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ABSTRACT: The aim of this study was to determine whether interleukin (IL)-8 is
released within the upper respiratory tract of infants during respiratory syncytial
virus (RSV) bronchiolitis and whether the large number of polymorphonuclear
neutrophils (PMNs) present in the respiratory tract of these infants are contributing to
the inflammation through release of inflammatory mediators.

Twenty-seven infants with acute bronchiolitis were recruited during one winter
epidemic and 20 infant control subjects were recruited from a cohort participating in
a community-based vaccine study. Samples of airways fluid were obtained using nasal
lavage. The lavage fluid was spun to remove the cells, and the supernatant was stored
at -708C. The supernatants were subsequently assayed for the presence of IL-8, total
human neutrophil elastase (HNE) and neutrophil elastase activity.

In the children with bronchiolitis compared with control infants, elevated levels of
IL-8 (median (range) 1.53 (0±153) versus 0 (0±5.6) ng.mL-1) HNE (136 (32±694) ver-
sus 14 (0±516) ng.mL-1) and elastase activity (4 (1±220) versus 1 (0±339) mU.mL-1)
were found.

These results indicate that interleukin-8 is released in the upper respiratory tract in
response to respiratory syncytial virus infection and suggest that polymorphonuclear
neutrophil products are playing an important role in the inflammatory response to
respiratory syncytial virus infection in infants with acute bronchiolitis. This contrasts
with the predominantly eosinophilic response evident in atopic upper and lower
respiratory tract disease.
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Respiratory syncytial virus (RSV) bronchiolitis is the
commonest form of lower respiratory tract disease in
infancy [1±4]. Despite intensive efforts over the past 30
yrs, the nature of the inflammatory process within the
respiratory tract of infants with RSV bronchiolitis has not
been clearly characterized. Many have speculated that
there is a distinct immunopathological process present in
the airways of infants with RSV bronchiolitis. However,
the same clinical picture can be induced by a number of
respiratory viruses and there is no evidence from the
human host that a specific immunopathology does lead to
the development of acute bronchiolitis in some infants
infected with the virus. Previous work from the authors'
group suggests that an intense neutrophil influx char-
acterizes the inflammatory process in the airways of these
patients and that the inflammatory response is similar in
nature to that observed in viral respiratory tract infections
differing only in its intensity and distribution.

The initial suggestion that there may be a specific
immunopathology was made >25 yrs ago and was based
on the observations that: the majority of infants are infected
with the virus during the first winter after their birth, but
only 0.5±2% of such infants develop bronchiolitis severe
enough to require hospitalization; the most severely af-
fected individuals with RSV bronchiolitis are generally <6

months of age; and the administration of a formalin in-
activated vaccine resulted in excess morbidity in immu-
nized infants [1±4]. A number of hypotheses have been
proposed since then and these have included the sug-
gestion that the immunopathology can be attributed to an
RSV specific immunoglobulin (Ig)E response; immune
complex disease; excessive cytotoxic CD8 activity; ex-
cessive CD4 activity; and the suggestion that an aberrant
T-helper 2 response with excessive eosinophil influx is
responsible [1±5]. Many of these have been supported by
experimental evidence using rodents as animal models.
However, these animals do not develop bronchiolitis or
other significant clinical respiratory symptoms [1] and it
is far from clear whether any of these results bear any
resemblance to the events occurring in the humans who
are the only natural host for the virus. The response in the
rodent is determined by the choice of rodent. There is
little direct evidence from studies in humans to support
any of these proposed mechanisms.

The authors' have recently demonstrated that neutro-
phils are present in large numbers in the airways of infants
with RSV bronchiolitis and represent >76% of all cells in
lavage fluid obtained from both the upper and lower
respiratory tract of these infants [6]. As a result, it is
hypothesized that this neutrophil response was likely to

Eur Respir J 1999; 14: 139±143
Printed in UK ± all rights reserved

Copyright #ERS Journals Ltd 1999
European Respiratory Journal

ISSN 0903-1936



be contributing significantly to the airways obstruction
through the release of inflammatory mediators that would
contribute to airways oedema, mucus secretion and
excessive airways fluid.

In vitro studies have shown that RSV infection of
airways alveolar macrophages [7] and epithelial cells [8±
11] stimulates these cells to release interleukin (IL)-8, a
potent neutrophil chemotactic factor. Furthermore, in-
fectious and inactivated RSV particles as well as RSV-
antibody complexes stimulate neutrophils to secrete IL-8
in vitro [11]. One group has reported elevated IL-8 levels
in serum of infants with RSV bronchiolitis [12]. The
effects of RSV infection on neutrophil function during
infection is unclear. In one study it was observed that
phagocytosis of RSV appeared to inhibit oxygen radical
production by neutrophils in response to various stimuli
[11], although a second study suggested that phagocytosis
of RSV complexes enhanced oxygen radical production
and arachadonic acid metabolism [13].

The purpose of this study was to determine whether IL-8
is produced in vivo within the airways of infants infected
with RSV and to try to clarify whether neutrophils are
contributing to the inflammatory process through the
release of inflammatory products such as human neutrophil
elastase (HNE).

Patients and methods

Samples of airways fluid were obtained by nasal lav-
age from 47 infants. Twenty-seven infants with acute
bronchiolitis were recruited from patients admitted to the
Sheffield Children's Hospital during the 1995±1996 winter
epidemic and 20 infant control subjects were recruited
from a cohort participating in a community-based vaccine
study. These were seasonally matched in that they were
recruited during the same epidemic period. Infants were
characterized clinically by coryza, cough, hyperinflation,
tachypnoea and widespread crepitation on auscultation
with or without wheeze [3].

Approval for this study was granted by the South
Sheffield Ethics Committee. Informed consent was ob-
tained from the parents of all the subjects.

Subjects

All the 27 inpatients were confirmed RSV-positive by
indirect immunofluorescence on nasopharyngeal aspirates
before they were recruited to the study. Their ages ranged
2±38 weeks (median 9 weeks). Three infants had been
born before 37 weeks gestation, two of whom were born
before 34 weeks. All were post-term at entry to the study.

The age range of the control group was 20±32 weeks
with a median age of 25 weeks. All had been born at 37
weeks of gestation or later.

None of the infants in either group had been ventilated
in the neonatal period and none had pre-existing cardiac or
respiratory disease.

Nasal washings

Nasal lavage was performed with the infant held in a
supine position. Two millilitres of phosphate-buffered
saline (PBS) were gently instilled into each nostril. This

was simultaneously suctioned back from the anterior nares
using a modified soft rubber 8 FG Argyle catheter
(Sherwood Medical, Tullamore, Ireland). The catheter was
attached to a standard mucus trap or suction collector
(Wallace Ltd, Colchester, Essex, UK), connected to suction
using a pressure 2.7±6.7 kPa (20±50 mmHg). Samples
were held on ice until arrival in the laboratory where the
lavage fluid was centrifuged at 3006g for 5 min. The
supernatant was separated from the pelleted cellular debris
and then stored separately at -708C.

Immunological determination of total neutrophil elastase

Neutrophil elastase was measured by an enzyme-linked
immunosorbent assay (ELISA). Plates were coated with
goat anti-HNE antibody (at a dilution of 1:1,000) overnight
at 48C. The rest of the assay was completed at room
temperature. Plates were washed in 10 mM phosphate
buffer, 137 mM NaCl, 0.1% bovine serum albumin (BSA),
0.1% Tween 20, pH 7.4, and then blocked with PBS
containing 1% BSA and washed again. Samples at a dilu-
tion of 1:10±1:100 and standard in the range of 0.1±500
ng.mL-1 elastase were added to the wells. a1-Antitrypsin
was present in the standard and sample diluent at 10
mg.mL-1 in PBS/0.1% BSA. This is sufficient to saturate
all the NE in the range of the standard curve. Plates were
gently shaken for 2 h, washed and goat anti-human a1-
antitrypsin±alkaline phosphate conjugate added to the
wells. After 1.5 h shaking, plates were washed and phos-
phate substrate (p-nitrophenyl phosphate disodium hexa-
hydrate, 1 mg.mL-1; Sigma 104, Sigma, Poole, UK) in
10% diethanolamine pH 9.8 was added. After 30 min,
plates were read at 405 nm (reference 490 nm), and the NE
levels in the samples determined from the standard curve.
Intra- and inter-assay variation was 12 and 5%, respec-
tively. The lower level of detection was 0.01 ng.mL-1.

Determination of neutrophil elastase activity

Samples were analysed for elastase activity using the
chromogenic substrate N-methoxysuccinyl-ala-ala-pro-
val-p-nitroanilide (Sigma) in a Tris-NaCl buffer (pH 7.5)
at 258C. Elastase activity was determined by the increase in
absorbance at 410 nm, expressed as U.mL-1 plotted against
a known standard. The lower level of detection was 0.05
mU.mL-1.

Interleukin-8 assay

An established in-house assay was used. The mono-
clonal capture antibody (10 mg.mL-1 TY1, HB 9647, a gift
from E.J. Leonard, Sandoz, Vienna, Austria) was used to
coat high binding poly-vinyl chloride (PVC) plates (Corn-
ing Costar, High Wycombe, UK) in carbonate/bicarbon-
ate buffer (pH 9.6) for 18 h at 48C, washed and blocked for
1 h. Plasma samples and standards (0±100 ng.mL-1 of
recombinant IL-8 (rIL-8) (a gift from C. Cashin, Roche
Research Centre, UK) were added and incubated for 3 h.
Wells were washed and incubated with polyclonal sheep
serum (a gift from A. Mire-Sluis, National Institute for
Biological Standards Control, UK) conjugated to biotin
(Pierce & Warriner, Chester, UK) (1:500) for 1 h. Wells
were washed and incubated with avidin/biotin conjugate
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(Pierce & Warriner) for 30 min. After washing substrate
solution containing Tris-HG (Sigma), p-nitrophenylphos-
phate (p-NPP; Sigma), MgCl2 (BDH-Merck, Poole, UK)
and CaCl2 (BDH-Merck) was added and plates read at
414 nm.

Tris buffer (pH 7.5) with 0.05% Tween-20 (Sigma) and
0.1% BSA (Advanced Protein Products, Brierly Hill, UK)
was used for all washes. Detection antibody, standards and
blocking steps were diluted with Tris buffer (pH 7.5) con-
taining 2% BSA. Incubations and blocking were at room
temperature. All samples were assayed in duplicate and IL-
8 concentrations calculated from a concurrent standard
curve. The lower limit of detection was 2 6 optical density
of wells which did not contain rIL-8 and was 205 pg.mL-1

(0 pg.mL-1 represents values below the lower level of
detection, i.e. <205 pg.mL-1).

Statistical analysis

The significance of apparent differences between the
study group and the control group were assessed using a
two-group, two-tailed Mann±Whitney nonparametric test
for non-normally distributed data.

Results

The concentrations of IL-8, HNE and NE activity in the
two groups are shown in figure 1.

A history of upper respiratory tract infection was sought
from parents of all the control infants at the time of the
nasal lavage. Four infants had symptoms of upper re-
spiratory tract infection with nasal discharge coryza and
cough. These are shown in figure 1. The virus responsible
for their symptoms was not known.

IL-8 was detected in all but one of the study group
(median (range) 1,530 (0±111,000) pg.mL-1). By contrast
IL-8 could only be detected in seven of 20 control subjects,
three of whom had symptoms (median (range) 0 (0±
56,000) pg.mL-1). The differences were highly significant
(p<0.0001).

The total HNE in the study group (median (range) 136
(32±694) ng.mL-1) was again significantly higher in the
control group (median (range) 14 (0±516) ng.mL-1) (p<
0.0002). NE activity was also significantly elevated in bron-
chiolitics (median (range) 4 (1±220) mU.mL-1) compared
with control subjects (median (range) 1 (0±339) U. mL-1)
(p#0.0028). The highest elastase activity was measured in
a symptomatic control subject who also had markedly
elevated concentrations of total elastase and IL-8 in nasal
washings. If those control subjects with upper respiratory
tract infections were excluded from the analysis the dif-
ferences were more significant, with that for free elastase
being p<0.0005.

Discussion

These results indicate that IL-8 is released in vivo within
the upper respiratory tract of infants with RSV bronch-
iolitis and that this is likely to play a major role in
promoting the intense inflammatory process evident within
the airways of infants with acute bronchiolitis through
recruitment of neutrophils. The authors have previously
shown that these cells are present in very large numbers in

the airways of infants with RSV bronchiolitis [6] and the
results from this study indicate that they make a major
contribution to the inflammatory process through release
of products such as NE. The release of inflammatory me-
diators such as HNE and oxygen radicals [13] by neutro-
phils is likely to contribute to the increased quantities of
mucus and airways fluid characteristic of the disease, and
hence they are likely to be playing a major role in the
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Fig. 1. ± Concentrations of interleukin (IL)-8 (a), total human neutro-
phil elastase (b) and elastase activity (c) in nasal lavage samples from
infants with respiratory syncytial virus bronchiolitis and control sub-
jects. Closed symbols amongst control subjects were four infants with
evidence of upper respiratory tract symptoms.
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causation of lower airways obstruction. Furthermore,
products such as free NE may have important effects on
the developing lungs through mechanisms such as stimu-
lating mucus and goblet cell hyperplasia or creating
structural changes that predispose these infants to further
problems. Consequently, these cells may make a signifi-
cant contribution to the considerable respiratory morbid-
ity experienced by patients in the years following acute
RSV bronchiolitis [1±4, 14].

It is now recognized that neutrophils play an important
role in viral respiratory tract infections. The importance of
their role in eliminating viral infection is unclear and
indeed they may have little or no effect in limiting viral
replication. However, there is evidence that they play an
important role in the causation of symptoms during re-
spiratory viral infections. Studies have demonstrated neu-
trophils in nasal lavage and mucosal biopsy samples from
individuals with upper respiratory tract infections [15±17].
More compelling is the observation that adult volunteers
experimentally infected with rhinovirus appear not to
develop symptoms, even in the presence of viral repli-
cation, unless there is an influx of neutrophils [18]. A
recent study has demonstrated elevated IL-8 levels in the
nasal secretions from children with asthma obtained
during viral respiratory tract infections. They also noted
that levels of the neutrophil product myeloperoxidase
(MPO) correlated with the severity of upper respiratory
tract symptoms [19], again indicating that neutrophils
play a role in the causation of respiratory tract symptoms
during viral infections.

In the present study, samples were obtained from the
respiratory tract of infants with acute bronchiolitis using a
nasal lavage technique. Previous lavage studies have
shown a similarity in profiles of samples obtained from the
upper and lower airways in a range of settings [20±23]
although this technique cannot be used in all conditions.
For example, there appears to be little correlation between
findings in lavage fluid obtained from the upper and
lower respiratory tract in cystic fibrosis [24] and neonatal
respiratory distress syndrome (A. Gibson, Jessop Mater-
nity Hospital, Sheffield, UK, personal communication).
However, previous studies by the authors found no dif-
ference in the pattern of inflammation noted in sam-
ples from the lower or upper airways of infants ventilated
for acute RSV bronchiolitis [6, 25] indicating that find-
ings obtained in samples from the upper airway do reflect
events within the lower airways of infants with RSV
bronchiolitis. Currently there is no evidence that the in-
flammatory process in the lungs of those with acute RSV
bronchiolitis differs significantly to that in the upper air-
way or indeed that the process differs in any respect other
than distribution within the airways from those infants
with RSV upper respiratory tract infections alone. It is
believed that this technique provides useful information
that is relevant to the process occurring within the lungs
of infants with bronchiolitis. Others have used this ap-
proach in infants infected with RSV [26±27].

Much is still to be learned about the effects of the RSV
on the host response. The receptors involved in viral
attachment have still not been identified and how the virus
prevents the host from establishing long-lasting effective
immunity has not been fully explained, although many
immunosuppresive effects have been identified [1±4]. As
noted above, the virus is not unique in its ability to induce

IL-8 production by infected epithelial cells and indeed
neutrophil influx is a feature of viral respiratory tract
infections. For respiratory viruses, the induction of neu-
trophilia within the airways is more advantageous to the
virus than the host. Neutrophil products will stimulate the
host to secrete mucus as well as induce sneezing and
coughing, all of which are important in transmission of
the virus. The annual influx of infants with bronchiolitis
attributable to RSV epidemics may simply reflect the
ability of the virus to prevent mothers developing ad-
equate immunity resulting in very high infection rates
amongst infants during their first winter. The infants seen
in hospitals represent a small proportion of those infected.
It is unlikely that the nature of the inflammatory response
in the airways of infants with bronchiolits is any different
to that seen in other infants with RSV upper respiratory
tract infections alone. The extent of the process is likely to
be influenced by factors such as infecting dose and titres
of passively acquired neutralizing titres. The well docu-
mented immunosuppressive properties of the virus [1±4]
results in low passively acquired protective neutralizing
antibody levels in many infants and is likely to contribute
to the extension of the inflammatory process from the
upper to lower airways. A unique immunopathological
mechanism is not required to explain these epidemics that
place such strains on paediatric services.

This study has shown that interleukin-8 levels were
significantly elevated in nasal secretions of infants with
acute bronchiolitis as compared with control subjects. The
study has also demonstrated elevated levels of neutrophil
elastase and elastase activity in the respiratory tract in
these patients. These results indicate that neutrophils are
contributing significantly to the airways inflammation of
infants with acute bronchiolitis in contrast to the pre-
dominantly eosinophilic response in atopic upper and
lower respiratory disease.
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