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The mechanisms of migration of neutrophils into the airway lumen are crucial in the development of airway injury
of acute bronchiolitis and are mediated by adhesion molecules. In this study, we have attempted to evaluate the
role of serum concentrations of the soluble form of intercellular adhesion molecule-1 (sICAM-1) in the disease
activity in acute bronchiolitis and in respiratory syncytial virus (RSV) infection. Circulating levels of sICAM-1 in sera
from 10 normal control subjects, and from 47 hospitalized acute bronchiolitis patients at admission, and from 25
patients on the day of discharge were determined by use of commercially available enzyme-linked immunosorbent
assay kits. The mean serum level of sICAM-1 in bronchiolitis patients was significantly higher than in the 10 healthy
control infants (345.8 ± 99.7 µg/mL vs 237.1 ± 81.7 µg/mL; p<0.05). However, the mean sICAM-1 concentration
was similar between RSV-positive and RSV-negative patients (337.5 ± 99.6 µg/mL vs 350.9 ± 101.1 µg/mL;
p=0.65). Although the mean clinical severity score of RSV-positive patients was significantly higher than that of
RSV-negative patients (5.94 ± 1.83 vs 3.48 ± 1.70; p<0.05). The improvement of clinical severity score was not well
correlated with the change of sICAM-1 level (r=0.22). This study provides evidence that serum levels of sICAM-1
are increased in acute bronchiolitis and further confirms the role of adhesion molecules involved in the pathogenesis
of the disease. However, the serum concentrations of the soluble adhesion molecules could not reliably reflect the
clinical severity of the disease.
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Bronchiolitis is an acute communicable disease
predominantly presenting in infancy and characterized
by cough, coryza, fever, expiratory wheezing, grunting,
tachypnea, retractions and air-trapping. It clearly
has been established that respiratory syncytial virus
(RSV) is the major cause of bronchiolitis in infancy,
and virtually the only etiological consideration when
the disease is epidemic [1]. During epidemics in
the colder months, virologic study indicates an RSV
etiology in 80% or more of the cases, and especially
in severe cases [2]. It has been reported that neutrophils
and their products are likely to have an important role
in the various clinical and pathological changes
occurring in RSV infections of the airways.
The mechanisms of migration of neutrophils into
the respiratory tissues and the airway lumen are crucial
in the development of airway injury and are mediated
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by adhesion molecules and cytokines. However, the
process is not well characterized [3,4], especially in
RSV bronchiolitis. Given the large number of airway
neutrophils in RSV disease, we hypothesized that
RSV infection could increase the expression of
adhesion molecules on neutrophils and the vascular
endothelium, and the subsequent serum levels would
be altered according to the disease severity. The main
purpose of this study is to investigate the role of soluble
intercellular adhesion molecule-1 (sICAM-1) in acute
bronchiolitis and whether or not sICAM-1 could be a
prognostic indicator of hospitalized acute bronchiolitis
children.

Materials and Methods
From October 2001 to June 2002, 47 infants between
1 and 24 months of age (median, 14 months) who were
admitted to the pediatric ward of Taipei Veterans General
Hospital, and diagnosed with acute bronchiolitis,
were enrolled into this study. Eighteen patients were
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Cytokine assays
sICAM-1 found in serum was measured by
commercially available sandwich enzyme immunoassay
(R&D systems, Minneapolis, MN, USA). The serum
samples were diluted 1:20 before the assay was
performed. Plates were read at 450 nm in a microplate
reader. Duplicate assays were performed for serial
dilutions of each sample and the average value was
recorded.

Statistical analysis
All results are reported as mean ± SD. We used Student’s
t test to compare the initial sICAM-1 levels between
the groups (RSV-positive, RSV-negative, control). A p
value less than 0.05 was considered as statistically
significant. Besides, we used simple linear correlation
method to identify the relationship between initial
sICAM-1 and CRP levels, initial sICAM-1 and clinical
severity at admission, and compared the changes of
sICAM-1 levels and clinical severity between the first
day and the last day of the admission. The correlation
coefficient was expressed as r.
154

Results
Serum levels of sICAM-1 at admission
The serum levels of sICAM-1 in acute bronchiolitis
patients (345.8 ± 99.7 µg/mL) were significantly higher
than those in the 10 healthy control infants (237.1 ±
81.7 µg/mL; p<0.05). Both the serum levels of
sICAM-1 in RSV-positive bronchiolitis patients (337.5
± 99.6 µg/mL) and RSV-negative bronchiolitis patients
(350.9 ± 101.1 µg/mL) were significantly higher than
those in the control infants (p<0.05). However, the mean
sICAM-1 concentrations was similar between RSVpositive and RSV-negative patients (p=0.65).

Correlation between serum levels of sICAM-1
and clinical severity
At admission, the serum sICAM-1 level showed a weak
negative correlation with the clinical severity score
(r=-0.17), and the improvement of clinical severity score
was not well correlated with the change of sICAM-1
level (r=0.22). In other words, the clinical severity scores
in patients were much improved at discharge, but the
sICAM-1 level did not have a similar decreased trend
corresponding, as shown by the scatter diaphragm
(Fig. 1). Although the clinical severity score of the
RSV-positive patients (5.94 ± 1.83) was significantly
higher than that of the RSV-negative patients
(3.48 ± 1.70; p<0.05), the serum sICAM-1 level of the
RSV-positive patients was not greater than that of
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RSV-positive and 29 patients were RSV-negative. The
RSV antigens were detected from an aliquot of
nasopharyngeal aspirates (NPAs) by enzyme-linked
immunosorbent assay (ELISA). The infants were healthy
until the time of infection, and all had a moderate
infection with coughing, wheezing, and tachypnea. A
healthy control group of 10 infants aged between 3 and
24 months (median, 18 months), who had required
blood tests before minor surgery (hernia repair) was
selected.
Blood samples were taken on the first day of
admission from all patients and the control group, and
on the discharge day from 25 patients (13 RSV-negative,
12 RSV-positive), whose parents had consented for
blood samples collection. C-reactive protein (CRP)
was measured in all patients initially at admission,
from blood samples by using commercially available
immunonephelometry (Behring, San Jose, CA, USA).
Then the remaining sera were stored at -70ºC until
assay. All patients had their disease severity recorded
on the first day and the last day of the hospital stay
according to the following parameters: respiratory
rate, wheezing, use of accessory muscle, cyanosis. The
severity of each symptom was rated on a 4-point scale
as follows: 0 = none, 1 = mild, 2 = moderate, 3 = severe,
and the sum of each severity item was calculated as
the clinical severity score during the study.
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Fig. 1. Scatter of serum concentrations of soluble intercellular
adhesion molecule-1 (sICAM-1) in infants or children with an
acute bronchiolitis at admission and before discharge, and in
10 healthy control subjects.
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Table 1. sICAM-1 serum levels and clinical severity score in
RSV-positive and RSV-negative bronchiolitis patients

RSV-positive
RSV-negative

sICAM-1a

Clinical severity score

337.5 ± 99.6
350.9 ± 101.1

5.94 ± 1.83b
3.48 ± 1.70

Abbreviations: sICAM-1 = soluble intercellular adhesion
molecule-1; RSV = respiratory syncytial virus
aData are expressed as mean ± SD in µg/mL.
bSignificantly different between RSV-positive and RSV-negative
patients (p<0.05).

the RSV-negative patients as mentioned above
(Table 1). Therefore, sICAM-1 was not a clinical severity
prognostic factor in this study.

Correlation between serum levels of sICAM-1
and CRP
At admission, the serum sICAM-1 level showed weak
correlation with the CRP (r=0.36). Serum sICAM-1 was
not a severity indicator in this study.

Discussion
Our results show that the serum sICAM-1 concentrations
of acute bronchiolitis patients were upregulated
compared with those of normal control groups.
Furthermore, the clinical severity of RSV bronchiolitis
is significant greater than non-RSV bronchiolitis.
However, there is no significant difference in soluble
adhesion molecule expression between RSV-positive
and RSV-negative bronchiolitis patients.
sICAM-1 has been reported in serum [5],
cerebrospinal fluid [6] and bronchoalveolar lavage [7].
There are few studies showing the relationship between
ICAM-1 and bronchiolitis [8-10]. Wang et al [8]
presented the first report on the upregulation of murine
ICAM-1 (mICAM-1) on neutrophils in viral infection
in vivo that mICAM-1, Mac-1 expression on neutrophils
from peripheral blood (PB) of RSV-positive infants is
increased compared with cells from PB of normal control
infants, and mICAM-1, Mac-1 on neutrophils from
RSV-positive nasopharyngeal aspirates is upregulated
compared with cells from PB of RSV-positive infants.
There was also no significant difference in adhesion
molecule expression in RSV-positive and RSV-negative
PB and NPA groups. The results were similar to this
study, except that we used sICAM-1 for our study target.
A recent study [9] showed that neutrophils can
augment the epithelial damage and detachment
induced by RSV infection. Thus, RSV infection might

enhance the disease activity more than non-RSV
infected bronchiolitis. Our data supported the above
speculation that there was greater severity in RSVpositive bronchiolitis.
In some studies, serum concentration of sICAM-1
could reflect the disease activity or clinical severity.
In asthma studies, serum levels of sICAM-1 were
significantly decreased after 6 weeks of montelukast
treatment [11] and after 1 week of acute exacerbation
[12] in children with mild to moderate atopic asthma.
However, there has been no similar report of acute
bronchiolitis before. Our data showed that the correlation
of clinical severity and sICAM-1 was poor in acute
bronchiolitis.
Furthermore, we arbitrary used the sum of 4 items
of severity as the clinical severity score. However, each
item does not show an equal contribution to clinical
severity, indeed. For example, it is more severe in fact
if the patient has cyanosis or crackles [13]. Akimoto et
al [14] found that strenuous exercise could increase the
expression of serum sICAM-1 through the increased
expression in myocytes and muscle damage. Irritable
crying in some infants could influence to some extent
the serum sICAM-1 level.
Saijo et al [15] showed that the concentrations of
CRP in RSV lobar pneumonia cases were significantly
greater than those in RSV bronchiolitis; there were no
significant differences in the white blood cell counts and
the CRP concentrations between the bronchiolitis and
bronchopneumonia cases and between the RSV-positive
and -negative cases. These results suggest that RSV lobar
pneumonia cases are coinfected with some bacterial
organisms more heavily than in the RSV bronchiolitis
and bronchopneumonia cases. CRP was not correlated
with RSV-infected bronchiolitis. Our data showed
that serum sICAM-1 levels were not significantly
correlated with the CRP (r=0.36) or the clinical severity
at admission. This implies that the CRP level could not
reflect the disease severity in bronchiolitis, nor did the
serum sICAM-1 levels in viral bronchiolitis.
In conclusion, we have demonstrated the rise of
sICAM-1 serum levels in acute bronchiolitis. This finding
confirms the role of adhesion molecules associated with
the infection or inflammation stimuli of bronchiolitis
in contributing to the pathogenesis of bronchiolitis.
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