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To determine whether there is an airway IFN response in infants
with acute bronchiolitis and to establish whether the rate of such
a response is related to the severity of iliness, the expression of
some IFN-induced genes was measured in nasopharyngeal
washes from 39 infants with acute bronchiolitis. The results
indicate that in infants with a virus-associated acute bronchiolitis
there is a strong activation of IFN system and that the severity of
iliness is inversely related to the level of expression of IFN-
induced genes. This suggests that the IFN response plays an
important role in determining virus—-associated respiratory
disease in early life. Exp Biol Med 232:1355-1359, 2007
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Introduction

Acute bronchiolitis is a major cause of lower
respiratory tract infection in infancy, and it is often caused
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by respiratory syncytial virus (RSV). Although knowledge
of the immunopathogenesis of bronchiolitis caused by RSV
has improved over previous decades, little is known about
the association between viro/immunologic markers and
disease severity. To this regard, interferon (IFN), which is
produced by virtually all nucleated body cells when they
become infected by viruses, appears to play a major role in
inhibiting certain respiratory viral infections and in the
recovery from related illnesses (1, 2). Published reports on
the roles of IFN in respiratory illness are often conflicting
and, specifically, there is very limited information about the
activation of airway IFN response during acute bronchiolitis
(2-4). Clinical studies have indicated that most children
infected with RSV do not display detectable IFN levels in
their sera and/or nasal secretions (3). On the contrary, other
studies have shown that RSV strongly induces IFN or IFN-
induced genes, such as IFI27, in airway epithelial cells and
leukocytes (4). One of the issues that has not been addressed
is whether the mounting of an appropriate airway IFN
response is impaired in infants with RSV-bronchiolitis.

Changes in IFN-induced genes have been only margin-
ally studied in infants with acute bronchiolitis (2—4) and
have been never addressed in the respiratory tract.

In order to gain new insights into these issues, we
evaluated the activation of three IFN-induced genes—2'-5’
oligoadenilate synthetase (2-50OAS), dsRNA-activated pro-
tein kinase R (PKR), and P56—in cells from nasophar-
yngeal washes from infants with a clinical diagnosis of
acute bronchiolitis and correlated their expression levels
with clinical severity.
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Table 1. Severity Scores
Severity score
0 1 2
Respiratory rate (breaths/min) <45 45-60 >60
SpO, (%) >95 95-90 <90
Retractions or nasal flaring None Retractions Retractions + nasal flare
Respiratory sounds None Rales/wheezing localized Rales + wheezing diffuse
Feeding Normal Reduce Endovenous

Patients and Methods

A total of 39 infants (median age [range]: 60 days [10-
270 days]; median weight [range]: 4.48 kg [2.45-10.53 kg];
male to female sex: 25:14; Caucasian: 85%) with a clinical
diagnosis of acute bronchiolitis who were admitted from
November 2005 to March 2006 to the Pediatric Department
of Policlinico Umberto I Hospital were enrolled in this
study. This study was approved by the Ethics Committees
and/or Institutional Review Boards of the participating
institution, and informed consent was obtained from the
children’s parents.

Disease severity and clinical evolution were evaluated
by measuring the clinical score index as described by
Wainwright et al. (5) in accordance with the respiratory rate,
arterial oxygen saturation at room air, presence of
retractions, radiologic findings, and feeding capacity (Table
1). Each infant was evaluated at the time of hospital
admission and after 3 days.

Nasopharyngeal washes (NPWs) were collected in the
first 48 hrs of admission to the hospital, and an aliquot was
tested for virus detection as previously described (6). Briefly,
a panel of polymerase chain reaction (PCR) or nested PCR
assays, some of which were in a multiplex format, were used
for detection of 14 respiratory viruses, including RSV,
influenza A and B, coronavirus OC43, 229 E, NL63, HKU1,
metapneumovirus, adenovirus, rhinovirus, and parainfluenza
(1-4). The remaining NPWs were centrifuged at about 600 g
for 10 mins, and the cell pellet was resuspended in 1 ml
phenol and guanidine isothiocyanate reagent (Trizol; Gibco
BRL, Grand Island, NY) and frozen at —80°C for subsequent
IFN-inducible gene expression analysis. Specifically, the
mRNA copy content of these genes was measured by a real-
time 5’ exonuclease reverse transcription—PCR assay using
the ABI 7700 sequence detector (Applied Biosystems,
Monza, Italy). Total cellular RNA was extracted from the
cells using Trizol reagent following the manufacturer’s
instructions, and it was retrotranscribed as previously
described (6). Next, the primer pair and probes 2-50AS
(7), P56 (7), and PKR (forward primer, 5'-TGCTAC-
TACGTGTGAGTCCCAAA-3'; reverse primer, 5'-
TGATGTATCTGCTGAGAAGTCACCT-3'; probe, 5'-
CAACTCTTTAGTGACCAGCACACTCGCTTCT-3)
were added to the universal PCR master mix (Applied
Biosystems) at 300 and 100 nM, respectively, in a final
volume of 50 pl. Co-amplification of the beta-glucuronidase

gene (Assay-On-Demand, Hs99999908_m1; Applied Bio-
systems) was used to normalize the amount of total RNA
present using the threshold cycle relative quantification
according to the supplier’s guidelines.

All results are expressed as median (range). Differences
between infants with or without viral infections and RSV or
rhinovirus infections, in terms of the level of IFN-induced
genes in cells from NPW, were compared using the Mann-
Whitney or the Kruskal-Wallis test, respectively. Spear-
man’s tho coefficient was calculated in order to assess the
correlation between the level of IFN-induced genes in cells
from NPWs and the clinical score index. Mann-Whitney test
was used for comparison of clinical score index between
infants with RSV or rhinovirus infections. Pearson’s r
coefficient was calculated to assess the correlation between
levels of different IFN-induced genes. The significance was
fixed at the 5% level. Analysis was performed with SPSS
v.13.0 for Windows (SPSS, Chicago, IL).

Results

A total of 39 specimens from children with acute
bronchiolitis were examined for the presence of respiratory
viruses. Respiratory virus infection was detected in 87% of the
subjects. Specifically, the most frequently detected virus was
RSV (68%), followed by rhinovirus (29%) and coronavirus
OC43 (3%). A co-infection with two viruses, specifically
RSV and influenza A, was recorded in only one patient.

Furthermore, the infants were divided into two groups
on the basis of the absence (uninfected) or the presence of
viruses in their NPWs, and the level of expression of IFN-
induced gene in cells from NPWs was examined in both
groups. The results indicate that the level of expression of
all examined IFN-induced genes is highly variable in infants
with acute bronchiolitis (coefficient of variation >100%)
both in the presence and absence of viruses. Nevertheless, in
the children with viral infections compared with uninfected
infants, elevated levels of 2-50OAS (median [range]: 57.90
[1.21-1217.75] vs. 7.16 [1.52-22.94]); PKR (median
[range]: 21.07 [1.35-198.09] vs. 3.63 [1.00-18.90]); and
P56 (median [range]: 180.52 [1.00-2574.36] vs. 8.11 [1.00—
30.91]) were found (P < 0.05). A direct positive correlation
was found between 2-50AS and all the other IFN-related
genes (2-50AS vs. PKR r = 0.86; 2-50AS vs. P56 r =
0.82; P < 0.05), suggesting that these viral infections
induce a coordinated activation of the IFN system. The
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Figure 1. Relative gene expression of (A) 2'-5' oligoadenilate
synthetase (2-50AS), (B) P56, and (C) dsRNA-activated protein
kinase R (PKR) in infants with acute bronchiolitis in the presence
(respiratory syncytial virus [RSV, n = 22] or rhinovirus [n = 10]) or
absence of virus infection (no virus, n = 5). P < 0.05 by Kruskal-
Wallis test.

above results were further analyzed in relation to the type of
virus causing the infection. When patients were divided into
three groups on the basis of the absence (uninfected) or the
presence of RSV or rhinovirus infection, there was a
significant difference (P < 0.05) between the groups.
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Patients with RSV showed higher expression of IFN-
inducible genes compared with patients with rhinovirus or
uninfected (Fig. 1). The differences are more evident when
2-50AS and P56 are considered and are less pronounced in
the case of PKR.

In addition to assessing whether expression levels of
IFN-inducible genes are related to disease severity, we
compared the gene expression of 2-50AS, P56, and PKR
with varying levels of disease severity, as determined by
measuring the clinical score index. The results indicated that
there was a weak but significant inverse correlation between
the level of all three IFN-induced genes and the clinical
score index (2-50AS r =—-0.26; P56 r =—0.29; PKR r =
—0.21) recorded at the time of hospital admission (Fig. 2) in
the infants with a virus-associated acute bronchiolitis.

The levels of IFN-induced genes in cells from NPWs
were also analyzed with respect to the RSV or rhinovirus
infection. A significant inverse correlation was observed
between the clinical score index recorded at the time of
hospital admission and the levels of IFN-induced genes (2—
50AS r=-0.66; PKR r=-0.52; P < 0.05) except for P56-
mRNA (r =—0.431; P = 0.07) only in infants with RSV-
associated bronchiolitis.

On the contrary, there was no significant correlation
between the level of IFN-induced genes and the clinical
severity clinical score index obtained in the analysis that
was performed at the third day from the onset of symptoms
(data not shown).

In addition, a comparison of clinical scores between
RSV-infected children and rhinovirus-infected children
revealed that there was greater severity of illness in RSV-
positive children, although not at statistically significant
levels (median: 4, range: 0-10; versus median: 3, range: 2-5).

Discussion

The present study confirms that viral infections are
common in children with acute bronchiolitis. Our results
also confirm that the frequency of RSV detection is high in
this disease; the same data, however, point out that other
respiratory viruses, mainly rhinovirus, may contribute to the
pathogenesis of bronchiolitis as well. To our knowledge this
is the first study that demonstrates a strong gene activation
of the IFN system in the cells from NPWs derived from
children with viral bronchiolitis. It is tempting to speculate
that the accumulation of viral components such as dsRNA in
epithelial cells and macrophages in the respiratory tract
during viral replication and the potential for RSV or
rhinovirus to cause productive infection in airway epithelial
cells could be the main mechanisms to be taken into account
to explain the strong gene activation of IFN response
observed in infants with viral bronchiolitis (8). In agree-
ment, it has been recently reported that both RSV and
rthinovirus induce Toll-like receptor 3 protein, leading to
increased dsRNA responsiveness in airway epithelial cells
(9, 10). We cannot exclude, however, that the activation of
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Figure 2. Relationship between the relative gene expression of (A)
2'-5' oligoadenilate synthetase (2-50AS), (B) P56, and (C) dsRNA-
activated protein kinase R (PKR) in infants with virus-associated
acute bronchiolitis and clinical index score. P < 0.05 by Spearman’s
rho test.
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airway IFN response observed in our population could be
the consequence of local production of cytokines and other
mediators by epithelial cells and macrophages in the
respiratory tract during viral bronchiolitis. Indeed, recent
studies have suggested the involvement of IL-1, IL-8, IL-10,
and TNF-alpha in regulation of antiviral activities by IFNs
(11). Other reports have shown that the expression of many
cytokines, including Rantes, MCP-1, MIPI-alpha, MIP1-
beta, IL-6, IL-8, IL-10, and IL-16, were significantly
increased in infants with bronchiolitis caused by RSV or
rhinovirus compared with healthy controls (1, 12, 13).
Therefore, our data could also suggest that viral infection
elicits cytokine and chemokine production in the respiratory
tract, which in turn leads to an increase in the synthesis of
IFN, which would be critical for limiting and clearing
respiratory viral infections.

Further studies are required to evaluate whether IFN
responses reflect cytokine responses in the respiratory tract
during viral bronchiolitis or are a direct consequence of viral
replication.

Importantly, the results of this study also demonstrate
that there was a trend toward greater expression of IFN-
induced genes in RSV infections compared with rhinovirus
infections. The latter would be in accordance with previous
reports in which it has been shown that RSV is a potent
inducer of IFN (4); the same data, however, are not
consistent with other papers in which the production of IFN
has been shown to be significantly reduced during acute
bronchiolitis caused by RSV (3). This is in accordance with
the finding that RSV possesses a mechanism to counteract
type I IFN response. Specifically, recent studies have shown
an important role for the RSV surface proteins in
antagonizing the IFN-mediated antiviral response (14). As
far as rhinovirus infection is concerned, it has been
published that infection of rhinovirus results in the
attenuation of the type I IFN response by disrupting
activation of IFN regulatory factor 3, and thus inhibition
of the early induction of IFN (15). This finding could be
consistent with our results regarding the presence of higher
alert status of the IFN system in infants with RSV than those
with rhinovirus infections. The above apparent discrep-
ancies along the data on the infant with OC43 infection who
displayed a stronger expression of P56 and 2-50AS
compared with infants with RSV or rhinovirus infection
(data not shown) make more evident the complexity of the
analyzed phenomenon and the difficulty in the interpretation
of the data. A better understanding of viral strategies for
affecting IFN-dependent responses may allow for the
mechanism underlying virus-induced airway disease.

The paper also indicates that the expression of IFN-
induced genes in infants with viral bronchiolitis is inversely
associated with the severity of disease. In agreement, it has
been recently reported that deficient IFN-lambda production
was highly correlated with severity of rhinovirus-induced
asthma exacerbation (16). Moreover, Johnson and co-
authors suggested that IFNs have an important role in
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determining the nature and severity of RSV disease (2). The
limited number of patients in our study, however, does not
allow us to draw definitive conclusions about the role of
P56, 2-50AS, and PKR proteins in association with host
response in bronchiolitis of moderate severity caused by
virus.

Our results could suggest a scenario in which the
antiviral IFN-inducible proteins are elicited early in
response to respiratory virus replication during acute
bronchiolitis. In this situation, elevated endogenous levels
of the IFN-induced proteins were related to a moderate
severity of bronchiolitis and vice versa, suggesting that the
activation of IFN system plays an important role in
determining virus-associated disease outcome.

The potential limitations of our study include the fact
that we did not compare the level of expression of mRNAs
encoding IFN-induced genes with the level of expression of
other early activation genes not directly controlled by IFN in
the cells from NPWs. This analysis could allow us to verify
whether the correlation between the severity of bronchiolitis
and the level of gene expression is specific for IFN-induced
products or concerns other activation pathways. Unfortu-
nately, the amount of sample was just enough to perform all
the experiments shown in the present study, and the above
issues could not be addressed. It would also be interesting to
investigate whether there is a positive correlation between
the level of expression of IFN-induced genes and the IFN
level in NPWs or in the NPW-derived cells. Further studies
specifically aimed to these important issues are needed.

Moreover, we did not assess whether the stronger
expression of IFN-induced genes in infants with a moderate
clinical course of virus-associated bronchiolitis was due to a
better clinical response or to a low viral titer in their
respiratory specimens. This is a very important issue.
Indeed, recently it has been reported that there is a
significant correlation between RSV viral load and the
levels of proinflammatory cytokines in the nasal washes of
children suffering from acute bronchiolitis (17). Moreover, a
direct association has been observed between RSV viral
load and the severity of bronchiolitis (18). Unfortunately,
the limited amount of the samples did not allow us to
address this important issue in the present study.

In conclusion, this study provides new insights into the
activation of an IFN system in infants with acute
bronchiolitis caused by virus and highlights the importance
of studying these cytokine regulatory pathways in vivo.
Larger longitudinal studies are required to gain a better
understanding of the activation of an IFN system during
acute bronchiolitis in early life.

1. Wark PA, Gibson PG. Asthma exacerbations 3: pathogenesis. Thorax
61:909-915, 2006.

2. Johnson TR, Mertz SE, Gitiban N, Hammond S, Legallo R, Durbin RK,
Durbin JE. Role for innate IFNs in determining respiratory syncytial
virus immunopathology. J Immunol 174:7234-7241, 2005.

12.

16.

17.

18.

1359

. Isaacs D. Production of interferon in respiratory syncytial virus

bronchiolitis. Arch Dis Child 64:92-95, 1989.

. Fjaerli HO, Bukholm G, Krog A, Skjaeret C, Holden M, Nakstad B.

Whole blood gene expression in infants with respiratory syncytial virus
bronchiolitis. BMC Infect Dis 6:175, 2006.

. Wainwright C, Altamirano L, Cheney M, Cheney J, Barber S, Price D,

Moloney S, KimberleyA, Woolfield N, Cadzow S, Fiumara F, Wilson
P, Mego S, VendeVelde D, Sanders S, O’'Rourke P, and Francis P. A
multicenter, randomized, double-blind, controlled trial of nebulized
epinephrine in infants with acute Bronchiolitis. N Engl J Med 349:27—
35, 2003.

. Pierangeli A, Gentile M, Di Marco P, Pagnotti P, Scagnolari C,

Trombetti S, Lo Russo L, Tromba V, Moretti C, Midulla F, Antonelli
G. Detection and typing by molecular techniques of respiratory viruses
in children hospitalized for acute respiratory infection in Rome, Italy. J
Med Virol 79:463-468, 2007.

. Scagnolari C, Trombetti S, Alberelli A, Cicetti S, Bellarosa D, Longo

R, Spano A, Riva E, Clementi M, Antonelli G. The synergistic
interaction of interferon types I and II leads to marked reduction in
severe acute respiratory syndrome-associated coronavirus replication
and increase in the expression of mRNAs for interferon-induced
proteins. Intervirology 50:156-160, 2007.

. Panuska JR, Cirino NM, Midulla F, Despot JE, McFadden ER Jr,

Huang YT. Productive infection of isolated human alveolar macro-
phages by respiratory syncytial virus. J Clin Invest 86:113-119, 1990.

. Hewson CA, Jardine A, Edwards MR, Laza-Stanca V, Johnston SL.

Toll-like receptor 3 is induced by and mediates antiviral activity against
rhinovirus infection of human bronchial epithelial cells. J Virol 79:
12273-12279, 2005.

. Groskreutz DJ, Monick MM, Powers LS, Yarovinsky TO, Look DC,

Hunninghake GW. Respiratory syncytial virus induces TLR3 protein
and protein kinase R, leading to increased double-stranded RNA
responsiveness in airway epithelial cells. J Immunol 176:1733-1740,
2006.

. Ichikawa T, Nakao K, Nakata K, Yamashita M, Hamasaki K, Shigeno

M, Abiru S, Ishikawa H, Ishii N, Eguchi K. Involvement of IL-1beta
and IL-10 in IFN-alpha-mediated antiviral gene induction in human
hepatoma cells. Biochem Biophys Res Commun 294:414-422, 2002.
Sheeran P, Jafri H, Carubelli C, Saavedra J, Johnson C, Krisher K,
Sanchez PJ, Ramilo O. Elevated cytokine concentrations in the
nasopharyngeal and tracheal secretions of children with respiratory
syncytial virus disease. Pediatr Infect Dis J 18:115-122, 1999.

. Midulla F, Tromba V, Lo Russo L, Mileto F, Sabatino G, Sgarrella M,

Panuska JR, Manganozzi L, Korn D, Moretti C. Cytokines in the nasal
washes of children with respiratory syncytial virus bronchiolitis. Int J
Immunopathol Pharmacol 19:231-235, 2006.

. Lo MS, Brazas RM, Holtzman MJ. Respiratory syncytial virus

nonstructural proteins NS1 and NS2 mediate inhibition of Stat2
expression and type I interferon responsiveness. J Virol 79:9315-9319,
2005.

. Peng T, Kotla S, Bumgarner RE, Gustin KE. Human rhinovirus

attenuates the type I interferon response by disrupting activation of
interferon regulatory factor 3. J Virol 80:5021-5031, 2006.

Davies DE, Kotenko SV, Papi A, Johnston SL. Role of deficient type
1II interferon-lambda production in asthma exacerbations. Nat Med 12:
1023-1026, 2006.

Schmidt AC, Johnson TR, Openshaw PJ, Braciale TJ, Falsey AR,
Anderson LJ, Wertz GW, Groothuis JR, Prince GA, Melero JA,
Graham BS. Respiratory syncytial virus and other pneumoviruses: a
review of the international symposium—RSV 2003. Virus Res 106:1—
13, 2004.

Bennett BL, Garofalo RP, Cron SG, Hosakote YM, Atmar RL, Macias
CG, Piedra PA. Immunopathogenesis of respiratory syncytial virus
bronchiolitis. J Infect Dis 195:1532-1540, 2007.

Downloaded from ebm.sagepub.com at SAGE Publications on October 29, 2014


http://ebm.sagepub.com/

