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ABSTRACT: Clarithromycin (CM) has been found to inhibit the production of the intercellular

adhesion molecule (ICAM)-1 and the secretion of interleukin (IL)-6 and IL-8, which may have

beneficial effects on the pathophysiological changes related to rhinovirus (RV) infection. The

effect of CM on RV infection in A549 cells was therefore investigated.

Cells were pre-treated with 1, 10 or 100 mM CM, either starting 3 days before infection and

continuing thereafter, or by addition at the time of infection. RV titre, as measured by culture on

Medical Research Council 5 cells, was reduced by CM, with the degree of reduction being greater

when CM was added 3 days before infection than when it was added at the time of infection.

CM treatment inhibited the RV-induced increase in ICAM-1 mRNA and protein, as well as the RV-

induced secretion of IL-1b, IL-6, and IL-8. These effects were greater in cells treated with 10 mM

than in those treated with 100 mM CM, and the maximum effect was observed 3 days after viral

infection. In contrast, secretion of IL-8 was not inhibited significantly when CM was added at the

time of viral infection.

The findings of this study suggest that, in A549 cells, clarithromycin inhibits the induction of

intercellular adhesion molecule-1 expression, cytokine elaboration, and viral infection.
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R
hinovirus (RV) infections are the most
common acute infectious illnesses in
humans, accounting for ,5–20% of acute

illnesses [1], including 50–60% of common colds.
RV infections are also important predispositions
for other common health problems, including
asthma attacks, sinusitis, and otitis media [2]. RV
enters the cytoplasm of airway epithelial cells
after binding either to its cell surface receptor,
intercellular adhesion molecule (ICAM)-1, or to a
low-density lipoprotein receptor [3]. Approxi-
mately 90% of .100 different RV serotypes bind
to ICAM-1 [4], and RV infection upregulates
ICAM-1 expression on airway epithelial cells,
thus facilitating further viral attachment and
entry [5, 6]. RV infection also induces the
hypersecretion of mucus [7], as well as the
increased expression and secretion of various
cytokines, including interleukin (IL)-1b, IL-6, IL-
8, IL-9, IL-11, and tumour necrosis factor-a [6–8].
The actions of these cytokines, either individually
or in combination, are likely to underlie the
clinical manifestation of RV infec-
tion [9].

Low-dose, long-term macrolide treatment has
been shown to be effective in managing chronic
airway diseases, such as diffuse panbronchiolitis
and chronic sinusitis [10–12]. These effects are

thought to be due to the anti-inflammatory
properties of macrolide antibiotics rather than
to their antibacterial properties. For example,
macrolide antibiotics have been found to inhibit
the production of ICAM-1, which is crucial in the
accumulation of immune effector cells at sites
of local inflammation [13]. Macrolide antibiotics
also inhibit the production of IL-6 and IL-8 by
respiratory epithelial cells [14, 15], and they
reduce the activation and chemotaxis of neutro-
phils [16]. These anti-inflammatory properties of
macrolide antibiotics may modulate the patho-
physiological changes related to RV infection.
Although one macrolide antibiotic, erythromycin,
has been reported to inhibit RV infection and
reduce RV-induced cytokine response [17], there
have been no studies on the in vitro effects of
clarithromycin (CM), another broad-spectrum,
14-membered-ring macrolide, on RV infection.
The effect of CM on RV infection in A549 cells
was, therefore, tested.

MATERIALS AND METHODS
Clarithromycin
CM, provided by Hanmi Pharm Co., Ltd (Seoul,
Korea) as a preservative-free pure powder, was
dissolved in dimethyl sulphoxide (DMSO) and
diluted with PBS. To determine the dose response
of CM, concentrations of 1, 10 and 100 mM were
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used. To determine the time course effect of CM and the effect
of pre-treatment before RV infection, a concentration of 10 mM
was chosen, as this is the average serum concentration in
clinical use, as well as being most effective in reducing viral
titre and inhibiting cytokine secretion in the current study.

Cell culture, rhinovirus infection and clarithromycin
treatment
RV-16 was obtained from the American Type Culture
Collection (ATCC, Manassas, VA, USA) and diluted with
Dulbecco’s modified Eagles medium (DMEM)/F-12K. A549
alveolar epithelial type II-like cells were obtained from ATCC
and were grown to confluence in 100-mm Petri dishes in
DMEM, supplemented with: nonessential amino acids, L-
glutamine, penicillin, streptomycin, and 10% foetal bovine
serum (FBS; Hyclone laboratory, Logan, UT, USA).

For RV infection, A549 cells were plated at 26105 cells per well
in 12-well plates in 10% DMEM/F-12K. In the control group,
cells were cultured for 10 days in medium containing 0.1 mL
DMSO, the vehicle for CM. In the RV infection group (RV),
culture medium was aspirated on day 4, and the cells were
infected with RV-16 stock at a multiplicity of infection of 1.
After adsorption at 37uC for 120 min, the viral solution was
removed, the cells rinsed with PBS and incubated at 33uC. In
the RV plus CM group (RV+CM), cells were treated with
10 mM CM for 3 days before RV infection and cultured in
medium containing 10 mM CM. In the CM-only group (CM),
cells were treated with 10 mM CM for 10 days without RV
infection. In each culture, the supernatant was removed 24 h
after viral adsorption and every day thereafter and clarified by
low-speed centrifugation, before being stored at -70uC for viral
titration and cytokine measurement.

To determine any difference between pre-treatment with CM
for 3 days before RV infection and treatment at the time of viral
infection, another set of experiments was conducted without
pre-treatment with CM. In this experiment, the supernatant of
the control, RV and CM groups was removed after 24 h, and
for subsequent days up to 3 days. In the RV+CM group, 10 mM
CM was treated from the time of viral infection for 120 min,
the cells were rinsed with PBS and were incubated at 33uC for 3
more days in the media containing CM. Viral titre and cytokine
level from the supernatant were compared with the group in
which CM was treated from 3 days before infection. For RT-
PCR analysis of ICAM-1 mRNA and flow cytometric measure-
ment of ICAM-1 expression, the cells were washed with PBS
and harvested using 0.25% trypsin–EDTA (100 mL?well-1).

Measurement of viral titre
Medical Research Council (MRC)-5 human lung fibroblasts
obtained from the ATCC and cultured at 36105 cells per well
in 96-well microplates (Falcon Lab ware, Oxnard, CA, USA) in
minimum essential medium (Gibco, Grand Island, NY, USA)
containing 2 mM L-glutamine, 20 mM hygroethyl piperazine
ethane sulphonic acid, 100 U?mL-1 penicillin, 100 mL?mL-1

streptomycin, 0.25 mL?mL-1 fungizone and 10% FBS. On the
day of the experiment, 125 mL medium was removed from each
well, 25 mL of serial 10-fold dilutions of each specimen was
added and the plates were incubated at 33uC for 7 days. Viral
cytopathic effects were examined using an inverted microscope.
The amount of specimen required to infect 50% of MRC-5 cells

(50% tissue culture infection dose (TCID50)) was determined,
and the viral titre was expressed as TCID50 U?mL-1.

Measurement of intercellular adhesion molecule-1 mRNA
and surface protein expression
ICAM-1 mRNA was measured by RT-PCR. Total RNA was
isolated by TRIzol1 reagent (Invitrogen, Carlsbad, CA, USA)
and reverse transcribed to cDNA; ICAM-1-specific mRNA was
assayed using the primers 59-CACAGTCACCTATGGCAACG-
39 (sense) and 59-TTCTTGATCTTCCGCTGGC-39 (antisense).
Each PCR mixture contained 2 mL of 106PCR buffer
(GeneCraft, Lüdinghausen, Germany), 1 mL of 2.5 mM deoxy-
nucleotide triphosphates (BioGrand, Seoul, Korea), 0.2 mL of
Taq polymerase (Genecraft), 10 pmol of each primer and 13.3
mL of double-distilled H2O in a final volume of 20 mL.
Amplification was performed with a Perkin-Elmer 9600
thermal cycler (Perkin-Elmer, Wellesley, MA, USA), using a
protocol consisting of 35 cycles of denaturation for 30 s at 94uC,
annealing for 30 s at 55uC and an extension for 30 s at 72uC,
followed by a final extension for 10 min at 72uC. Primers for
human b-actin were used as a loading control.

Surface expression of ICAM-1 was measured by flow
cytometry. A549 cells harvested, as described above, were
incubated with fluorescein isothiocyanate-conjugated mouse
antihuman ICAM-1 antibody (Serotec, Oxford, UK), or
isotype-specific control antibody (mouse immunoglobulin
G1-fluorescein isothiocyanate; Serotec), for 30 min at 40uC.
After extensive washing in PBS, each cell preparation was
fixed in 200 mL 1% paraformaldehyde/PBS, and fluorescence
was analysed by single colour flow cytometry (FACSCalibur;
Becton Dickinson, Franklin Lakes, NJ, USA). The mean
fluorescence intensity was normalised relative to non-
infected control values, after subtraction of background
staining.

Quantification of interleukin-1b, -6 and -8
Immunoreactive IL-1b, IL-6 and IL-8 were quantitated using
dual antibody ELISA kits (Biosource, Nivelles, Belgium)
according to the manufacturer’s protocol. The sensitivity limit
of each kit was 10 pg?mL-1. Data were expressed in pg?mL-1

and were derived by extrapolation from a standard curve
generated in parallel with each experiment.

Statistical analysis
All statistical testing was carried out with a nonparametric
signed rank test. All data are reported as the mean¡SD of at
least seven replicate experiments. A value of p,0.05 was
considered to be statistically significant.

RESULTS
Viral titres
When the supernatants in MRC-5 cells were cultured, it was
found that the mean viral titre in the supernatant of the RV
group was 103.85 TCID50 U?mL-1. In the RV+CM group, the titre
was 102.15 TCID50 U?mL-1 when CM was added 3 days before
infection, but slightly higher (102.85 TCID50 U?mL-1) when CM
treatment was started at the time of viral infection (p,0.05)
(fig. 1). This finding indicates that CM inhibition of viral
replication was more effective in cells pre-treated with CM
than when CM was added at the same time as RV.
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When the dose response of pre-treatment was investigated
with three CM concentrations, 1, 10 and 100 mM, for the first 3
days after RV infection, it was found that on the first day the
mean viral titre of the RV and RV+CM (1 mM ) groups was 102.5

TCID50 U?mL-1, but was somewhat lower (101.5 TCID50

U?mL-1) in cells pre-treated with 10 and 100 mM CM (fig. 2a).
On day 2, the titre of the RV group was 102.75 TCID50 U?mL-1,
whereas the titre of cells pre-treated with the three concentra-
tions of CM was 101.75 TCID50 U?mL-1 (fig. 2b). On day 3, the
mean viral titre in the RV group was 104.25 TCID50 U?mL-1, but
the titre in the cells treated with 1 or 10 mM CM was 101.5

TCID50 U?mL-1 and in cells treated with 100 mM it was 102.5

TCID50 U?mL-1 (fig. 2c), indicating that the lower concentra-
tions of CM were more effective in reducing RV titre.

When the time course of viral titre was investigated for cells
treated with CM was treated from 3 days before viral infection
and treatment continued thereafter, it was found that in the
absence of CM the mean titre peaked at 104.75 TCID50 U?mL-1

on day 3 after viral infection and then declined to 103.75 TCID50

U?mL-1 on days 5 and 6. In the RV+CM group, the mean viral
titre was ,101.5 TCID50 U?mL-1 on days 1, 2 and 3 and peaked
at 103.5 TCID50 U?mL-1 on day 4, declining to 102.75 on days 5
and 6 (fig. 3).

Expression of intercellular adhesion molecule-1
Using RT-PCR, it was found that RV infection increased
ICAM-1 mRNA expression, but this was reduced by CM
treatment (fig. 4). However, CM alone had no effect on ICAM-1
mRNA levels in the absence of RV infection (fig. 4). It was
observed, using flow cytometry, that the mean fluorescence
intensity of control A549 cells was 8.1, which was increased
to 9.6 in the CM group. RV infection increased surface
expression of ICAM-1 to 12.4, which was reduced by CM to
9.2 in the RV+CM group. The differences between the
control and RV groups, and between the RV and the
RV+CM groups, were significant (fig. 5).

Quantity of cytokines
When the level of RV-induced cytokine secretion was
measured, it was found that on day 3 the mean concentration
of IL-1b in the control group was 35.8 pg?mL-1, which was
increased to 69 pg?mL-1 in the RV group. In cells pre-treated
with 1 and 10 mM CM and then infected, the IL-1b level was
significantly reduced to 35.8 pg?mL-1 and 34.2 pg?mL-1,
respectively, whereas pre-treatment with 100 mM CM had no
effect (fig. 6a). Similar results were observed for IL-6, in that
the mean concentration of IL-6 was 401 pg?mL-1 in the control
group and 650 pg?mL-1 in the RV group. In cells pre-treated
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FIGURE 1. Viral titres in supernatants of A549 cells after rhinovirus (RV)

infection and after RV infection plus clarithromycin (RV+CM) pre-treatment.

Clarithromycin treatment (RV+CM) inhibited the RV-induced increase in viral titre.

However, cells pre-treated with CM for 3 days prior to infection had a significantly

lower titre than cells to which CM was added at the time of viral infection. Each bar

represents the mean¡SD of seven samples. h: pre-treatment; &: no pre-treatment.

TCID50: 50% tissue culture infection dose. *: p,0.05.
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FIGURE 2. The effect of pre-treatment with 1, 10 or 100 mM clarithromycin

(CM) on a) day 1, b) day 2 and c) day 3 after rhinovirus (RV) infection. Each bar

represents the mean¡SD of seven samples. TCID50: 50% tissue culture infection

dose. *: p,0.05.
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with 1, 10 and 100 mM CM and then infected with RV, the mean
concentration of IL-6 was 479, 435 and 474 pg?mL-1, respect-
ively (fig. 6b). The mean concentration of IL-8 was
1,383 pg?mL-1 in the control group and 2,028 pg?mL-1 in the
RV group, whereas in cells pre-treated with 1, 10 and 100 mM
CM prior to infection, the mean concentration of IL-8 was
1,491, 1,189 and 1,528 pg?mL-1, respectively (fig. 6c). The
maximum inhibitory effect of CM on RV-induced increase in
IL-8 secretion was seen at 10 mM concentration (fig. 6c).

The time course of cytokine secretion was also measured. In
infected cells, the concentration of IL-1b reached a maximum
of 62.5 pg?mL-1 on day 3, and then gradually declined to
51.9 pg?mL-1 on day 6. In cells pre-treated with CM for 3 days
prior to viral infection, the IL-1b concentration showed a
similar pattern, but with significantly lower concentrations
(p,0.05; fig. 7a). In infected cells, the concentrations of
secreted IL-6 increased from 424 pg?mL-1 on day 1 to
727 pg?mL-1 on day 6. However, in cells pre-treated with CM
the IL-6 level declined slightly until day 3 and then increased
from day 4 to day 6 (fig. 7b). In infected cells, the
concentrations of secreted IL-8 increased from 1,443 pg?mL-1

on day 1 to 2,807 pg?mL-1 on day 6, while in cells pre-treated
with CM, the concentration of secreted IL-8 level increased
from 1,264 pg?mL-1 on day 1 to 2,298 pg?mL-1 on day 6 (fig. 7c).

The cytokine secretion in cells pre-treated with CM before
infection with cells to which CM was added at the time of
infection was also compared. Secretion of IL-1b (fig. 8a) and IL-
6 (fig. 8b), both of which were increased by RV infection, was
inhibited by CM treatment both before and at the time of
infection (p,0.05). In contrast, the ability of CM to inhibit IL-8
secretion was significant only when cells were pre-treated with
CM, and not when it was added at the time of viral infection
(fig. 8c).

DISCUSSION
Recent studies have demonstrated that, in addition to its
antibacterial effects, the long-term, low-dose usage of macro-
lide antibiotics has anti-inflammatory activity in the manage-
ment of chronic airway disease. CM, for example, has been
found to suppress the production of IL-1b, IL-6, IL-8, and
granulocyte–macrophage colony stimulating factor [18–21], as
well as to reduce ICAM-1 gene expression on nasal fibroblasts
[18]. As ICAM-1 is the receptor for the major RVs, and since IL-
1b, IL-6, and IL-8 play significant roles in the pathophysiology
of RV infection [22], CM may be able to modulate
inflammatory processes during RV infection. To evaluate its
potential role in modulating RV-related inflammation, the
effects of CM on RV-induced changes in viral titre, ICAM-1
expression and cytokine production in A549 respiratory
epithelial cells were assayed.

It was found that CM reduced RV titres in the supernatants of
infected A549 cells, with the degree of reduction being greater
in cells pre-treated with CM than in cells administered with
CM at the time of the infection. Interestingly, it was found that
1 and 10 mM CM were more effective than 100 mM CM,
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FIGURE 3. Effect of clarithromycin (CM) pre-treatment on the time course of

viral titres in supernatants of rhinovirus (RV)-infected A549 cells. Each point

represents the mean¡SD of seven samples. $: RV; #: RV+CM. TCID50: 50%

tissue culture infection dose. *: p,0.05.
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FIGURE 4. RT-PCR showing expression of a) intercellular adhesion molecule

(ICAM)-1 mRNA and b) b-actin mRNA. Cells were uninfected and untreated

(control), treated with clarithromycin (CM) alone, infected with rhinovirus (RV), or

treated with CM from 3 days prior to RV infection (RV+CM). bp: base pairs.
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FIGURE 5. Effects of clarithromycin (CM) on intercellular adhesion molecule

(ICAM)-1 fluorescence intensity in A549 cells after rhinovirus (RV) infection.

Regardless of pre-treatment, CM treatment of infected cells (RV+CM) inhibited

the RV-induced increased expression of ICAM-1 (RV). However, CM had no effect

on the constitutive expression of ICAM-1 in A549 cells (control). Each bar

represents the mean¡SD of seven samples. h: pre-treatment; &: no pre-treatment.

*: p,0.05.
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particularly on day 3 after infection. The average serum
concentration of CM, in clinical use has been reported to be
10 mM [23]. Thus, the result of this study supports evidence for
the effectiveness of low-dose CM in clinical practice. In the
absence of CM, the viral titre peaked on days 3 and 4 after
infection and then declined. The optimal effect of CM in
reducing the RV-induced increase was seen on day 3 after
infection, suggesting that the optimal time point for determin-
ing the effect of CM on RV infection would be at day 3. It has
been suggested that erythromycin inhibits RV infection by
reducing ICAM-1 and by blocking the RV RNA entry into the

endosomes [17]. The decrease in viral titre following CM
treatment in the current study may also have been caused by
similar mechanisms suggested by SUZUKI et al. [17].

ICAM-1 is a glycoprotein expressed on the cell surface of
vascular endothelial cells, epithelial cells, and fibroblasts, and
has been shown to be involved in leukocyte trafficking and
recruitment to the sites of inflammation. In addition, ICAM-1
expression on respiratory epithelium is increased by RV
infection [5, 22]. It was found that ICAM-1 mRNA and protein
were constitutively expressed by A549 cells and that their
levels were significantly increased by RV-16 infection, a
finding in agreement with previous observation [5, 6].
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FIGURE 6. Effects of different concentrations of clarithromycin (CM) pre-

treatment on the secretion of a) interleukin (IL)-1b, b) IL-6 and c) IL-8 by rhinovirus

(RV)-infected A549 cells. Each bar represents the mean¡SD of seven samples.

*: p,0.05.
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FIGURE 7. Effects of clarithromycin (CM) pre-treatment on the time course of

secretion of a) interleukin (IL)-1b, b) IL-6 and c) IL-8 by rhinovirus (RV)-infected A549

cells. Cells were uninfected and untreated (control; #), treated with CM alone (&),

infected with RV ($), or treated with CM from 3 days prior to RV infection (h). Each

bar represents the mean¡SD of seven samples.
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Although, in the absence of infection, treatment with CM did
not alter baseline mRNA expression or ICAM-1-specific
fluorescence intensity, CM reduced the RV-induced increases
in ICAM-1 mRNA and specific fluorescence intensity,
regardless of whether the CM was added 3 days before or at
the time of RV infection.

It was also found that RV infection increased IL-1b production
by A549 cells and that this increase was inhibited by CM. IL-1b
is important in the inflammatory process involved in RV
infection, as it increases vascular permeability and induces IL-8
release from epithelial cells. IL-1b also upregulates ICAM-1
mRNA and increases ICAM-1 expression in both epithelial and
vascular endothelial cells, thereby increasing cell susceptibility
to RV infection [6, 22]. The current finding that CM inhibited
the RV-induced increase in IL-1b suggests that CM may have a
significant impact on RV infection by further inhibiting the
IL-1b upregulation of ICAM-1 and IL-8. In addition, it was
observed that CM inhibited the RV-induced increase in IL-6
and IL-8 secretion, while having no effect on the constitutive
production of these cytokines. IL-6 can also participate in
common cold symptoms, since it induces pyrexia [22]. IL-8 is
of great importance in RV-induced colds, as it is a strong
chemoattractant for neutrophils; it can also activate the
recruited neutrophils, resulting in the release of their cytotoxic
granule content [8, 22]. RVs are potent stimulators of IL-6 and
IL-8 production, and there is substantial evidence for a direct
correlation between the level of IL-6 and IL-8 and symptom
severity in experimental RV colds [24]. The observation that
CM has inhibitory effects on the RV-induced increases in IL-6
and IL-8 secretion suggests that CM may relieve the symptoms
of RV infection.

When the effects of CM pre-treatment on RV-induced cytokine
secretion were assayed, it was found that administration of
CM at the time of infection inhibited secretion of IL-1b and
IL-6, but not IL-8, whereas all three were inhibited by CM pre-
treatment, suggesting that CM may be more effective in
inhibiting IL-8 secretion when used prophylactically.
However, the reasons why the secretions of IL-1b and IL-6
were not affected by the different modes of treatment need to
be clarified by future studies.

In contrast to the findings in RV-infected cells, it was found
that CM did not inhibit the constitutive expression of ICAM-1,
IL-1b, IL-6, and IL-8. This result is not in agreement with a
previous investigation in which macrolide antibiotics and
other drugs were reported to inhibit the constitutive expres-
sion of ICAM-1 and cytokines [17, 25, 26]. However, CM pre-
treatment was found to suppress IL-1b induced nuclear
factor (NF)-kB activity in bronchial epithelial cells, but had
no effect on NF-kB activity in the absence of IL-1b
stimulation [13]. Since the ability of macrolides to inhibit the
secretion of pro-inflammatory cytokine is mediated by inhibi-
tion of NF-kB [27], CM may have no effect on the constitutive
expression of ICAM-1 and pro-inflammatory cytokines,
which may not be associated with NF-kB activation [18].
However, further experiments are required to clarify this
discrepancy.

Another 14-membered-ring macrolide antibiotic, erythro-
mycin, has been reported to inhibit RV-14 infection by
reducing ICAM-1 expression and to modulate airway inflam-
mation by reducing the production of pro-inflammatory
cytokines [17]. In addition, treatment of cells with erythromy-
cin significantly decreased RV titre, thus providing evidence of
the potentially beneficial role of macrolide antibiotics in RV
infection.
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FIGURE 8. Effects of clarithromycin (CM) treatment on the secretion of a)

interleukin (IL)-1b, b) IL-6 and c) IL-8 by rhinovirus (RV)-infected A549 cells. a), c),

and e) Cells were pre-treated with CM from 3 days prior to infection. b), d) and f) CM

was added at the time of infection. Cells were uninfected and untreated (control),

treated with clarithromycin (CM) alone, infected with rhinovirus (RV), or infected with

RV and treated with CM (RV+CM). Each bar represents the mean¡SD of seven

samples. *: p,0.05.
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However, in a double-blinded clinical trial CM treatment had
little or no effect on the severity of cold symptoms or the
intensity of neutrophilic nasal inflammation [28]. Similarly,
CM was found to reduce cellular expression of tumour growth
factor-b and NF-kB in vitro, but not in mucosal specimens
in vivo. [19] The discrepancy between the results of this study
and those of the in vivo clinical trial [28] may be due to differ-
ences in dosage or mode of treatment. For example, in the
clinical trial, 1,000 mg?day-1 of CM, a higher dose than the
250 mg?day-1 usually used for low-dose, long-term treatment
[29], was started 24 h before inoculation of RV. However, it
was found that CM started 3 days before RV infection was
more effective than CM started at the time of infection, and
that 10 mM CM, the usual blood level in clinical use, was more
effective than 100 mM in reducing viral titre and cytokine
secretion. In another report [30], the longer CM pre-treatment
times have been found to be more effective at inhibiting the
induced cytokine secretion. Thus, additional clinical trials
using lower doses of CM with longer pre-treatment duration
may result in different outcomes than those described [28].

In conclusion, although clarithromycin has been clinically used
for the treatment of patients with bacterial infections, the
results of this study suggest that this antibiotic may have a
possible clinical application in the prevention of rhinovirus
infection and in the treatment of airway inflammation caused
by rhinovirus infection.
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