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Inflammatory mediators play a major role in the pathogenesis of
respiratory syncytial virus (RSV) infection. The objective of this study
was to evaluate the effect of i.v. dexamethasone on cytokine concen-
trations in tracheal aspirates (TA) of children with severe RSV disease
and to correlate them with disease severity. Twenty-five cytokines were
measured in TA obtained from children <2 yr old intubated for severe
RSV disease, and enrolled in a double-blind study of i.v. dexamethasone
(0.5 mg/kg; n = 22) vs. placebo (n = 19). Cytokine concentrations,
measured at baseline and days 1 and 5 post-randomization using a
multiplex assay, were compared within both treatment groups and
correlated with: (i) tracheal white blood cell counts, (ii) tracheal RSV
loads by culture and (iii) parameters of disease severity, including
number of days of requirement for mechanical ventilation, intensive
care unit (ICU), and hospitalization. At baseline interleukin (IL)-13 and
IL-15 concentrations were significantly higher in the dexamethasone
treatment group. On day 1 post-treatment, only MCP-1, eotaxin and
IL-6 concentrations were significantly different but higher in the placebo
group. On day 5: IL-13, IL-7, IL-8 and MIP-1a concentrations were
higher in dexamethasone-treated patients. In both groups MIP-1f
inversely correlated with the days of ventilator support; MIP-1a,
MIP-1 and eotaxin inversely correlated with ICU days; and 1L-6
inversely correlated with hospitalization regardless of the treatment
assigned. Systemic administration of dexamethasone did not have a
consistent effect on TA concentrations of pro-inflammatory cytokines.
This may help explain, at least in part, the lack of clinical benefit of
steroid treatment in children with severe RSV bronchiolitis.
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Bronchiolitis is the leading cause of hospitaliza-
tion for infants in the United States (1). It is
associated with respiratory syncytial virus (RSV)
infection in up to 70% of cases (2), accounting
for more than 126,000 admissions annually (3).
Treatment for acute RSV disease remains

controversial. Indeed, treatment with bronchod-
ilators or with the antiviral agent ribavirin have
not demonstrated a consistent benefit and their
routine use is discouraged (4-7).

The pathogenesis of RSV infection and the
specific factors that determine disease severity
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remain to be fully characterized. Numerous
studies have evaluated the role of corticoster-
oids for treatment of bronchiolitis with the
anticipation to help ameliorate bronchiolar
oedema and airway hyper-reactivity by virtue
of their anti-inflammatory effects. Their clinical
efficacy has been a matter of debate for decades,
and although some studies found beneficial
effects (8, 9), most large, randomized, placebo-
controlled trials have failed to demonstrate a
significant clinical benefit (10-15). Despite the
large number of studies conducted to date, data
concerning the specific reasons that could
explain the lack of clinical benefit of systemic
steroids in severe RSV infections are scarce.

We have previously reported that treatment of
infants intubated with severe RSV bronchiolitis
with i.v. dexamethasone did not improve clinical
outcomes, while it delayed the normal decline of
RSV loads measured in the lower respiratory
tract when compared with placebo (10). Not
much is known, however, about the effect of
systemic administration of glucocorticoids on the
RSV-induced cytokine profile in the respiratory
tract of children with acute bronchiolitis and
how this effect relates to disease pathogenesis.
The aim of the current study was to characterize
the effect of dexamethasone on the cytokine and
chemokine responses induced by RSV over time
in the respiratory tract of children with severe
RSV disecase to improve our understanding
of how corticosteroids affect the immuno-
pathogenesis of RSV. We also investigated the
correlations between cytokine/chemokine
concentrations and the clinical markers of dis-
ease severity previously evaluated in the original
study (10).

Methods
Study design

Twenty-five cytokines were measured in tracheal
aspirate (TA) samples obtained on days 0, 1 and
5 of hospitalization. Samples were collected from
patients during the 1997-98 and 1998-99 RSV
seasons in a randomized, double-blind, placebo-
controlled trial of dexamethasone for children
intubated for severe RSV infection. Briefly, 41
children were randomized to receive either dexa-
methasone sodium phosphate (n = 22; 0.5 mg/
kg/dose) or an equal volume of normal saline
(n = 19; placebo) administered intravenously
every 12 h for 4 days as previously described
(10). This study was conducted at Children’s
Medical Center, Dallas, TX and Le Bonheur
Children’s Hospital, Memphis, TN (10).
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Collection of tracheal aspirates and cytokine concentrations
measurement

Tracheal aspirates were obtained from all study
patients immediately after randomization, before
they received the first dose of study drug (day 0)
and then at intervals of 24 + 3 h on study days 1
and 5. TA were obtained using the same
standardized method at both study sites as
previously described (10, 16). Parallel aliquots
of respiratory secretions were frozen immediately
after collection on dry ice and stored at —80°C
until tested. All cytokines and chemokines were
tested using the Luminex™ multiplex assay
system (Biosource International, Inc., Camarillo,
CA, USA) according to manufacturer’s instruc-
tions (17). Assays for the cytokines measured had
lower limits of detection ranging from 3 to 30 pg/
ml. For statistical analysis, samples with optical
density readings below the limit of the standard
regression curve were assigned the limit of
detection level.

The following cytokines, and soluble receptors were measured
in tracheal aspirate samples

Cytokines. Interleukin (IL)-1, 1L-2, IL-4, IL-5,
IL-6, 1L-7, IL-10, 1L-12p40, IL-13, IL-15, I1L-17,
tumor necrosis factor-alpha (TNF-o), y-inter-
feron (IFN)-y, IFN-o and granulocyte macro-
phage colony stimulating factor (GM-CSF).

Cytokine-receptors. Interleukin-1 receptor
(IL-1R) and IL-2R.

Chemokines. Interleukin-8, macrophage inflam-
matory protein (MIP)-1a, MIP-1p, interferon-
inducible protein (IP-10), monokine induced by
interferon-gamma (MIG), eotaxin, regulated
upon activation, normal T-cell expressed, and
secreted (RANTES) and monocyte chemoattrac-
tant protein (MCP)-1.

Changes in cytokine concentrations in TA
obtained at baseline, days 1 and 5 were first
evaluated over time in both treatment groups
combined and then individually within each
treatment group (dexamethasone vs. placebo).
In addition, differences in cytokine concentra-
tions in TA between the two treatment groups
were assessed at each time point.

Clinical and laboratory correlations

Parameters of clinical disease severity, quantita-
tive RSV cultures and white blood cell (WBC)
counts measured in TA were analysed by Spear-
man’s test to determine the correlation with



cytokine concentrations at baseline (day 0), days
1 and 5. Parameters of disease severity included
number of days of mechanical ventilation, days
of intensive care unit (ICU) and total hospital
days (10). Cultures and WBC counts were
performed locally at each site on fresh specimens
as previously described (10, 16).

Statistical analysis

Descriptive analyses were performed using
frequency distributions, proportions, means/
medians, standard deviations and percentiles.
Normality of the data was tested using
Kolmogorov—Smirnov and Shapiro—Wilk tests.
Group comparisons were performed using
Z-tests for the proportions and ¢-tests or
Mann—Whitney U-tests, as required, for the
continuous level measurements. Cytokine con-
centrations were compared using their raw
values at each time-point separately, and delta
values calculated by subtracting baseline con-
centrations from days 1 to 5 concentrations.
These raw and delta values were compared
between dexamethasone and placebo groups.
The p-values obtained from these tests were
used to identify the cytokines that were differ-
entially expressed in the two treatment groups.
These selected cytokines were further explored
for their expression pattern over three time
points (days 0, 1 and 5). Because the purpose
of these analyses was to find the cytokines of
interest, the p-values were not corrected for
multiple comparisons. Friedman tests and
Wilcoxon’s signed rank tests were performed
to test the change over time. Linear correla-
tions were determined by using Spearman’s
analyses. Correlation coefficients <0.4 were
considered weak, 0.4-0.6 as moderate and
>0.6 as strong correlations. All analyses were
performed using spss 15.0 (SPSS Inc., Chicago,
IL, USA) statistical software.

Results
Study population

Baseline characteristics of the study patients have
been previously reported (10) and are summa-
rized in Table 1. No subjects in either group had
history of reactive airway disease, RSV infection
or wheezing episodes prior to the current RSV
hospitalization. One patient in the dexametha-
sone group had received a single infusion of RSV
immune globulin 45 days before enrollment; no
other subjects had received RSV immune globu-
lin or palivizumab before enrollment.

Dexamethasone effect on RSV-induced cytokine profile

Table 1. Baseline characteristics of the study infants

Placebo group  Dexamethasone
(n=19) group (n =22)  p-value*

Mean age (days) 44 60 0.3
Male (%) 58 64 0.97
Birth weight (mean; g) 2898 2732 0.5%
Gestational age (mean; wk) 371 36.5 0.9
Symptoms$ (mean, days) 3.6 42 0.2%

Feverq| 1.3 (1.3) 1(1.6) 05

Rhinorrhea 35(2.4) 4.1 (45) 0.1

Cough 29(1.7) 3.8(23) 0.3

Difficulty breathing 2(1.3) 22(1.4) 0.6

Tobacco exposure (%) 26 29 0.8

Consumed breast milk (%) 45 44 09

Baseline characteristics of study infants are reported as medians (25—-75%
percentiles). Table adapted from previous publication (10).
*Mann-Whitney rank sum test.

tZtest.

ittest.

8Duration of symptoms prior to randomization.

9Presence of fever (temperature >38.5).

Cytokine concentrations in tracheal aspirates

Cytokine concentrations were analysed using
both raw data as well as using delta values, as
described in the statistical analysis section.
However, as very similar results were seen using
both approaches, only raw concentration analy-
ses are included in the present manuscript
(Table 2). On day 5, cytokine concentrations
were measured in the subset of patients that
remained intubated (n = 11 in the placebo
group and n = 10 in the dexamethasone treat-
ment group, who remain intubated). Our analysis
included a total of 98 samples.

Dynamics of cytokine concentrations in tracheal
aspirates. Change in cytokines concentrations
in both treatment groups combined. We observed
a temporal variation in different cytokine con-
centrations in TA in relation to the duration of
treatment in both groups (placebo and dexa-
methasone). Except for IL-4 concentrations that
significantly increased from days 0 to 5
(p = 0.002) in both groups combined, the rest
of the cytokines/chemokines evaluated signifi-
cantly decreased over time in both treatment
groups, from days 0 to 1 and 5 and from days 1
to 5.

Days 0-5: We found a significant decrease
(p < 0.05) from days 0 to 5 for the following
cytokines: IL-6, IL-7, IL-10, IL-12, IL-17,
eotaxin, IFN-y, MCP-1, MIP-1o and MIG.

Days 0-1: 1L-1, 1L-8, MIP-1 and RANTES
concentrations significantly decreased from days
0 to 1 and remained low through day 5 in both
groups (p < 0.05).
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Days 1-5: In both groups, the concentrations
of GM-CSF, TNF-a, IFN-a, IL-2, IL-13, IL-15
and IP-10 peaked on day 1 post-treatment and
subsequently decreased significantly by day 5
(p < 0.05).

Change in cytokines concentrations over time,
within each group. When we analysed changes in
cytokines over time within each treatment group
separately, we only found differences from days 0
to 1; MCP-1 (p < 0.001) and MIG (p = 0.03)
had decreased over time and TNF-o concentra-
tions significantly increased (p = 0.03) only in
the dexamethasone group, compared with the
placebo group.

Differences in cytokine concentrations in tracheal
aspirates between the two treatment groups at each
time point. Cytokine concentrations were mea-
sured at baseline (day 0) and days 1 and 5
(Table 2). IL-5 concentrations were below the
level of detection in both groups at all time-
points evaluated.

Day 0: On admission, concentrations of two
cytokines, IL-15 and IL-13, were significantly
higher in the dexamethasone group vs. placebo
(p < 0.05) (Table 2).

Day 1: Cytokine concentrations were similar in
both groups except for MCP-1, and IL-6 which
were significantly lower in the dexamethasone
treated group (Fig. 1). Concentrations of eotaxin
were also significantly lower in the dexametha-
sone group. However, they were close to the limit
of detection of the assay, which makes it difficult
to interpret the significance of this finding.

Day 5: 1L-7, IL-13, 1L-8 and MIP-1a concen-
trations were higher in patients treated with
dexamethasone (Fig. 2). There were fewer sam-
ples studied on day 5 (11 in the placebo and 10 in
steroid group) as mechanical ventilation was
discontinued in several subjects, therefore the
statistical power of the analysis may be affected
by the smaller sample size at this time point.

Correlations between cytokine concentrations and
viral loads and WBC counts measured in tracheal
aspirates. On day 2, after randomization RSV
loads were significantly higher in the dexameth-
asone group (10). We found a number of
cytokines that significantly correlated with RSV
loads in both groups. RSV loads in TA signif-
icantly correlated with concentrations of IL-6
(r =043, p=0.008) and IL-7 (r = 0.5
p < 0.001) on day 0, and with IL-7 (r = 0.62;
p < 0.001), IL-17 (r = 0.45; p = 0.005), IFN-y
(r = 0.50; p = 0.001) and GM-CSF (r = 0.34;
p = 0.023) on day 1. On the other hand, viral
loads were inversely correlated with IL-18

Dexamethasone effect on RSV-induced cytokine profile
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Fig. 1. Cytokine concentrations in tracheal aspirates on day
1. Among the 25 cytokines measured in tracheal aspirates
only MCP-1, IL-6 and eotaxin were significantly different
between the placebo (n = 19) and the group that received
dexamethasone (n = 22). These 3 cytokines were signifi-
cantly decreased in the group that received dexamethasone.
Data expressed in column mean + s.e. *Mann—Whitney
test (p < 0.05).

(r=-044; p=0.013), IL4 (r=-0.5;
p < .001) and IFN-a (r = -0.56; p < 0.001)
concentrations on day 1.
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Fig. 2. Cytokine concentrations in tracheal aspirates on day 5. Concentrations of MIP-la, IL-8, IL-7 and IL-13 were
significantly more elevated in the group that received dexamethasone as compared with the placebo group. Data expressed in

column mean =+ s.e. *Mann—Whitney test (p < 0.05).

No significant differences were observed in
WBC counts or absolute neutrophil counts in
TAs on any study day in any treatment group.
However, when each treatment group was anal-
ysed separately, there was a significant decrease
in WBC counts in TA over time in children
assigned to placebo (p = 0.02); in contrast, this
was not observed in the dexamethasone-treated
patients. WBC counts were significantly corre-
lated with IL-10 (r = 0.5; p = 0.002), IL-8
(r=20.7, p <0.001) and MIP-laa (r = 0.6;
p < 0.001) concentrations in both groups at all
time points.

Correlations between cytokine concentrations in
tracheal aspirates and clinical parameters of RSV
disease severity. Infants in the placebo and
dexamethasone groups did not significantly differ
in their median ventilator days, ICU days or
hospital days (10).

Length of mechanical ventilator support. In
both treatment groups there was a weak and
inverse correlation between MIP-1 concentra-
tions in TA on day 1 and days of mechanical
ventilator support (r = —0.3; p = 0.048).

6

Length of ICU stay. In both groups, there was
a weak and inverse correlation between tracheal
concentrations of  MIP-la (r = —0.33;
p = 0.04), MIP-1p (r = -0.37; p = 0.02) and
eotaxin (r = —0.35; p = 0.02) on day 1 and the
length of ICU stay.

Length of hospitalization. In both groups, the
concentrations of IL-6 (r = —0.4; p = 0.008) on
day 0 were moderately correlated with length of
hospitalization.

Discussion

Studies suggest that the pattern of cytokine
production elicited by RSV affects the balance
between virus replication and disease pathogen-
esis, that ultimately determines the manifesta-
tions of the disease (18). We have previously
reported that treatment with i.v. dexamethasone
resulted in a significant delay in the decline of
RSV loads in TA of children intubated for severe
RSV infection. In addition, we did not observe
any significant differences in the clinical out-
comes evaluated (10). We took advantage of this
well characterized population of intubated



children to explore the relative importance and
role of different cytokines in this severe from of
RSV disease and how they were impacted by
therapy with steroids. In agreement with the
clinical and virological findings previously
described, we did not observe a consistent effect
of dexamethasone in the cytokine profile anal-
ysed. Most cytokines showed similar concentra-
tions between the two groups after one day of
treatment (day 1) except for MCP-1, eotaxin and
IL-6, which were higher in the placebo group. In
contrast, the concentrations of I1L-7, IL-8, IL-13
and MIP-1a were significantly higher in the
dexamethasone-treated group after 5 days of
treatment. Thus, treatment with corticosteroids
had variable effects depending on the cytokine
examined and the timing of that measurement.

Several lines of evidence suggest that the
inflammatory process in response to RSV infec-
tion plays a critical role in the pathogenesis of the
disease. Elevated concentrations of pro-inflam-
matory cytokines and chemokines which likely
help mediate recruitment and activation of
inflammatory cells, such as 1L-6, IL-8, MIP-1a,
MIP-13, MCP-1, IP-10, RANTES, eotaxin,
IL-10 and IFN-y have been found in respiratory
secretions of infants with RSV infection (16,
19-23). We observed a mild inverse correlation
between MIP-1a, MIP-1p and eotaxin concen-
trations and disease severity as defined by days of
ICU stay and mechanical ventilation suggesting
that the magnitude of the inflammatory response
may play a protective role in the setting of acute
RSV infection. Consistent with our findings,
recent reports have shown that children with
mild RSV bronchiolitis have a more robust
cytokine response than those with a more severe
form of the disease (16, 24, 25). Sheeran et al.
(16) found that TA concentrations of RANTES,
IL-8 and IL-10 were inversely correlated with
clinical markers of disease severity in children
intubated with RSV. More recently Bennet et al.
(24), also reported that concentrations of several
cytokines including IL-6, IL-8, IFN-y, MIP-1f
and IL-10 in nasopharyngeal secretions were
inversely correlated with hypoxia in a group of
63 non-intubated children <2 yr old with bron-
chiolitis (16, 22).

It could be speculated that the increased
concentrations of IL-7, IL-8, IL-13 and MIP-1a
in the respiratory secretions of the dexametha-
sone-treated patients could be related to the
higher viral loads present and the lack of
significant decrease in WBC counts in TA
observed in these patients. A direct correlation
between WBC counts and cytokine concentra-
tions has been previously described in less severe
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RSV infection (25). We confirmed a direct
correlation between the concentrations of IL-8,
IL-10 and MIP-1a, and WBC counts in TA from
patients with severe disease irrespective of the
treatment assigned.

Our study complements previous studies that
analysed the effects of steroids on clinical out-
comes in acute RSV infection (14) and provides
at least a partial explanation for the lack of
effective anti-inflammatory effect and clinical
benefit of corticosteroids for severe RSV disease.
Thus, taken together the lack of clinical benefit,
the delayed decline of RSV loads and the
inconsistent anti-inflammatory effect, we suggest
that systemic steroid therapy is not indicated in
children with severe acute RSV lower respiratory
tract infection. Efforts should be concentrated on
identifying and evaluating alternative agents with
antiviral effect, with or without immunomodula-
tory activity for treatment of acute RSV infection
in infants.

There are several factors to consider as we
interpret our findings. First, it remains unclear
whether the effects exerted by dexamethasone as
seen in our study because of glucocorticoid class
effect or a dexamethasone-specific effect. The
findings by Bulow et al. (26) support the former
concept, because in their study prednisolone had
no effect on clinical outcomes of RSV infection.
Secondly, when analysing the effects of a thera-
peutic agent, the route of administration can
strongly influence the outcomes. Nevertheless, in
agreement with our observations, when dexa-
methasone was administered by other routes
such as inhalational or oral, it did not affect
clinical disease severity scores and oxygen
requirement in children with acute RSV infection
(13, 14).

Our study has several limitations. The timing
of the administration of dexamethasone could
have played a critical role in the observed results.
It is possible that dexamethasone failed to exert
potent enough anti-inflammatory effect to alter
the pathology because it was introduced too late
in the course of the disease. Indeed, the mean
disease duration prior to dexamethasone admin-
istration was 4 days. Nevertheless, considering
that patients with acute RSV infection frequently
present with non-specific upper respiratory tract
symptoms that could last a few days, it would be
difficult to conduct a study where steroids are
instituted before the disease becomes overtly
evident. In addition, it could be argued that the
reported p-values were not corrected for the
multiple comparisons performed; therefore, some
of the significances could be explained by
random chance. But as mentioned earlier, the
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primary goal of this study was to identify the
cytokines that would be differently expressed in
the two treatment arms and to further explore
their role over time; therefore, correcting them
for multiple comparisons was deemed unneces-
sary. Nevertheless, if such correction was made,
most of the significances would be lost and it will
further support our conclusion of the lack of
consistent effect of dexamethasone on the cyto-
kine profile induced by RSV. Furthermore, we
previously measured the concentrations of a
limited number of cytokines (IL-8, TNF-a and
RANTES) using conventional ELISA and we
observed similar results with a lack of significant
and consistent effect of dexamethasone therapy
on these cytokines (27).

In conclusion, treatment with dexamethasone
failed to induce a consistent anti-inflammatory
effect in children with severe acute RSV infection
as manifested by the lack of significant effect on
the concentrations of the cytokines and chemo-
kines that are thought to play a major role in
orchestrating the inflammatory response induced
by RSV. Additional studies to evaluate novel
antiviral and/or anti-inflammatory agents for
treatment for RSV bronchiolitis in children are
warranted.
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