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Abstract

Viral bronchiolitis is one of the leading causes for hospitalization of infants in the world
and causes an estimated one million deaths per year worldwide. Respiratory syncytial virus
(RSV) is associated with the majority of cases. During the last few years it has become
increasingly clear that T cells contribute to the abnormal regulation of the immune response in
viral diseases since these cells are potent producers of a large variety of cytokines. It was
reported that cord blood interferon gamma (IFN-y) responses were inversely related to the
frequency of viral respiratory infections. To ascertain whether RSV infection promotes
a different IFN-y profile to that induced by other respiratory infections, thirty-two infants with
severe bronchiolitis were enrolled in this study. RSV-IgM was detected by immunofluorescent
technique in 23/32 patients. Serum IFN-y levels in RSV" infants were significantly lower than
RSV (p < 0.001). In vitro stimulation of peripheral blood cells followed by flow cytometery
combined with intracellular cytokine staining revealed that both CD4+ and CD8+ cells
contribute in IFN-y production. The percentage of CD4+ cells producing IFN-y in RSV" was
significantly lower (P < 0.05) than those in RSV", while the difference in % of CD8+ between
RSV' and RSV was non significant. Our conclusions are that RSV infection is associated with
severe decreased IFN-y responses. Both CD4+ and CDS8+ cells contribute in IFN-y production
during RSV bronchiolitis. RSV infection promotes a different IFN-y profile from that induced
by other respiratory infections.

Introduction

Respiratory syncytial virus (RSV) is
a non-segmented, single-stranded RNA
virus belonging to the Paramixoviridae
family (Collins et al., 1996). RSV infection
is one of the main causes of respiratory
illness worldwide. Almost all children
become infected with RSV within the first 2
years of life (Avendafio et al., 2003) and
30% of them develop lower respiratory
tract illness, including bronchiolitis, or
respiratory failure (Holberg et al., 1991).
The later is the reason for hospitalization in
0.5%-2% of the infected children (Collins
et al., 1996; Leader and Kohlhase, 2002),
and occasionally may lead to death in 1%
of hospitalized children (Simoes, 1999;
Hall, 2001).

Primary RSV infections in young
infants are frequently manifested as
bronchiolitis or pneumonia. In older

children and adults, symptoms are usually
restricted to the upper respiratory tract.
Immaturity of the immune system in infants
has been proposed as one of the reasons for
the decreased virus-specific clearance
(Everard and Milner 1992). Certain other
underlying conditions reported to increase
the risk of contracting and developing
severe RSV disease including prematurity
with  or  without bronchopulmonary
dysplasia,  congenital heart disease,
immunosuppression, or another underlying
respiratory condition (Collins et al., 1996).
The difference between disease severity in
previously healthy infants who are infected
with RSV in the first year of life may be
attributed to airway size (Young et al.,
1995), high levels of passively acquired
maternal 1gG antibody (Everard and Milner
1992; Yamazaki et al., 1994) and consistent
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with these theories, the peak age of
incidence for bronchiolitis is 2-4 months
(Martinez, 1999). However, these factors
cannot be the whole explanation for RSV
bronchiolitis, as the majority of vulnerable
infants exposed at the peak age do not
develop the disease (Openshaw, 1995).
Recent interest has therefore focused on the
role of the host immune response in the
pathogenesis of bronchiolitis.

More over, in some children with
a genetic predisposition to atopic diseases,
RSV infection has been related to the
development of episodes of recurrent
wheeze, bronchial obstruction and asthma
(Stein et al., 1999; Sigurs et al., 2000; Legg
et al., 2003; McNamara et al., 2004).

Immune  responses range  from
a highly cellular (macrophage/cytotoxic T
cell) response (Fitch, 1992) to a predom-
inately humoral or antibody-mediated
immunity (Berek, 1992). Cellular immunity
has classically been described as the
defense mechanism against viral infections.
The development of cellular or humoral
immune responses will depend on a reper-
toire of cytokines produced by numerous
cells including CD4+ and CD8+ T cells.
These lymphocytes can be subdivided into
2 subsets, T helper 1 (Thl) and T helper 2
(Th2), on the basis of the cytokine profiles
they synthesize. Type 1 T cells produce
interleukin (IL)-2, IL-12, interferon gamma
(IFN-y) and tumor necrosis factor (TNF)-p.
IFN-y is an essential cytokine in the viral
cell-mediated immune response which is
associated with viral disease control and
pathogen clearance (Pinto et al., 2006).
IL-12, produced by monocytes and antigen-
presenting cells, promote the differentiation
of native CD4+ T cells to the Thl
phenotype and decrease the synthesis of the
type 2 cytokines IL-4 and IL-10 by CD4+ T
cells (Berek, 1992).

On the other hand, Th2 cells
selectively produce IL-4, IL-5, IL-6 and IL-
10 that participate in the development of
humoral immunity and have a prominent
role in immediate-type hypersensitivity
(Fitch, 1992). The significance of Th2
responses in natural RSV infections in
humans remained unclear. Some studies
demonstrated Th2 cytokine responses when

natural infection occurred in children who
went on to develop severe RSV disease
(Renzi et al., 1997; Roman et al., 1997
Bendelja et al., 2000), whereas, in other
studies, such a shift toward a Th2 response
was not found (Bont et al., 1999;
Brandenburg et al., 2000). It should be
mentioned that the induction of a Thl
response does not necessarily exclude the
presence of a concomitant Th2 response
and its associated pathologic effects,
because Th2 cytokines and Thl cytokines
can be detected simultaneously (Waris et
al., 1997; Barends et al., 2002).

Although it was previously believed
that CD4+ T cells exclusively provided the
cytokine help to various “effector” cells, it
is now known that CD8+ (or cytotoxic)
T cells can also perform similar functions.
Therefore, both CD4" (T-helper) and CD8"
(T-cytotoxic) cells are now recognized to
have similar capabilities for production of
type 1 and type 2 cytokines (Cho et al.,
2002).

Recent studies suggest that y6 T cells
play an important role in the immune
response not only to bacterial infections
such as tuberculosis (Saunders et al., 1998)
but also to viral infections such as
cytomegalovirus or Epstein—Barr virus
infection (De Paoli et al., 1990; Déchanet et
al., 1999). This hypothesis is compatible
with the observation by Aoyagi et al., 2003
that the proportion of y6 T cells which
produce IFN-y after mitogen stimulation is
significantly reduced in patients with RSV
bronchiolitis.

Several inflammatory cytokines have
been detected in the airway of RSV-
infected patients, including IL-2, (Giugno et
al., 2004) I1L-4 (Legg et al., 2003), IL-5
(Kim et al.,, 2003), IL-6 (Sheeran et al.,
1999), IL-9 (McNamara et al., 2004),  IL-
10, IL-12 (Legg et al., 2003), IL-18 (van
Benten et al., 2003) tumor necrotic factor
(TNF)-o. (Hornsleth et al., 2001) and
interferon (IFN)-y (Joshi et al., 2003; Legg
et al., 2003). However, the mechanisms that
are involved in airway inflammation in
response to viral-induced bronchiolitis are
not fully understood. Based on the current
understanding of allergic diseases including
asthma, these conditions are considered to
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arise from an irregular balance among T-
cell phenotypes. This entails not only a shift
in the Th1/Th2 balance, but also includes
the action of the regulatory T cells that play
an important role in the pathophysiological
response against various stimuli such as
respiratory viruses and airborne allergens
(Murai et al., 2007).

An attempt to develop a formalin-
inactivated RSV (FI-RSV) vaccine during
the 1960s resulted in an aggravated
infection in immunized children, leading to
hospitalization, while infection of non-
immunized children produced much milder
symptoms. The reason for this remained an
enigma, but gradually studies of RSV
infection led to the suggestion that
immunized persons developed allergy after
immunization prior to RSV infection
(Becker, 2006).

Interestingly, it was found that RSV-
infected epithelial cells produce inflamm-
atory cytokines that potently stimulate
cortisol secretion (Willenberg et al., 2002)
such as TNF-a, IL-la, IL-1fB, and IL-6
(Matsuda et al., 1995; Jiang et al., 1998).
Glucocorticosteroids have a role in
inhibiting the IFN-y response, acting
directly on T cells or indirectly through IL-
12 (Blotta et al., 1997; Hu et al., 2003). In
this way, an increase in plasma cortisol
would induce also an imbalance between
type l/type 2 cells and their products with
a shift toward a type 2 response. This
finding should be taken into consideration
when systemic steroids are prescribed to
RSV-infected infants (Pinto et al., 2006).

It is not clear whether the reported
cytokine imbalances are the result of an
alteration in the distribution of specific T-
cell  subsets or  whether intrinsic
dysregulation in cytokine production is
a characteristic of diseased individuals.

IFN-y is a multifunctional protein first
observed as an antiviral activity in cultures
of stimulated Sindbis virus-infected human
leukocytes  (Wheelock, 1965). It s
produced by T Ilymphocytes and natural
killer (NK) cells. IFN-y is now known to be
both an inhibitor of viral replication and an
immunoregulator of numerous immunolo-
gical functions. IFN-y influences the class
of antibody produced by B cells,

upregulates class I and 1l MHC complex
antigens and increases the efficiency of
macrophage-mediated killing of
intracellular  parasites including viruses
(Mogensen and Virelizier, 1987; ljzermans
and Marquet, 1989).

Current bioassays for IFN-y are
usually based on measurement of its
antiviral activity, e.g., using HeLa cells
infected with encephalomyocarditis virus.
These assays are time-consuming and not
completely specific for IFN-y.
Determination of IFN-y levels by enzyme
linked immunosorbent assay (ELISA) is
more sensitive and specific since it employs
the quantitative sandwich enzyme immun-
oassay technique (Daubener et al., 1994).

In vitro stimulation of peripheral
blood cells with Phorbol 12-myristate 13-
acetate (PMA) and ionomycin results in
activation for most of the cells, as
confirmed by the expression of CD69,
an early activation antigen. However, only
a small percentage of cells did produce
cytokines. The PMA and ionomycin
stimulation appears to be consistent with
the physiologically regulated cytokine
expression and, when used for short periods
of time, it only up-regulates the secretion of
cytokines from cells with a defined
cytokine pattern of expression (Picker et
al., 1995).

We aimed, first, to determine the
causative agent of bronchiolitis in specified
group of Egyptian infants. Secondly, we
sought to ascertain whether RSV infection
promotes a different IFN-y profile to that
induced by other respiratory infections. To
accomplish this aim we determine the
levels of serum IFN-y by ELISA. Also, we
specify the type of T-lymphocytes that is
contributed to IFN-y production by using
flow cytometery technique combined with
intracellular cytokine staining applied to in
vitro stimulated peripheral blood cells to
predict if there is shift in the Thl/Th2
balance or not.

Material and Methods:

Subjects:
Thirty-two infants (14 boys and 18
girls) aged 5 weeks to 10 months (mean
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22.13 weeks) hospitalized at Pediatric
Department of Al- Zahraa University
Hospital with severe respiratory illness and
bronchial obstruction demonstrated by
wheezing and/or hyperinflation on chest
radiograph were enrolled in this study. All
of them had no history of any significant
pathology before, such as congenital heart
disease, congenital respiratory disorder,
immunodeficiency, chronic inflammatory
disease, chronic lung disease after infantile
respiratory distress syndrome, or immature
infants of less than 2,500 g weight at birth.
The clinical criteria applied to define
severity of their illness were the respiratory
rate, intensity of wheezing, the presence of
cyanosis, the use of accessory of respiratory
muscles, and the presence of oxygen
requirement (Luki¢-Grli¢ et al, 1999). The
diagnosis of bronchiolitis was based on the
clinical criteria of tachypnoea, coryzal
symptoms and respiratory distress. None of
the patients was in need of mechanical
ventilation. None of them were treated with
antibiotics or steroid when blood samples
were collected. Bacteriological and other
laboratory  analyses  which  included
quantification of C-reactive protein (CRP),
erythrocyte sedimentation rate (ESR) and
leucocyte count were performed for each
infant to exclude possible non-viral
infections.

Blood Collection

From each of all participating infants
blood samples were collected in two tubes
using butterfly: the 1% in a serum separator
tube (SST) and allowed to clot for 30
minutes before centrifuged for 10 minutes
at approximately 1000 x g to separate
serum which was divided into aliquots and
stored at -20° C until used for respiratory
syncytial virus detection and IFN-y assay.
The 2™ portion was collected into
evacuated sterile tubes containing heparin
as anticoagulant. It was used for detection
of IFN-y intracellular using flow cytometer.

Respiratory  Syncytial Virus (RSV)
detection

The presence of RSV infection was
detected by indirect immunofluorescent
assay (RSV-IFA) kit for the diagnosis of

RSV IgM antibodies in serum according to
the manufacture's instructions (Vircell,
Spain).

Control Group
Nine out of 32 were RSV negative.
Those were included as control group.

IFN-y assay

The concentration of IFN-y was
determined in the serum using ELISA kit
(Human IFN- Immunoassay, Catalog
Number DIF50, Quantikine, USA). The
limit of detectability was 8 pg/mL. Samples
that registered above the standard curve
were diluted and reanalyzed. When values
were below the detection threshold, the
minimum detectable level was assigned.

Venous blood processing and cytokine
induction (Bendelja et al., 2000)
RPMI-1640 (GiBco BRL, Grand
Island, NY, USA) supplemented with 2 mm
L-glutamine, 100 IU/ml penicillin, 100
pg/ml  streptomycin and 2 x 107 ™
mercaptoethanol was used for double-fold
dilution of the heparinized blood samples.
A total of 500 pl heparinized venous blood
was diluted with 500 pl of RPMI-1640 in
sterile conical polypropylene tubes (Falcon,
Becton Dickinson) and incubated prior to in
vitro stimulation. Diluted blood (200 pl)
was stimulated by addition of 50 ng/ml
PMA (Sigma, St Louis, MO) and 0-75
pg/ml ionomycin (Sigma) in the presence of
10 pg/ml brefeldin A (BFA; Sigma) for 6 h
at 37°C in the presence of 5% CO,. After
PMA and ionomycin stimulation, the
samples were labeled with peridinin
chlorophyll  protein  (PerCP)-conjugated
anti-CD4, anti-CD8, and FITC-conjugated
anti-IFN-y (Becton Dickinson, Heidelberg,
Germany) MoAbs in the following
combinations: anti-IFN-y/ anti-CD4 and
anti-IFN-y/  anti-CD8.  Isotype-matched
controls (Becton Dickinson) were included.

Staining procedure

A slightly modified intracellular
staining protocol described by Jason and
Larned (1997) was used. In short, after
stimulation, diluted whole blood was
aliquoted in volumes of 50 pl, washed, and
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incubated in the dark for 15 min at room
temperature with 5 pl of MoAbs for surface
markers. After washing in staining buffer
(containing 1% fetal calf serum (FCS),
0-1% NaN; and Dulbecco's PBS), the
samples were fixed with a fixation buffer
(containing 4% formaldehyde in Dulbecco's
PBS) for 30 min at 4°C, washed and
permeabilized with a permeabilization
buffer (containing 1% FCS, 0-1% NaNs,
0:1% saponin in Dulbecco's PBS) for 15
min at 4°C. Washing in the
permeabilization  buffer  sufficed for
erythrocytolysis. Then, 50 ul of the
permeabilization buffer were added to the
cell pellet  and incubated  with
fluorochrome-conjugated anti-cytokine
MoAbs for 30 min at 4°C. Then 1-25 pg/ml
anti-IFN-y—FITC was added. Finally, the
stained cells were washed with
permeabilization buffer and resuspended in
0:5 ml of the staining buffer and
immediately analyzed on a flow cytometer
(FACSCalibur; Becton Dickinson, San
Jose, CA).

Detection of intracellular cytokine by
Flow Cytometery

Cell samples were analyzed using the
CellQuest Software on a flow cytometer
(FACSCalibur; Becton Dickinson, San
Jose, CA). A correlated analysis of the
forward and right-angle scatters was used to
establish the lymphocyte gate. The three-
colour analysis followed on obtaining
10000 cells in lymphocyte gate per sample.

Statistical analysis

The percentages of IFN-y producing
cells were analysed by the Mann-Whitney
U-test. Values of P < 0-05 were considered
significant.

Results

Respiratory  Syncytial Virus (RSV)
detection

RSV-IgM was detected by indirect
immunofluorescent assay (RSV-IFA) in 23
out of 32 (71.88%) of the studied infants.
The first group was designated RSV*
(n=23), while the second group was
designated RSV" (n=9).

IFN-y assay

The levels of serum IFN-y determined
by ELISA technique in RSV' and RSV
infants are shown in Figure (1), (medians,
25th—75th percentile ranges, and extremes).
RSV" infants had median levels of serum
IFN-y of 11 pg/ml (4.25-12.75 pg/ml
percentile ranges), range (8-25 pg/ml)
significantly lower (P < 0.001) than RSV
infants whose median levels of serum IFN-
y were 174 pg/ml (76.25-228.75 pg/ml
percentile ranges), range (35-340 pg/ml).
only one sample was below the detection
threshold (8 pg/ml) so the minimum
detectable level was assigned.

Determination of T-lymphocytes subsets
producing IFN-y using flow cytometery

To determine if the decreased
amounts of IFN-y in the serum were the
result of decreased number of T cells
producing IFN-y, we measured the
percentage of CD4" and CD8" T cells
expressing IFN-y as shown in Figure (2A),
(2B), respectively. The mean percentage of
CD4" T cells expressing IFN-y obtained
from RSV" infants was (1.89%) with range
of (0.3-4.2%), significantly less (P < 0.05)
than from RSV infants 2.54% (0.5-5.7%)
while, for the mean percentage of CD8" T
cells expressing IFN-y, thiswas 2.5% (0.4-
8.2%) in RSV" infants, not significantly
different from RSV infants whose mean
was 2.54% (1-5%).
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Figure (1). Levels of serum IFN-y (pg/ml), medians, 25th to 75th percentile ranges, and
extremes from RSV" infants (n=23) and RSV" (n=9).
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Figure (2 A).The percentage of CD4" lymphocytes producing IFN-y, upon polyclonal
stimulation with phorbol 12-myristate 13-acetate (PMA) and ionomycin for RSV*
infants (n=23) and RSV" (n=9).
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Figure (2 B).The percentage of CD8"

lymphocytes producing IFN-y, upon polyclonal

stimulation with phorbol 12-myristate 13-acetate (PMA) and ionomycin for RSV*

infants (n=23) and RSV" (n=9).
Discussion

RSV  bronchiolitis is  partially
an immune-mediated disease in which
RSV-specific T cells play a predominant
role (De Weerd et al., 1998). As our
understanding of disease immunopathog-
enesis increases, so the potential benefits of
appropriate immunotherapy  become
apparent. We have demonstrated the
association of IFN-y response to RSV
infection. IFN-y is the representative Thl-
type cytokine which suppresses the
production of Th2-type cytokines and
enhances cellular immunity (Scott, 1991;
Maggi et al., 1992). IFN-y may play
a protective role in RSV infections by
diminishing viral replication (Chen et al.,
2002), help in immunological clearance of
the virus and high levels of IFN-y may be
associated with lessening of the severity of
infection (Aberle et al., 1999).

Our results showed that the level of
IFN-y determined in serum samples of
RSV-infected infants were significantly
lower than that determined in serum
samples of RSV infants where another
virus or no virus was identified as a cause
of respiratory illness. These results are in

agreement with the previous reports of
decreased IFN-y secretion in RSV-infected
infants either compared to healthy control
group (Jackson and Scott, 1996; Roman et
al., 1997; Bendelja et al., 2000) or to
infants infected with another respiratory
virus rather than RSV (Joshi et al., 2003).
On the other hand, in contrast to our results,
there was a study reported that IFN-y was
elevated in the serum of RSV-infected
infants (Chen et al., 2002).

Regarding other studies  which
determined the level of IFN-y in
nasopharyngeal aspirates (NPAs), tracheal
aspirates or the supernatant of the cultured
peripheral blood mononuclear  cells
(PBMCs), again there was discrepancy.
Early studies have demonstrated a lower
production of interferon in nasal washes
during RSV infections when compared to
other viral infections (Hall et al., 1978;
Mclntosh, 1978). On the other hand,
Sheeran et al. (1999) found higher cytokine
and chemokine concentrations in
nasopharyngeal and tracheal aspirates
obtained from RSV-infected infants. Murai
and coworkers reported that there was no
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significant difference between RSV" and
RSV infants with respect to the levels of
IFN-y detected in (NPAs) (Murai et al.,
2007). PBMCs from infants with severe
RSV illness were found to produce less
IFN-y than mildly infected infants and than
controls (Pinto et al., 2006).

A major disadvantage of the ELISA
method is the unknown phenotype of the
cells which produced the cytokines. In our
study, we try to determine which
lymphocyte subset present in the venous
blood producing INF-y is affected more by
RSV infection and so is accompanied by
decreased INF-y production. We used
intracellular cytokine staining to identify
the phenotype of IFN-y-producing cells. To
minimize the amount of blood withdrawn
from study infants and to avoid the
potential influence of gradient separation on
isolated cells, we used the modified whole
blood activation method first described by
Jason and Larned (1997).

We showed that CD4" and CD8" T
lymphocyte subsets produced IFN-y in both
groups RSV" and RSV infants groups. The
percentage of IFN-y producing CD4"cells in
RSV" infants was significantly lower (p <
0.05) than in RSV  infants. These results are
in accordance to study of Bendelja et al.
(2000) who found the CD4" lymphocytes
skewing into type 2 to be accompanied by
decreased IFN-y production by these cells
after short-term polyclonal stimulation in
vitro.

In contrast to CD4", the CD8" T
lymphocytes produce IFN-y and exhibit
a predominantly cytolytic activity for the
elimination of viral and other intracellular
pathogens (Kaufmann, 1995). Recent data
show the CD8" T cells to produce type-1
and type-2 cytokines (Mossman and Sad,
1996; Meissner et al.,, 1997) and to
modulate the humoral immune response
(Maggi et al., 1994; Paganelli et al., 1995).
We showed that CD8" T cells contributed
to IFN-y production during RSV infection.
These findings are comparable to Bendelja
et al. (2000). We showed that there was no
significant  difference  between  the
percentages of IFN-y CD8" producing cells
in RSV’ and RSV infants. This may
support the concept that excessive

lymphocyte mediated cytotoxic activity is
not principally  responsible for the
pathology in respiratory syncytial virus
bronchiolitis.  This  prediction is in
accordance to a study which proved that
there was a lack of RSV specific CTL
responses in peripheral blood of immunoc-
ompetent RSV-infected children,
suggesting an alternative method of
induction of immunity or compartm-
entalisation of immune cells (Jeena et al.,
2003). On the other hand, Chen et al.
(2002) reported that the frequency of IFN-y
expression in CD3+CD8+ cells was more
frequent in RSV-infected than control
infants.

The immunological mechanisms by
which respiratory syncytial virus (RSV)
contributes to the development of asthma
are poorly understood. Defective IFN-y
production by peripheral blood
mononuclear cells (PBMC) has been
reported to be correlated with the severity
of RSV bronchiolitis and the subsequent
development of asthma (Romén et al.,
1997; Aberle et al., 1999; Bont et al., 1999;
Renzi et al., 1999). IFN-y is produced by
many subsets of immune cells such as NK
cells, af T cells, and y6 T cells (Christmas
and Meager, 1990; Scharton and Scott,
1993). It is very important to clarify the
source of IFN-y in RSV bronchiolitis, but
there have been few studies of the cell
source of IFN-y in the acute infectious
phase in humans (Hussell and Openshaw,
1998; Bendelja et al., 2000). There was a
novel suggestion considering the role of yo
T cells in RSV bronchiolitis in terms of the
development of respiratory allergy. This
was built on certain suppressed IFN-y
production pattern by yd T cells in patients
with acute RSV-positive bronchiolitis
which was related to the subsequent
development  of  recurrent  wheezing
(Aoyagi et al., 2003). Defective IFN-y
production during acute viral infection
played an important role in the
development of postbronchiolitis wheezing,
which was clearly demonstrated by
Sorkness et al., (1999) in an animal model
of postbronchiolitis airway hyperreactivity.
Elucidating these mechanisms will provide
useful information to be used for the
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prevention of asthma and the development
of practical vaccines. On the other hand,
little differences in the level of IFN-y
between asthmatic and non asthmatic
patients with RSV infection had been
reported (Oh et al., 2002).

Further, it may prove useful to
investigate  whether  other  respiratory
viruses causing bronchiolitis lack the RSV-
associated property to skew the initiated
immune response toward type 2. It is
suggested strongly that RSV is unique in
terms of its strong effect on IFN-y
production by y6 T cells, and provokes
a relatively Th2-skewed immune response
in comparison with other pathogens in the
acute phase. This hypothesis is compatible
with the observation by Hall et al. (1978)
that interferon production in nasal washes
in acute RSV infection is significantly
lower than in influenza and parainfluenza
virus infection. On the other hand, a recent
comparison between adenovirus-infected
and RSV-infected infants revealed that
there was no significant difference in the
level of serum IFN-y (Oda and Yamamoto,
2008).

Conclusion

We conclude that RSV infection is
one of the most important viral
bronchiolitis among Egyptian infants below
one year. RSV bronchiolitis is associated
with severe decreased serum IFN-y levels.
Both CD4" and CD8" T lymphocytes
contribute in IFN-y production during RSV
infection with significant decrease in the
percentage of CD4" producing IFN-y
compared with other types of bronchiolitis
where another virus or no virus was
identified as a causative agent. We have
demonstrated the association of deficient
type 1 cytokine response to RSV infection.
This raises the possibility that treatments
which restore the type 1-type 2 cytokine
balance to the relative type 1 predominance
will ameliorate RSV disease. Further
studies are required to confirm these
findings in other patient groups.
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