the increased
rate of sensitisation to food antigen found in this
study at 1 yr of age may predispose to a higher rate of
sensitisation against inhalant allergens at later time
points, as described in other studies of children with
RSV bronchiolitis [6-8].

The concept that RSV bronchiolitis accelerates
allergic sensitisation is further supported by the fact
that the relative risk for sensitisation was as high as
20.66 in this study at 1 yr of age, whereas in children

examined by SiGurs and co-workers [6, 7], it was 3.6
at 3 yrs of age and 2.4 at 7.5 yrs. In these studies, the
declining influence of RSV bronchiolitis was due to an
increase in allergic sensitisations in the control group.
In extrapolating the present data to later time points,
it might be speculated that the sensitisation rate of the
control group will further increase to a level of 25%, as
seen in the general population of developed countries
[31], and thus level off with the RSV group. If this is
true then it is not surprising that a number of
retrospective studies with older children were unable
to detect any influence of RSV on allergic sensitisation
[4, 5, 11-13].

The high rate of sensitisation to food, but not to
inhalant allergens, in this study might also shed
some light on the pathophysiology of RSV-associated
increase in allergic sensitisation. The reaction to food
antigens is likely to be either systemic or to be con-
fined to the gut [32] rather than to the respiratory
system. In accordance with other studies [6, 7, 16],
the authors found that only severe RSV bronchiolitis
but not a mild RSV infection increased the risk of
sensitisation. In severe bronchiolitis, RSV was shown
to spread outside the respiratory tract [33]. In addi-
tion, a modulation of the systemic immune response
was demonstrated by several authors [34-36]. It is thus
conceivable that a severe RSV infection might be able
to modulate the immune response in organ systems
other than the respiratory tract. Furthermore, virus-
induced immune modulation is most prominent
during the acute infection and the weeks thereafter,
as shown in murine RSV infection [37, 38] or human
measles infection [39]. It is therefore likely, that its
effect on allergic sensitisation is most clearly seen
shortly after the infection.

The predominance of sensitisation to food rather
than to inhalant allergens makes a direct relation
between sensitisation and respiratory obstructive
symptoms very unlikely. This corresponds with the
observation reported by STEIN et al [16] that an
increase of bronchial obstructive disease is found in
children with mild RSV infection not requiring
hospitalisation and that this increased rate of obstruc-
tive disease is not related to allergic sensitisation.

Although the current study may help to clarify the
association between respiratory syncytial virus infec-
tion, recurrent wheezing and allergic sensitisation, the
limitations of the study need to be made clear. The
study groups were not matched according to smoking
in the family and number of siblings. Only children
with severe bronchiolitis but not children with milder
lower respiratory tract infections were compared to
healthy controls. Instead of single allergen tests, a
more insensitive multiallergen test was used, and the
children were only followed during the first year.
These problems have to be addressed in future studies.
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