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Summary
Background Respiratory syncytial virus (RSV) infection may influence the development of

recurrent wheezing and atopy, but the mechanisms are unclear.

Objective The purpose was to evaluate serum concentrations of soluble intercellular adhesion

molecule-1 (sICAM-1), CD14, IgE, IL-5 and IFN-g in children 6–10 years after an RSV infection

and their correlation with subsequent asthma and atopy.

Methods Fifty-one subjects admitted to hospital for RSV infection during the first year of life and

controls matched for birth date and sex underwent clinical examinations including lung function,

skin prick and blood tests.

Results The RSV subjects had significantly higher serum concentrations of IFN-g and sICAM-1

than the controls (for IFN-g 224.9 pg/mL (standard deviation (SD) 271.3) vs. 187.1 pg/mL (372.9),

difference 37.8pg/mL, 95% confidence interval (CI) � 90.3 to 166.0, P5 0.05; for sICAM-1

170.2 ng/mL (SD 63) vs. 147.8 ng/mL (SD 57), difference 22.4 ng/mL, 95% CI � 1.4 to 46.1, P5

0.04). The RSV subjects with asthma had significantly higher concentrations of IFN-g than the controls

with asthma, and the RSV subjects with wheezing during the previous 12 months had significantly

higher concentrations of both IFN-g and sICAM-1 than the controls with wheezing.

Conclusions Children hospitalized for RSV infection in infancy still differ in IFN-g and sICAM-1

production 6–10 years after the infection. The data suggest that the pathomechanism of asthma and

wheezing after an early RSV infection may be different from that of children without an early RSV

infection.
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Introduction

Respiratory syncytial virus (RSV) infection is often the first
significant respiratory infection among children, nearly all of
whom contract it by the age of 2 [1]. It has been thought to
influence the development of recurrent wheezing and atopy, but
the mechanisms for this are not well known [2–4]. It is possible
that an underlying allergic predisposition or some other
genetically regulated mechanism may affect the type of immune
response induced during the infection and its severity [5, 6].
IFN-g, produced by mononuclear cells, is an important

component of the early cellular response to RSV, although
the levels of T-helper type 2 (Th2)-type cytokines have also
been found to be up-regulated in many studies [7–9]. IFN-g
may also be important in the pathogenesis of virus-induced
wheezing, possibly through the induction of leukotriene
release [10]. Th2-type cytokines, especially IL-5 and con-
comitant eosinophils, have been thought to play a major role
in asthma and airway hyper-responsiveness (AHR), but there

are also studies in which IFN-g levels have been elevated in
bronchoalveolar lavage (BAL) samples from asthmatic
children [11–13]. In a mouse model of allergic asthma, IFN-
g antibodies abolished the development of airway hyper-
reactivity in ovalbumin (OVA)-challenged mice [14].
Soluble intercellular adhesion molecule-1 (sICAM-1) is

important for eosinophil and neutrophil adhesion and may be
pivotal for the pathogenesis of AHR and asthma [15]. IFN-g
induces ICAM-1 production, which can also be induced
directly by RSV [16]. Up-regulation of the ICAM-1 gene in
the airway epithelial cells during an acute paramyxoviral
infection has been shown in a mouse model to be associated
with inflammation and hyper-reactivity [17]. Elevated levels
of sICAM-1 in serum might even be a marker of persistent
airway inflammation, as seen in children with asthma even
when symptom free [18].
CD14 has been shown to act as a receptor for RSV [19].

There is a promoter polymorphism in the gene CD14, which
associates with atopy and IgE production and the concentra-
tion of soluble CD14 (sCD14) in the serum [20].
We evaluated sICAM-1, sCD14, IgE and cytokine IL-5 and

IFN-g concentrations in a follow-up study of children
admitted to hospital because of an RSV infection during
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their first year of life and controls matched for sex and date of
birth. The results were also correlated with the occurrence of
airway hyper-reactivity, atopic diseases and sensitization in
the subjects and controls. Our hypothesis was that children
experiencing a severe RSV infection in early infancy may
either have been selected by the virus because of differences in
their immunological parameters or else the infection may
have changed their immune response permanently so that
they still differ from the controls years after the infection in
terms of their immune response and/or hypersensitivity.
These differences may also affect the development of
subsequent atopy and asthma.

Materials and methods

We enrolled to the original material all the 117 children who
had been admitted to Oulu University Hospital between 1991
and 1994 because of an RSV infection during their first year
of life and in whom RSV had been confirmed either with an
ELISA antigen or by the latex agglutination test. Children
born prematurely (o 37 gestational weeks), those with a need
for respiratory assistance 46 h during the neonatal period
and those with a concomitant disease such as congenital heart
disease, chromosome abnormality, or severe neurological
disease were excluded (n5 30). The children were invited to
participate in the current survey 6–10 years after the infection,
and 51 (30 females, mean age 7.8 years (range 6.9–10.3))
agreed to participate. A detailed study profile and an account
of the means of selecting the controls, matched for sex and
date of birth, are described elsewhere [21]. The follow-up visit
included a clinical examination, lung function tests and skin
prick tests (SPTs) with 15 common allergens, and also blood
tests to determine the serum concentrations of IgE, IL-5,
IFN-g, sCD14 and sICAM-1.
The definitions of symptoms and diagnoses of atopic

diseases were based on the questions used in the International
Study of Asthma and Allergic disease in Childhood (ISAAC)
[22]. In cases where asthma was suspected because of
recurrent wheezing or chronic cough, the child was examined
further by an independent paediatric allergologist. Those
diagnosed as having asthma were classified accordingly. A
family history of atopic diseases was also recorded.

The protocols for the skin prick testing and lung function
tests are described elsewhere [21].

Cytokines and CD14

IgE concentrations were determined by the laboratory’s
routine methods. Serum samples stored at � 20 1C were
measured for IFN-g, IL-5, sCD14 and sICAM-1 levels with
commercial EIA tests (IFN-g; R&D, sCD14 and sICAM-1;
HyCult Biotechnology, Uden, The Netherlands). The lower
detection limits were 120pg/mL for IFN-g, 1mg/mL for
sCD14 and 63ng/mL for sICAM-1.

Statistical analysis

The data were analysed with SPSS for Windows version
11.0. w2-test, Fisher’s exact test and theMann–WhitneyU-test
were used to test the significances of differences between
the groups. The Spearman rank correlation was used
to determine the correlations between concentrations. The
difference between two correlation coefficients was tested as
described by Snedecor and Cochran [23]. Logistic regression
analysis was used to analyse the influence of RSV infection
and a family history of asthma and allergy on the occurrence
of asthma and atopic diseases. Odds ratios (ORs) and 95%
confidence intervals (CIs) were calculated. We decided not to
use paired tests, since the RSV subjects and controls were
matched only for their date of birth and sex.

Ethical considerations

The study protocol was found acceptable by the Ethical
Committee of Oulu University Hospital. The parents gave
their written informed consent.

Results

There was a small but significant difference between the RSV
subjects and controls in their age at the time of examination,
caused by the duration of the selection process (Table 1).
There were no significant differences in the other demo-
graphic and background variables.

Table 1. Demographic characteristics of the RSV subjects and controls

RSV subjects

(n5 51)*
Controls

(n5 51)*
Difference between the

groups (95% CI)w

Age at examination (years): mean (range) 7.8 (6.9–10.3) 8.0 (7.1–10.3) �0.20 (�0.58 to 0.18)w

No. of siblings: mean (range) 4.04 (0–16) 3.00 (0–14) 1.04 (�0.31 to 2.38)w

No. of acute otitis media episodes: median (range) 7.0 (0–20) 4.0 (0–20)

Duration of breastfeeding; months: mean (range) 6.45 (0–19) 7.98 (2.5–24) �1.53 (�3.35 to 0.29)w

Mother smoking during pregnancy: no. (%) 5 (10) 10 (20) �10% (�24 to 4)z
Smoking in the household during the previous year: no. (%) 23 (45) 17 (33) 12% (�7 to 3)z
Pets at home at the time of the examination: no. (%) 18 (35) 27 (53) �18% (�36 to 2)z
Type of day care at 1–2 years of age: no. (%), home 44 (88) 40 (78) 10% (�3 to � 23%)z

CI, confidence interval.
*n5 48 among the respiratory syncytial virus (RSV) subjects and 50 among the controls for the number of acute otitis media episodes, n5 49 for duration of

breastfeeding among the RSV subjects and n5 50 in the RSV subjects for type of day care at 1–2 years because of missing information.

wBy Student’s t-test.

zDifference in proportions.
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The occurrence of asthma was slightly higher among the
RSV subjects than the controls, but the difference was not
significant (Table 2). No significant differences in the results
of the lung function tests or in the use of medication were
found between the RSV subjects and controls with either
asthma or wheezing during the previous 12 months (data not
shown), nor were there any differences in the occurrence of
other atopic diseases. Eight percent of the RSV subjects had
at least one positive SPT, compared with 43% of the controls
(difference � 35%, 95% CI � 50% to � 19%, Po0.0001).
No significant differences were found in the family history of
asthma and/or atopy.
The mean serum concentration of IFN-g was significantly

higher among the RSV subjects (Table 3) and this cytokine
was more often detectable in these (16 out of 51) than in the
controls (eight out of 51). The mean sICAM-1 concentration
was also significantly higher in the RSV subjects, but no
differences in sCD14 or IgE concentrations were found
between the groups, and IL-5 was not detectable in any of the
samples. There was a significant correlation between the
serum concentrations of IFN-g and sICAM-1 among both
the RSV subjects and the controls (r5 0.680, Po0.001 and
r5 0.284, P5 0.044, respectively), but the concentration of
sCD14 showed no correlation with either IFN-g or sICAM-1.
We found no significant differences in IgE concentrations

between the RSV subjects and controls with asthma
(difference � 155kU/L, 95% CI � 405 to 96kU/L), wheez-
ing during the previous 12 months (difference � 249kU/L,
95% CI � 573 to 76kU/L), allergic rhinitis (AR) (difference
� 235kU/L, 95% CI � 881 to 411kU/L), atopic dermatitis
(difference � 20kU/L, 95% CI � 181 to 140kU/L) or at
least one positive SPT (difference � 159 kU/L, 95% CI � 533
to 215kU/L).
IFN-g was detectable in five RSV subjects with asthma

(n5 15 ) and six with wheezing during the previous 12 months

(n5 13) but in none of the controls with asthma (n5 11) or
wheezing (n5 13) (Table 4). The mean IFN-g concentration
in the RSV subjects with or without asthma (174.7 vs. 245.9,
P5 0.98) or with or without wheezing during the previous 12
months (335.1 vs. 187.3, P5 0.15) showed no significant
difference. IFN-g was undetectable in all the samples from
RSV subjects (n5 3) and controls (n5 8) with AR and in all
four RSV subjects and 19 out of the 22 controls with at least
one positive SPT. No significant differences in the concentra-
tions of IFN-g were found between the RSV subjects and
controls with atopic dermatitis (difference 186.8 pg/mL, 95%
CI � 23.4 to 396.9 pg/mL).
No significant differences in sCD14 concentrations were

found between the RSV subjects and controls with either
asthma (difference � 0.08mg/mL, 95% CI � 0.4 to 0.3mg/
mL), wheezing during the previous 12 months (difference
� 0.2mg/mL, 95% CI –0.5 to 0.2mg/mL), AR (difference
0.2mg/mL, 95% CI � 0.7 to 1.0mg/mL), atopic dermatitis
(difference � 0.04mg/mL, 95% CI � 0.3 to 0.3mg/mL) or
at least one positive SPT (difference � 0.2mg/mL, 95% CI
� 0.3 to 0.7mg/mL).
SICAM-1 concentrations were significantly higher in the

RSV subjects with wheezing during the previous 12 months
than in the corresponding controls (mean 199.2 ng/mL, SD
96.7 vs. 127.9 ng/mL, SD 47.7, P5 0.026, difference 71.3 ng/
mL, 95% CI 9.6 to 133.0 ng/mL), the difference being most
pronounced among the children with wheezing and negative
SPTs (difference 95 ng/mL, 95% CI 16.5 to 174.2 ng/mL,
P5 0.007). The mean ICAM-1 concentration in the RSV
subjects with or without asthma (161.1 vs. 173.9 ng/mL,
P5 0.93) and with or without wheezing during the previous
12 months (199.2 vs. 160.2, P5 0.19) did not differ
significantly and neither did sICAM-1 concentrations be-
tween the RSV subjects and controls with either a diagnosis
of asthma (difference 23.8 ng/mL, 95% CI � 8.5 to 56.0 ng/
mL), AR (difference � 0.6 ng/mL, 95% CI � 67.3 to 66.2 ng/
mL) or at least one positive SPT (difference � 18.3 ng/mL,
95% CI � 61.6 to 25.1 ng/mL). The RSV subjects with atopic
dermatitis had significantly higher sICAM-1 concentrations
than the corresponding controls (mean 179.1 ng/mL, SD 61.2
vs. 136.7 ng/mL, SD 28.8, P5 0.044, difference 42.3 ng/mL,
95% CI 9.3 to 75.4 ng/mL).
In the logistic regression analysis, RSV infection was found

to be associated with a decreased risk of at least one positive
SPT (OR 0.1, 95% CI 0.04 to 0.4, Po0.001), and together
with a positive family history of asthma and/or atopy with an
increased risk of asthma (OR 2.8, 95% CI 1.1 to 7.0,
P5 0.03). A family history of asthma and/or allergy alone
was associated only with an increased risk of atopic
dermatitis (OR 6.5, 95% CI 1.4 to 29.6, P5 0.016).

Table 2. Asthma and atopy among the subjects and controls; symptoms and

diagnoses, no. (%)

RSV subjects

(n5 51)

Controls

(n5 51)

Odds

ratio 95% CI P-value*

Asthma 15 (29) 11 (22) 1.52 0.62 to 3.72 0.36

Wheezing during the

previous 12 months

13 (26) 13 (26) 1.00 0.41 to 1.44 1.00

Allergic rhinitis 3 (6) 8 (16) 0.34 0.08 to 1.35 0.20

Atopic dermatitis 15 (29) 18 (35) 0.76 0.33 to 1.76 0.53

At least one positive

skin prick test

4 (8) 22 (43) 0.11 0.04 to 0.36 o0.001

RSV, respiratory syncytial virus; CI, confidence interval.
*By w2-test (Fisher’s exact test, when no5).

Table 3. Concentrations of S-IgE, IFN-g, soluble CD14 and ICAM-1 in the serum of the RSV subjects and controls

RSV subjects

(n5 51) Controls (n5 51) Difference 95% CI P *

S-IgE (kU/L): mean (SD) 119.2 (176.7) 244.1 (343.2) � 124.9 � 232.1 to �17.6 0.17

IFN-g (pg/mL): mean (SD) 224.9 (271.3) 187.1 (372.9) 37.9 � 90.3 to 166.0 0.05

Soluble CD14 (mg/mL): mean (SD) 1.84 (0.42) 1.83 (0.40) 0.01 � 0.1 to 0.2 0.8

Soluble ICAM-1 (ng/mL): mean (SD) 170.0 (63) 148.0 (57) 22.3 � 1.4 to 46.1 0.04

RSV, respiratory syncytial virus; ICAM-1, intercellular adhesion molecule-1; CI, confidence interval, SD, standard deviation.
*By Mann–Whitney U-test.
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Discussion

Our main finding was that children hospitalized for RSV
infection early in infancy still had significantly higher serum
concentrations of a Th1-type cytokine, IFN-g, and of
sICAM-1 than controls matched for birth date and sex
6–10 years after the infection. There was a close correlation
between the concentrations of IFN-g and sICAM-1 in the
RSV subjects, while the correlation was weaker, although
still significant, in the controls. Our results indicate that
RSV infection may be capable of identifying children
genetically pre-determined to produce high amounts of
IFN-g and sICAM-1 and thus having a tendency to wheeze
during viral respiratory infections. With our set-up, how-
ever, we cannot exclude the possibility that an early RSV
infection may induce long-term immunomodulatory changes
in the lymphoregulatory system, as seen from the rises in
IFN-g and sICAM-1. We found no measurable IL-5 in the
serum of RSV subjects, but as we measured the cytokine
concentrations only in the serum and did not perform any up-
regulation studies on the airway mucosa, there remains a
possibility that some local up-regulation of IL-5 could have
been induced [15].
Both increased and decreased IFN-g production has been

reported during an acute RSV infection [8, 9, 14, 24–28], as
detected in either nasopharyngeal, BAL or serum samples or
blood mononuclear cells. In some studies the youngest and
often prematurely born children had the most severe
infection, with a lower concentration of IFN-g than the
healthy controls or subjects with upper respiratory infections
[8]. By contrast, children with a milder disease, although still
severe enough to lead to wheezing and hospitalization, had
elevated levels of IFN-g [25, 27]. Our RSV subjects had had a
moderate infection, because there was only one who had
required mechanical ventilation, yet they were still IFN-g
producers. On the other hand, the asthmatic controls had
different amounts of IFN-g from those of asthmatic RSV
subjects, suggesting that IFN-g may not have been as
important for wheezing or asthma among the RSV subjects
as among the controls. The fact that IFN-g induces ICAM-1
production most probably explains the significant correlation
between them [17].

There are few studies on the long-term effects of the
immune response after RSV infection. Pala et al. [29] studied
children admitted at less than 12 months of age for an
infection at a mean age of 7.5 years and found a higher
frequency of IL-4-secreting T cells in the peripheral blood in
response to stimulation with RSV than in controls, but their
methods differed considerably from ours, as we measured
only spontaneous secretion of cytokines and not stimulated
secretion. The Th2-type cytokine IL-5 was undetectable in all
our samples.
IFN-g was undetectable in all our controls with asthma, but

was detectable in five out of 15 RSV subjects with asthma.
The fact that none of these five had any positive SPTs
suggests a non-atopic mechanism. Increased levels of sICAM-
1 and IFN-g have been found in asthmatic children and
children with recurrent wheezing, with the highest levels of
sICAM-1 in cases with a severe disease [13]. Our RSV
subjects with wheezing during the previous 12 months had
significantly higher concentrations of both IFN-g and
sICAM-1 than the controls with wheezing, with the highest
concentrations of sICAM-1 occurring in the RSV subjects
with both wheezing and negative SPTs. These findings may
suggest differences in the mechanisms by which asthma and
wheezing are mediated in children with and without an early
RSV infection. No differences were found between the
asthmatic RSV subjects and controls in their use of medica-
tion or in the results of lung function tests.
Our finding of more positive SPTs in the controls than in

the RSV subjects may be related to the fact that the controls
were selected at random from the general population and thus
represent an unselected series of children. Similar sensitiza-
tion rates have been reported in other Finnish studies [30, 31].
A similar negative association between RSV infection and
SPT positivity has been reported on one occasion previously,
while in most other cases equal or higher-than-expected
incidences have been reported [32, 33]. We found no
difference in the concentrations of sICAM-1 and IFN-g
between the RSV subjects and controls with positive SPTs.
The RSV subjects with atopic dermatitis had significant-
ly higher sICAM-1 concentrations than the controls. A close
correlation has been found elsewhere between sICAM-1 and
the severity of atopic dermatitis, but we did not evaluate the
severity aspect here [34].
In conclusion, the association between RSV infection,

recurrent wheezing and the development of atopy remains
unclear. Although we suggest that RSV identifies children
with a tendency to wheeze, it may induce an immune
deviation affecting subsequent immune responses in these
children. Our RSV subjects had less atopy as measured by
positive skin prick tests and a higher concentration of the
Th1-type cytokine IFN-g.
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Table 4. Concentrations of IFN-g (pg/mL) in serum of the RSV subjects and

controls with asthma or atopy

RSV subjects* Controls*

Pwmean (SD) mean (SD)

Asthma 174.7 (101.1) 120 (0) 0.04

Wheezing during the

previous 12 months

335.1 (445.7) 120 (0) 0.007

Atopic dermatitis 320.0 (435.9) 133.2 (44.2) 0.08

At least one positive

skin prick test

120 (0) 131.4 (48.9) 0.4

SD, standard deviation.
*n5 15 for respiratory syncytial virus (RSV) subjects and n5 11 for controls

with asthma, n5 13 for RSV subjects and controls with wheezing during the

previous 12 months, n5 15 for RSV subjects and n5 18 for controls with

atopic dermatitis, n5 4 for RSV subjects and n5 22 for controls with at least

one positive skin prick test.

wBy Mann–Whitney U-test.
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