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Cytokine (interleukin 6 [IL-6] and tumor necrosis factor alpha [TNF-a]) activity in nasopharyngeal
secretions of 21 infants and children (19 days to 16 months old) infected with primary respiratory syncytial
virus was determined by an enzyme-linked immunosorbent assay. IL-6 and TNF-a were detectable in 100% (21
of 21) and 67% (14 of 21) of cases during the course of infection, respectively. Generally, TNF-a activity was
high in the acute phase and declined thereafter, sometimes to undetectable levels. IL-6 activity was also highest
in the acute phase and declined thereafter in infants younger than 5 months, while in patients older than 5
months, it increased during the course of the disease to peak in the early convalescent phase. These observa-
tions suggest that inflammatory cytokines are produced in vivo in infants and children in response to primary
respiratory syncytial virus infection and may be involved in disease pathogenesis. However, the mechanism of
induction of cytokines may be different for infants and children in different age groups.

Respiratory syncytial virus (RSV) is the leading cause of
severe lower respiratory tract disease in infants and young
children (7, 18). The pathogenesis of RSV-induced bronchioli-
tis is poorly understood (6, 19). The mechanisms of injury of
the human lung in RSV infection are thought to be secondary
to viral replication in airway epithelial cells as well as to the
local immune response (6, 7, 19). Alveolar macrophages are
thought to be a possible target for RSV infection as well as for
infection by other respiratory viruses (9, 20) and may be en-
gaged as the first line of defense (3, 14, 15, 17), since they
produce a wide range of immunological mediators such as
tumor necrosis factor alpha (TNF-a), interleukin 1 (IL-1),
IL-6, and IL-8 in response to RSV infection (3, 16, 17). These
studies were done in vitro with macrophages derived from
either normal adults or adults with RSV infection. RSV rep-
lication and expression of IL-1 and TNF-a in alveolar macro-
phages were confirmed at the cellular level in a recent study of
infants with RSV infection (8). The production of TNF-a and
IL-6 in response to intranasal inoculation of high-dose RSV
has been demonstrated in vivo in mice (4). However, cytokine
activity in the site of infection in infants and children during
primary RSV infection has not yet been quantitatively ana-
lyzed. The aim of the present study was to confirm the capacity
of RSV infection in infants and children to induce TNF-a and
IL-6 production in vivo and to clarify the kinetics of their
development. In addition, we examined the relationship of
cytokine production to the development of secretory immune
response against RSV.

MATERIALS AND METHODS

Subjects. The study population consisted of 21 Japanese infants and children,
15 boys and 6 girls, ranging in age from 19 days to 16 months, with primary RSV
infection. All subjects were inpatients of Sapporo Medical University Hospital
between 1990 and 1993. Informed consent was obtained from each parent for the

performance of the study. The nutritional and immunological status of each
subject was considered normal. No premature babies were included. A detailed
medical history was taken to exclude cases with possible recurrent RSV infection.
Subjects over 6 months of age with high immunoglobulin G (IgG) antibody
activity to RSV in acute-phase serum were also excluded from the study (data not
shown). RSV infection was confirmed by virus isolation in tissue culture from
nasopharyngeal secretion (NPS), and virus group determination of isolated vi-
ruses was carried out by enzyme-linked immunosorbent assay (ELISA) using
several cross-reactive and subgroup-specific monoclonal antibodies, as described
previously (12, 21). The clinical type of illness was determined by the definition
of Mufson et al. (10).
Samples of NPS for initial diagnosis of RSV infection and for determination

of cytokine and RSV-specific IgA antibody activity were obtained serially during
the course of illness. NPS was soaked with 1 to 2 ml of minimal essential medium
supplemented with 2% fetal calf serum. After centrifugation (1,5003 g, 10 min),
the supernatant was frozen at 2708C until examination.
Total IgA concentrations of NPS were determined by ELISA with a standard

IgA preparation, as described previously (23).
Cytokine assays. The determinations of IL-6 and TNF-a activity in NPS were

carried out in duplicate with commercially available ELISA kits (Quantikine; R
& D System, Inc.). Standard curves were prepared for all ELISAs. The detection
limits of the tests were 10 and 50 pg/ml for IL-6 and TNF-a, respectively.
Cells and viruses. The RSV Long strain (prototype group A) and 58-17 field

strain (group B), which was isolated in 1983 in Sapporo, Japan, were prepared
and propagated in HEp-2 cell culture monolayers (12).
Assay for antibody to RSV. RSV-specific IgA antibody activity in NPS samples

was determined by tissue culture ELISA as described previously (24). The RSV
Long or 58-17 strain was used as the solid-phase antigen depending on the group
(A or B) of RSV which was isolated from subjects. Acetone-fixed virus-infected
or mock-infected HEp-2 cell plates were blocked with 1% bovine serum albumin
(BSA)-phosphate-buffered saline (PBS) for 2 to 3 h. One-tenth-milliliter NPS
samples which had been serially twofold diluted with 0.2% BSA-PBS were added
in duplicate to the wells, and the wells were incubated for 1 h at 378C. After
washing the plates, peroxidase-labeled goat anti-human IgA (MBL, Nagoya,
Japan) was added. After incubation for 1 h at 378C, substrate was added to each
well. Specific absorbance was calculated by subtracting the mean absorbance of
two wells with uninfected cells from the mean absorbance of two wells with
virus-infected cells. The ELISA titers in NPS samples were expressed as the
highest dilution that gave a specific absorbance of more than 0.1.
The cytokine activity and IgA antibody ELISA titer in NPS samples were

uniformly adjusted to a total IgA content of 0.1 mg/ml (11) because the thick-
nesses of the NPS samples obtained were different.
Geometric mean titers (GMT) for patients in different age groups were de-

termined. For the purpose of calculating the GMT, specimens with cytokine
levels under the limit of detection were given a value of one-half of the levels of
the limit of detection. Statistical comparison between groups was done with the
Wilcoxon test.
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RESULTS

Temporal kinetics of IL-6 and TNF-a activities. Patients
were divided into two age groups, those younger and those
older than 5 months of age. Of the 21 individuals, all were
febrile, 5 had bronchitis, 14 had bronchiolitis, and 2 had pneu-
monia. In both age groups, bronchiolitis was the dominant type
of illness. There were no significant differences in the propor-
tions of the clinical types of illness between these two groups
(data not shown). RSV infection in all patients was severe
enough to require hospitalization. Of the 11 infants younger
than 5 months, 9 and 2 were infected with group A and group
B RSV, respectively. Of the 10 infants older than 5 months, 8
and 2 were infected with group A and group B RSV, respec-
tively.
The temporal kinetics of the IL-6 and TNF-a activities ob-

served in NPS during primary infection are shown in Fig. 1. In
general, clinical symptoms of lower respiratory tract infection
with RSV became worse until several days after the onset of
illness, and in most instances, uneventful recovery occurred
within 7 to 12 days (7). NPS samples collected for cytokine
assay were divided into three groups on the basis of the interval
between the onset of illness and sample collection: the acute (1
to 5 days), early convalescent (6 to 10 days), and middle con-
valescent (11 to 15 days) phases after the onset of infection.
IL-6 activity in patients younger than 5 months was high in

the acute phase and declined thereafter. IL-6 activity in the
acute phase (1 to 5 days; 2,740 6 2,410 pg/ml) was significantly
higher than that in the early (6 to 10 days; 640 6 550 pg/ml)
and middle (11 to 15 days; 480 6 440 pg/ml) convalescent

phases (all values are GMT 6 standard deviation; P , 0.01 for
both comparisons). On the other hand, in patients older than
5 months, the peak IL-6 activity in NPS was obtained during
the early convalescent phase of infection. The activity in the
early convalescent phase (6 to 10 days; 2,900 6 2,030 pg/ml)
was significantly higher than that in the acute phase (1 to 5
days; 1,280 6 980 pg/ml) and that in the middle convalescent
phase (11 to 15 days; 600 6 630 pg/ml) (all values are GMT 6
standard deviation; P , 0.01 for both comparisons).
There was no significant difference in the GMT of peak IL-6

activity between patients younger than 5 months and those
older than 5 months (P . 0.2).
TNF-a activity was detected in 6 of 11 and 8 of 10 patients

younger and older than 5 months, respectively. In almost all
patients tested, TNF-a activity was high in the acute phase and
declined thereafter. TNF-a activities of the acute phase (1 to 5
days) in the younger and older groups (870 6 1,240 and 725 6
610 pg/ml, respectively) were significantly higher than those
observed in the early convalescent-phase samples (6 to 10 days;
69 6 96 and 254 6 300 pg/ml, respectively) (all values are
GMT 6 standard deviation; P , 0.05 for both comparisons).
Correlation of cytokine activity and RSV-specific IgA anti-

body activity. Peak RSV-specific IgA antibody titers in the
samples collected during the middle convalescent phase (11 to
15 days) were adjusted to total IgA content and correlated with
the peak IL-6 or TNF-a activity in each subject. No significant
correlations were observed between the development of RSV-
specific IgA antibody in the convalescent phase and the peak
IL-6 activity during the course of infection (r 5 0.086; 0.5 , P
, 1) (Fig. 2a). There was also no correlation between peak
RSV-specific IgA antibody activity and peak TNF-a activity in
NPS (r 5 0.350; 0.2 , P , 0.4) (Fig. 2b).

DISCUSSION

This is the first report of the quantitative analysis of devel-
opment of IL-6 and TNF-a in infants and children with pri-

FIG. 1. Temporal pattern of cytokine (IL-6 and TNF-a) levels in NPS during
primary infection with RSV. Patients were divided into two groups by age at
infection, 0 to ,5 months and 5 to 16 months. Cytokine levels were corrected to
a total IgA content of 0.1 mg/ml. Bars indicate GMT 1 standard deviations.

FIG. 2. Correlation between the activity of NPS ELISA anti-RSV IgA anti-
body in the middle convalescent phase and peak activities of NPS IL-6 (a) or
TNF-a (b) during the course of primary infection with RSV. The NPS ELISA
titers and cytokine levels were corrected to a total IgA content of 0.1 mg/ml.
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mary RSV infection. Significant IL-6 and TNF-a activity could
be detected in the NPS of all and 67% of patients tested,
respectively. The origin of these cytokines remains to be de-
termined. They might be produced by alveolar macrophages
(3, 8, 16, 17) and/or airway epithelial cells (3). TNF-a has been
shown to induce the migration of neutrophils and mononuclear
cells to the site of infection (13). TNF-a has been also shown
to have antiviral activity (22). On the other hand, IL-6 has been
shown to stimulate mucosal B lymphocytes (2). Thus, the in-
creased production of these cytokines within several days
postinfection suggests that they may be involved in disease
pathogenesis early during infection as antiviral or immunoac-
tive agents in the respiratory tract (3, 4, 17).
Of particular interest is the observation of differences in

kinetics of development of IL-6 activity between infants
younger than 5 months and that of older patients. IL-6 activity
was high in the acute phase in the younger infants, while it
peaked in the early convalescent phase in patients older than 5
months. No such tendency was seen in the kinetics of TNF-a
activity.
Peak levels of both IL-6 and TNF-a activity in lung tissue

from a mouse inoculated with high-dose RSV were detected at
day 1 postinoculation (4). On the other hand, in lung tissue
from an influenza virus-infected mouse, IL-6 activity continued
to increase during the course of infection in spite of the decline
of other cytokines such as TNF-a, IL-1, and gamma interferon
(5). Our results with IL-6 in older infants seem to parallel
those of the mouse model, although in this study, a bioassay,
not the ELISA methods, was used for determination of cyto-
kine activity.
IL-6 activity could be induced in older patients after the

infection subsided, in response to another stimulus such as
TNF-a, which is primarily induced by RSV infection. TNF has
already been shown in vitro to be a potent inducer of IL-6
mRNA in bronchial epithelial cells as well as RSV infection
(3).
Maternal factors may affect cytokine production in patients

younger than 5 months. Preexisting (maternal) anti-RSV anti-
body may influence the IL-6 production in the acute phase of
infection, possibly via the formation of immune complexes. In
older patients, however, the enhancement of cytokine produc-
tion with immune complexes might start only after indigenous
RSV-specific antibody appears at the site of infection during
the early convalescent phase. The effect of RSV-antibody com-
plex on IL-8 release from granulocytes in vitro has been de-
scribed recently (1).
It has been confirmed that IL-6 plays an important role in

the terminal stages of mucosal immune responses, especially of
the IgA antibody class, in the mouse model (2). However, in
this study, no apparent positive correlation between peak IL-6
activity and the development of RSV-specific IgA antibody in
respiratory tract was observed. The role of the development of
cytokines in the respiratory tract on the outcome of RSV
infection in infants and children remains to be elucidated.
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