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SUMMARY

 

To study the consequences of the interaction of respiratory syncytial virus (RSV) with dendritic cells 

 

in
vitro

 

, we established a model of the primary immune response using dendritic cells, autologous naive T
cells and the superantigen toxic shock syndrome toxin 1 (TSST 1). About 10% of the naive T cells
express the T cell receptor chain V

 

b

 

2. These cells were stimulated by TSST 1 and could be analysed by
flow cytometry. Cultures infected with RSV produced significantly less interferon-

 

g

 

 compared to unin-
fected cultures. In a first set of experiments we evaluated whether this culture model using isolated
CD4

 

+

 

 CD45RA

 

+

 

 T cells, in fact, reflects the primary immune response. In a prospective study, cells were
isolated from 13 children at birth, at 1 year of age and at 4 years of age. RSV reduced interferon-

 

g

 

 pro-
duction at all the age groups analysed and the results were stable over time within a given individual.
In a second set of experiments, we asked whether clinical differences in the course of RSV infection are
due to variations in the cellular immune response. At the age of 1 year (5–9 months after the RSV epi-
demic) dendritic cells and naive T cells were obtained from 27 children with a history of bronchiolitis,
from 15 children with a benign course of RSV infection and from 26 controls without RSV infection.
The frequency of interferon-

 

g

 

-producing cells in RSV infected cultures was significantly lower
(

 

P

 

 

 

<

 

 0·001) in cultures from children with a history of RSV bronchiolitis compared to children with mild
RSV infection. Cultures from children without infection displayed a wide range of results. Overall,
interferon-

 

g

 

 generation in this group was still lower (

 

P

 

 

 

<

 

 0·05) than in the group with mild RSV infec-
tion. Because we have ruled out that memory cells play a role in the experiments performed, the most
likely explanation for our results is that a high generation of interferon-

 

g

 

 in the primary immune
response protects from severe RSV mediated disease.
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INTRODUCTION

 

In infants and toddlers under the age of 2 years, the virus isolated
most frequently during wheezing episodes is respiratory syncytial
virus (RSV) [1,2]. RSV affects 70% of all children less than
12 months of age [3]. Infections go unnoticed in nearly two-thirds
of the infants infected [3]. One-third suffers from mild lower res-
piratory tract disease [3] and a small percentage of children
develop bronchiolitis and requires hospitalization. Peak rates of
severe bronchiolitis occur in young infants aged 6 weeks to
6 months [4]. The majority of infants hospitalized for RSV bron-
chiolitis do not suffer from pre-existing disease as prematurity or
congenital heart disease, which are known risk factors. However,

it was found that lymphocytes isolated during RSV bronchiolitis
display a depressed interferon-

 

g

 

 production compared to cells
from non-infected controls [5–7]. Thus, it seems that the primary
immune response to RSV is altered in these children.

It is difficult however, to delineate further the molecular
mechanisms responsible for this finding. Access to specimens dur-
ing an acute RSV infection is limited. Furthermore, the local
immune response might not be represented by peripheral blood
cells. It is now clear from animal models that RSV infection
results in sustained increase in numbers of mature dendritic cells
in the lung [8]. Dendritic cells are critical in inducing primary T
cell responses [9] and interference with the function of these cells
is known to constitute a very powerful mechanism for viruses to
escape immune responses [10]. To study the consequences of the
interaction of RSV with dendritic cells 

 

in vitro

 

, we established a
model of the primary immune response using dendritic cells,
autologous naive T cells and the superantigen toxic-shock syn-
drome-toxin 1 (TSST 1) [11]. About 10% of the naïve T cells
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express the T cell-receptor chain V

 

b

 

2. These cells were stimulated
by TSST 1 and could be analysed by flow cytometry. Cultures
infected with RSV produced significantly less interferon-

 

g

 

 com-
pared to uninfected cultures.

These original experiments were performed with cells derived
from cord blood. In this study we evaluated whether cultures set
up with monocyte derived dendritic cells and naive T cells isolated
from the peripheral blood of older children give the same results.
In addition, we assessed whether individual levels of interferon-

 

g

 

generation persist during infancy and early childhood. Further-
more, we asked whether there is a difference between children
with a history of RSV bronchiolitis, children with mild disease,
and children without RSV infection.

 

PATIENTS AND METHODS

 

Ethics

 

The study was approved by the Research Ethics Committee of the
Ruhr University Bochum. Before enrolment of the participants,
an informed consent was obtained from the parents.

 

Participants
Children followed from birth  to  4 years  of  age.

 

Subjects who
participated in this part of the study were enrolled at birth in the
obstetric department of the Augusta Krankenanstalten Bochum.
In addition to cord blood, blood samples were obtained at 1 and
4 years of age. None of the children had respiratory distress dur-
ing the neonatal period and none of them had been hospitalized
up to 4 years of life. During the first RSV epidemic, parents were
contacted regularly. None of the children in this group had signif-
icant clinical signs of RSV mediated disease (see below). At birth,
all children were considered naive for RSV. By serology (see
below), at 1 year of age seven had contact with RSV and six not,
whereas at age 4 years all were positive for RSV.

 

Infants studied at 1 year of age.

 

For infants with RSV bron-
chiolitis, from November 1999 to April 2002, 27 children under
1 year of age and without concomitant chronic respiratory,
cardiac or other disease were hospitalized at the Pediatric
Department, St Josef Hospital Bochum Germany for RSV
bronchiolitis. The diagnosis of RSV infection was made with the
Abbott Testpack RSV from nasopharyngeal aspirates. The clini-
cal diagnosis of acute bronchiolitis required the presence of tac-
hypnoea (>55 breaths/min), wheeze, a prolonged expiratory
phase and crackles on auscultation recorded at some time dur-
ing the admission [12]. In addition, the presence of chest
indrawing, poor drinking and the need for oxygen supplementa-
tion was recorded.

For infants with mild RSV infection and infants without RSV
infection, 41 control children were selected from a cohort of chil-
dren followed from birth. Families lived in the catchment area of
the hospital. The mean difference in the birth dates between the
RSV children and their matched controls was 23 days (range 7–
45 days). None of them had respiratory distress during the neo-
natal period. One child had symptoms of atopic dermatitis before
RSV infection. None of the controls had been hospitalized for
respiratory symptoms between the neonatal period and their first
examination. During the RSV epidemic, parents were contacted
by telephone every second week and asked about the presence of
wheezing, cough, tachypnoea, poor drinking, chest indrawing or
oxygen supplementation. Infants were grouped as being unin-
fected with RSV or having had a mild RSV infection according to

the result of the anti RSV IgG enzyme-linked immunosorbent
assay (ELISA) (see below).

 

Study design

 

Children with RSV bronchiolitis as well as controls were re-exam-
ined at the mean ages of 1 year (5–9 months after the RSV epi-
demic) by one of the authors. The parents were interviewed
concerning background factors for recurrent respiratory disease
and respiratory symptoms during the RSV epidemic using a struc-
tured questionnaire.

Heparinized blood was taken to isolate naive T cells and cul-
ture dendritic cells. Samples were stored and a batch of one RSV
patient and one or two controls were tested simultaneously in the
same test. In addition, serum IgG antibodies against RSV were
analysed using enzyme-linked immunosorbent assay (Genzyme
Virotech, Rüsselsheim, Germany). Values of greater than 6 units
were regarded as positive.

Serum IgG antibodies to RSV were found in all 27 children
with bronchiolitis and in 15 of 41 controls (37%) (Table 1). All the
15 controls with anti RSV IgG antibodies had a history of a mild
respiratory infection with rhinitis and cough but without respira-
tory distress (in eight cases combined with wheezing) not requir-
ing hospitalization at the time of the RSV epidemic. The groups
were similar for 10 of 11 background factors, including family his-
tory of atopy/asthma. There were significant differences in the
number of siblings (Table 2).

 

Cell culture
Generation of dendritic cells from cord blood.

 

Haematopoi-
etic stem cells were isolated using anti-CD34 microbeads
(Miltenyi Biotec GmbH, Bergisch Gladbach, Germany) and
MiniMACS separation columns (Miltenyi Biotec). Cells were cul-
tured at 37

 

∞

 

C in a humidified atmosphere in the presence of 5%
CO

 

2

 

 for 12 days with rh-granulocyte-macrophage stimulating fac-
tor (GM-CSF) (100 ng/ml, Novartis, Nürnberg, Germany), rh-
tumour necrosis factor (TNF)-

 

a

 

 (2·5 ng/ml; Peprotech, Rocky
Hill, NJ, USA) and rh stem cell factor (SCF) (100 ng/ml; Pepro-
tech) in RPMI-1640 (Biochrom, Berlin, Germany) 10% fetal calf
serum (FCS) (Biochrom). Dendritic cells (DCs) were purified
by using anti-CD1a microbeads (Miltenyi Biotec) and an
AutoMACS separation device (Miltenyi Biotec) [13]. Cell ali-
quots were resuspended in cell freezing medium (10% dimethyl
sulphoxide in 45% FCS, 45% RPMI; Biochrom) at 10 

 

¥

 

 10

 

6

 

/ml to

 

Table 1.

 

Anti-RSV IgG at the age of 1 year and respiratory symptoms 
during the RSV epidemic*

Uninfected
(

 

n

 

 

 

=

 

 26)

Mild RSV
infection
(

 

n

 

 

 

=

 

 15)

RSV
bronchiolitis

(

 

n

 

 

 

=

 

 27)

Anti RSV IgG (units)* 2·8 22·4 17·3
(1–6) (14–30) (6–30)

Wheezing 0 8 25
Cough 10 12 27
Tachypnoea (

 

>

 

55 breaths/min) 0 0 27
Poor drinking 0 0 23
Chest indrawing 0 0 22
Oxygen supplemetation 0 0 20

*Data are presented as n or median (range).
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30 

 

¥

 

 10

 

6

 

/ml in rubber-gasketed microscrew cap tubes (Sarstedt,
Nümbrecht, Germany). The vials were transferred to a liquid
nitrogen freezing chamber.

 

Generation  of  dendritic  cells  from  monocytes.

 

Peripheral
blood monocytes were purified using anti-CD14 microbeads
(Miltenyi Biotec GmbH, Bergisch Gladbach, Germany) and cul-
tured at 37

 

∞

 

C in a humidified atmosphere in the presence of 5%
CO

 

2

 

 in RPMI-1640 supplemented with 10% FCS (Biochrom),
50 ng/ml GM-CSF and 1000 U/ml IL-4 for 6–7 days [14]. Cell ali-
quots were resuspended in cell freezing medium (10% dimethyl
sulphoxide in 45% FCS, 45% RPMI; Biochrom) at 10 

 

¥

 

 10

 

6

 

/ml to
30 

 

¥ 

 

10

 

6

 

/ml and frozen (see above).

 

Isolation of naive T cells.

 

Naive autologous CD4

 

+

 

CD45RA

 

+

 

T cells were obtained from the effluent of stem cell or monocyte
separations by negative sorting with anti-HLA-DR, anti-CD8,
anti-CD56, anti-CD45RO magnetic beads (Miltenyi Biotec) using
an AutoMACS separation device (Miltenyi Biotec) and frozen
(see above).

 

Preparation  of  RSV and  infection with RSV.

 

A viral stock
(RSV long strain) was prepared by infection of HEp2 cells as
described previously [13]. Cell lines and virus preparations were
tested for mycoplasma by polymerase chain reaction (PCR) with
a mycoplasma detection kit as described in the manufacturer’s
manual (American Type Culture Collection, Manassas, VA,
USA). Cell suspensions were incubated for 2 h with 1 ml of virus
at a multiplicity of infection (MOI) of 10. The inoculum was
removed and replaced by culture medium containing 10% FCS.

 

Co-culture and flow cytometry.

 

Because of the small amount
of blood that could be obtained, not all tests were performed in
every child. The number of mononuclear cells required for a set of
co-culture experiments was 6 

 

¥

 

 10

 

6

 

. Therefore, the number of tests
performed in every child depended on the number of mononu-
clear cells obtained. Cells were thawed and DCs were either left
unstimulated, infected with RSV or prestimulated with poly IC
10 

 

m

 

g/ml (Sigma, Taufkirchen, Germany) for 24 h. Co-cultures of
5 

 

¥

 

 10

 

3

 

 DCs and 5 

 

¥

 

 10

 

4

 

 autologous naive T cells/well in 96-well
flat-bottomed microtitre plates (Nunc, Wiesbaden, Germany)
were incubated with 10 ng/ml toxic shock syndrome toxin (TSST
1) (Toxin Technology, Sarasota, FL, USA) and analysed for cytok-
ine production by intracellular staining after 3 days of incubation.
Cytokine secretion was inhibited by brefeldin 1 

 

m

 

M

 

 (Sigma,

Taufkirchen, Germany) for 16 h. In a separate set of experiments,
after 3 days of culture with TSST 1 cells were stimulated with
10 ng/ml phorbol myristate acetate (PMA) and 1 

 

m

 

M

 

 ionomycin
for 5 h and cytokine production was inhibited by 2·5 

 

m

 

M

 

 mon-
ensin. The cytokines were measured in fixed and permeabilized
cells as described previously [15]. The permeabilized cells were
incubated with fluoroscein isothiocyanate (FITC)-labelled anti-
bodies against T cell-receptor (TCR)-V

 

b

 

2 chain (Beckman
Coulter, Unterschleissheim, Germany), and phycoerythrin (PE)-
labelled anti-interferon-

 

g

 

 or anti-IL-4 (Pharmingen, Heidelberg,
Germany) for 20 min at 4

 

∞

 

C (Medac, Hamburg, Germany). After
washing with saponin buffer the cells were resuspended in 200 

 

m

 

l
Hanks’s balanced salt solution (HBSS) for flow cytometric anal-
ysis with a FACScan

 

®

 

 flow cytometer (Becton Dickinson, Moun-
tain View, USA). Gating was performed as outlined in Fig. 1.

 

Statistics

 

Comparisons of results with and without RSV infection were per-
formed by Wilcoxon signed rank test. Correlations between mea-
surements at different time points were calculated by Spearman’s
rank test. For comparisons between groups, 

 

c

 

2

 

-test was used for
discrete variables. Kruskal–Wallis test and Dunn’s multiple com-
parison test as post-test were used for continuous variables using
the 

 

STATVIEW

 

 5·0 program package (SAS Institute, Cary, NC). A
value of 

 

P

 

 

 

<

 

 0·05 was regarded as significant.

 

RESULTS

 

RSV mediated inhibition in cord blood correlates with inhibition 
of interferon-

 

g

 

 production at 1 year and 4 years of age

 

Thirteen children were followed prospectively from birth and
underwent follow-up examinations at a mean age of 1 year and
4 years. Dendritic cells were derived from myelopoietic stem cells
at birth and blood monocytes at 1 year and 4 years. The dendritic
cells were infected with RSV and co-cultured with naive T cells
stimulated with TSST 1 for 3 days. Interferon-

 

g

 

 generation was
assessed by intracellular staining in V

 

b

 

2

 

+

 

 T cells, which are stim-
ulated preferentially by the superantigen TSST 1. As shown in
Fig. 2, RSV infection of dendritic cells resulted in a reduced rate
of interferon-

 

g

 

 production in co-cultured T cells irrespective of
the age at which the blood was obtained. In addition, the rate of

 

Table 2.

 

Evaluation of background factors at the age of 1 year*

Background factor
Uninfected

(

 

n

 

 

 

=

 

 

 

26

 

)
Mild RSV infection

(

 

n

 

 

 

=

 

 

 

15

 

)
RSV bronchiolitis 

(

 

n

 

 

 

=

 

 

 

27

 

)

 

P

 

-value

Heredity for atopy 9 8 9 0·4516
Heredity for asthma 3 2 7 0·3031
Male sex 17 8 13 0·4389
Smoking by father 19 10 13 0·1587

by mother 17 8 14 0·5715
during pregnancy 9 4 11 0·6555

Indoor furred animals 4 4 9 0·2416
No. of siblings 0·50 

 

± 

 

0·51† 0·75 

 

± 

 

0·45 1·53 

 

± 

 

1·40 0·0071
Mean duration of pregnancy (weeks) 39·9 

 

± 

 

0·8 39·8 

 

± 

 

0·9 39·3 

 

± 

 

1·2 0·221
Mean birth weight kg 3·6 

 

± 

 

0·3 3·6 

 

± 

 

0·4 3·4 

 

± 

 

0·6 0·2320
Breast feeding (months) 3·2 

 

± 

 

2·7 2·5 

 

± 

 

1·8 1·8 

 

± 

 

2·0 0·2435

*Data are presented as 

 

n

 

 or mean 

 

±

 

 s.d. †

 

P

 

 

 

=

 

0·0022 for uninfected 

 

versus

 

 bronchiolitis.
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interferon-

 

g

 

-producing cells did not change significantly with age.
At 1 year of age, RSV reduces interferon-

 

g

 

 generation in cultures
from children with (

 

P

 

 

 

<

 

 0·01) and without (

 

P

 

 

 

<

 

 0·03) previous
RSV  infection.  In  addition,  we  asked  whether  individual  levels
of interferon-

 

g

 

 generation persist during infancy and early

childhood. As shown in Fig. 3a, we found a significant correlation
between the frequencies of interferon-

 

g

 

-producing cells detected
in RSV-infected cultures from cord blood and from peripheral
obtained at 1 year as well as 4 years. In addition, a significant cor-
relation between results was obtained with cells from 1 year and
4 years of age.

 

Interferon-

 

g generation is reduced in patients with a history of 
bronchiolitis but not after mild RSV infection
In the next set of experiments, we asked whether there were dif-
ferences between children with a history of RSV bronchiolitis and
children with a benign course of RSV infection. The frequency of
interferon-g-producing cells was significantly lower (P < 0·001) in
cultures from children with a history of bronchiolitis compared to
children with mild RSV infection. Cultures from children without
infection displayed a wide range of results. Overall, interferon-g
generation in this group was still lower (P < 0·05) than in the
group with mild RSV infection. (Fig. 4a). In contrast, there was no
difference with regard to interleukin (IL)-4 generation between
the three groups (Fig. 4b).

Interferon-g generation in response to other stimuli
To assess whether the observed variations were confined to cul-
tures treated with RSV, RSV infection was omitted in parallel
cultures; in addition cultures were set up with poly IC to stimu-
late dendritic cells or restimulated with phorbolester/ionomy-
cin, potent inductors of interferon-g generation, at the end of
the culture. Under these conditions, there were no differences in
interferon-g generation between the three groups of children
(Fig. 5).

DISCUSSION

Respiratory syncytial virus is the most prominent pathogen caus-
ing airway infection in the first year of life. Interferon-g is essential
for limiting RSV infections. In mice, the resolution of RSV infec-
tion coincides with interferon-g production [16] and prophylactic
intranasal interferon-g gene transfer decreases RSV replication
and infection [17]. In human epithelial cells the interferon-g-
mediated inhibition of RSV infection involves the 2¢-5¢ oligoad-
enylate synthetase/RNase L pathway [18]. Because the most
severe infections occur between 6 weeks and 6 months of age [4],
RSV seems to interfere with the primary immune reaction.
Recently, we were able to show that RSV infection decreases the
rate of interferon-g-producing T cells in an in vitro model for the
primary immune reaction [11].

Fig. 1. Consecutive steps in the analysis of single cytokine production in
TCR-Vb2+ cells. (a) The complete lymphocyte population was identified
on the basis of morphological characteristics. (b) Cells were labelled with
fluorescein isothiocyanate (FITC) and phycoerythrin (PE) isotype con-
trols. A gate (R2) excluding the FITC isotype control labelled cells was
set. (c) Cells were labelled with FITC anti-TCR-Vb2 and PE isotype
control. Quadrants discriminating PE positive and negative cells were set.
(d) Cells were labelled with FITC anti-TCR-Vb2 and PE anti-interferon-
g. Interferon-g-producing cells were discriminated from nonproducing cells
within the TCR-Vb2+ cells and percentages were determined. (e) Percent-
ages determined in part (d) were given with the whole data set.
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The aim of this study was to elucidate whether this phenom-
enon could explain the occurrence of severe RSV infections. In a
first set of experiments we had to examine whether our culture
protocol, which originally makes use of cord blood cells, could also
be applied to cells obtained from the peripheral blood during early
childhood. Thirteen children were followed from birth to the
fourth year of life. Cultures were set up with monocyte-derived
dendritic cells, naive T cells and TSST 1 as stimulus mimicking
antigen. Cultures with cells from the first as well as the fourth year
of life showed a decrease in the rate of interferon-g producing
cells, as was observed with cord blood cells. Moreover, when com-
paring individual levels of interferon-g production, the rates
appear to be highly constant irrespective of serological proven
previous RSV infection. Thus, it is most probable that the results
reflect the influence of RSV on the primary immune response of
the individuals studied. This notion is backed by another line of
evidence. T cells used in the experiment were CD4+ CD45RA+

cells and thus bear the well-known markers of naive T cells [19].
In recent years the existence of CD45RA+ memory cells has been
reported [20]. However, these cells were found in patients [20] and
animals [21] after haematopoietic stem cell transplantation and
were found in adult recipients without a considerable thymic out-
put of naive cells. In our experiments we studied the peripheral
blood of healthy children up to 4 years of age who had presumably
had a high thymic output of naive cells. Thus, it is also conceivable
from this point of view that not memory but naive cells and thus
a model of the primary immune response was studied.

As the antigen used in the cultures was a superantigen, it is
most probable that the effect of RSV is unspecific. In fact, in a

previous report [13] we were able to demonstrate that RSV
infection of dendritic cells induced the release of prostaglandin
E2, IL-6, IL-10 and IL-11, whereas parainfluenza virus induced
only IL-6 and influenza induced predominantly IL-12p75. Only
CD86 but not MHC II and CD83 were up-regulated in response
to RSV infection. Thus, RSV induces only a partial maturation of
infected dendritic cells [11].

In addition, it has been shown that the non-structural proteins
of RSV might be responsible for suppression of the interferon-g
synthesis in RSV-infected cultures. Human [22] as well as bovine
[23] RSV non-structural proteins were recently demonstrated to
suppress interferon-a/b production and interferon-a/b are known
to be essential factors regulating interferon-g synthesis [24]. These
results are in line with our previous finding that the interferon-g
reducing effect in co-cultured naive T cells was observed only with
viable RS virus [11]. The non-structural proteins are only
expressed during viral replication.

In contrast to naive cells, it has been reported in the literature
that memory cells from children at 7 years of age respond to inac-
tivated virus with a considerable interferon-g generation [25].
Because interferon-g is an important mediator in limiting the rep-
lication of RSV [17] as well as in fully activating dendritic cells
[26], interferon-g production by memory cells might be important
for limiting RSV infection to local inflammation as is observed in
older children and adults.

In the second set of experiments we characterized children
with either a history of severe RSV bronchiolitis, a mild RSV
infection or no infection at the age of 1 year. The most interesting
results were obtained in cultures set up with RSV-infected den-

Fig. 3. RSV depressed interferon-g frequencies at birth correlate with low frequencies at 1 year of age and 4 years of age. Correlations are
demonstrated by diagrams in (a). (b) Original data from one typical example of measurements with cells obtained at the three time-points.
Flow cytometric measurements were evaluated as described in Fig. 1.
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Fig. 4. RSV modulated cytokine production in patients with a history of
RSV bronchiolitis and controls. Blood samples were obtained at 1 year of
age. Monocyte derived dendritic cells were infected with RSV (MOI 10)
and cultured with peripheral blood naive T cells and TSST 1 for 3 days.
The expression of interferon-g (a) and interleukin-4 (b) in TSST 1 reactive
Vb2+ cells was measured by flow cytometry as described in Methods. The
infants were grouped according to their history of RSV infection. Hori-
zontal lines denote the medians. Significant differences between the groups
are indicated.
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Fig. 5. RSV modulated cytokine production. Blood samples were
obtained at 1 year of age. Monocyte-derived DCs were cultured with
peripheral blood naive T cells and TSST 1 for 3 days. The expression of
interferon-g in TSST 1 reactive Vb2+ cells was measured by flow cytometry
as described in Methods. The infants were grouped according to their
history of RSV infection. Horizontal lines denote the medians. (a) Results
of untreated cells; (b) results obtained with poly IC stimulation and (c)
results after restimulation of the cells with PMA/ionomycin before cytok-
ine measurement.
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dritic cells. The group without infection comprised children with a
wide range of interferon-g production. The children who suffered
from severe bronchiolitis displayed remarkably low interferon-g
levels. In contrast, the group with mild infection showed signifi-
cantly high interferon-g levels compared to the two other groups.
Because we have ruled out that memory cells play a role in the
experiments performed, the most likely explanation for our
results is that a high generation of interferon-g protects from
severe RSV-mediated disease. Our finding is even more interest-
ing as differences were found neither in IL-4 generation in
response to RSV nor in interferon-g generation in response to
other stimuli such as poly IC mimicking double-strained RNA or
PMA/ionomycin as a potent T cell stimulus. These findings point
to the fact that low interferon-g generation is due to the interac-
tion with virus and not due to a low capacity to produce inter-
feron-g as such. Comparable results have been described for other
viruses. When exposed to rhinovirus, peripheral mononuclear
blood cells from asthmatic subjects produced significantly lower
levels of interferon-g than normal subjects [27,28].

For RSV, interferon-g generation has been examined before
in peripheral blood [7,29] or nasopharyngeal aspirates [30] from
children with ongoing infections. Children requiring oxygen [7]
or mechanical ventilation [29,30] display lower interferon-g lev-
els compared to children with a milder course of the disease.
However, it remains unclear from these studies whether the
observed differences are inherent to the immune system or are
due to different viral doses [31], treatment or stress [32] accom-
panying the illness. All these influences were eliminated in our in
vitro system.

Interestingly, in the group without infection, rates of inter-
feron-g-producing cells encompass a wide range of values. Low
rates were found in children with severe bronchiolitis, as well as
high rates as found in children with mild RSV infection. It is con-
ceivable that reaction to RSV infection is determined by genetic
factors and that those children who tend to a low interferon-g gen-
eration and in addition are infected at an early age will develop
severe bronchiolitis whereas the others will only suffer from mild
disease. This speculation is even more interesting, as gene poly-
morphisms associated with a severe course of RSV infection have
been reported for TGF-b [33], IL-4, IL-4 receptor-alpha [34,35]
and IL-10 [36]. Furthermore, an as-yet unidentified factor inter-
acting with RSV non-structural proteins [22,23] might exhibit
genetic polymorphism associated with severe disease.

Further understanding of the genetic basis of the interaction
of RSV and the host immune cells is desperately needed. This
may, on one hand, facilitate the identification of an ideal active
vaccine that protects the few children at risk but does no harm to
the others [37]. On the other hand, the expensive passive immu-
nization already available [38] might be restricted to those genet-
ically at risk to develop severe RSV mediated disease.
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