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Respiratory Syncytial Virus Causes
Increased Bronchial Epithelial
Permeability*

Muna M. Kilani, MD; Kamal A. Mohammed, PhD†; Najmunnisa Nasreen, PhD†;
Joyce A. Hardwick, BA; Mark H. Kaplan, PhD; Robert S. Tepper, MD, PhD; and
Veena B. Antony, MD†

Background: Respiratory syncytial virus (RSV)-induced diseases are mediated through active
cytokines released during infection. We hypothesized that RSV infection causes bronchial
epithelial monolayer permeability in vitro via induction of vascular endothelial growth factor
(VEGF).
Methods: Human bronchial epithelial cells were infected with RSV. In some cultures, VEGF
antibody was included to block VEGF response; in other cultures, palivizumab was added to block
RSV infection. Permeability was assessed in real-time using electric cell-substrate impedance
sensing. VEGF release was assessed using enzyme-linked immunosorbent assay. Gap formation
was assessed using live cell imaging.
Results: RSV-infected cells demonstrated a decrease in the resistance of the monolayer indicating
an increase in permeability; this increase was blocked with VEGF-specific antibody, and
palivizumab. Intercellular gap formation developed in RSV-infected epithelial monolayers.
Conclusion: RSV increases permeability of the bronchial airway epithelial monolayer via VEGF
induction. (CHEST 2004; 126:186–191)

Key words: edema; electric cell-substrate impedance sensing; respiratory syncytial virus; vascular endothelial growth
factor

Abbreviations: ECIS � electric cell-substrate impedance sensing; ELISA � enzyme-linked immunosorbent assay;
HBEpC � human bronchial epithelial primary cell; MOI � multiplicity of infection; RSV � respiratory syncytial virus;
VEGF � vascular endothelial growth factor

R espiratory syncytial virus (RSV) is the most com-
mon cause of lower respiratory tract infections in

children worldwide.1 RSV-infected epithelial cells help
to initiate antiviral immune responses and airway in-

flammation that may lead to airway obstruction.2 RSV
infection accounts for � 70% of all cases of infantile
bronchiolitis, and has been linked to subsequent
asthma or reactive airway disease, either directly or
through a shared common predisposition.3 It is also
recognized as a major cause of morbidity and mortality
in immunodeficient patients.4,5 RSV causes an esti-
mated 31 bronchiolitis-associated hospital admissions
per year per 1,000 children � 1 year old.6 RSV is a
labile paramyxovirus that produces a characteristic fu-
sion of human cells in tissue culture known as the
syncytial effect. Two subtypes, A and B, have been
identified. Subtype B is characterized as the asymptom-
atic strain of the virus that the majority of the popula-
tion experience. The more severe clinical illnesses
involve subtype A strain, which tend to predominate in
most outbreaks.7
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