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Background: Primary respiratory syncytial virus (RSV) infec-
tions are characterized by high levels of IL-8 and an intense 
neutrophilia. Little is known about the cytokine responses in 
secondary infections. Preschool children experiencing RSV sec-
ondary infections were recruited from the siblings of infants 
admitted to hospital with RSV acute bronchiolitis.
Methods: Fifty-one infants with acute bronchiolitis (39 RSV 
positive, 12 RSV negative) and 20 age-matched control infants 
were recruited. In addition, seven older siblings of infants from 
the RSV-positive cohort and confirmed RSV infection were 
recruited. Samples of nasal secretions were obtained using a 
flocked swab, and secretions extracted using centrifugation. 
Cytokine bead array was used to obtain levels of interleukin 
(IL)-17A, IL-8, IL-6, IL-21, and tumor necrosis factor-α.
results: Levels of IL-8 and IL-6 were significantly lower in the 
RSV-positive siblings compared with the RSV-positive infants. 
There were no significant differences between levels of the 
other cytokines in the primary and secondary infections.
conclusion: The very high levels of IL-8 and IL-6 response 
characteristic of the primary RSV infection was not observed in 
secondary RSV-positive infections and this did not appear to 
be due to a global reduction in cytokine production.

the respiratory syncytial virus (RSV) is responsible for 
annual epidemics of respiratory disease affecting the whole 

population. Its impact is most marked in the very young with 
up to 2% of all infants being hospitalized with an RSV infec-
tion during their first winter (1–4). Worldwide, RSV is respon-
sible for many millions of hospitalizations and many tens of 
thousands of deaths (5). The acute illness is characterized by 
an intense neutrophilia within the airways (6,7) driven in large 
part by high levels of IL-8 (8) driving recruitment accompanied 
by prolonged survival of neutrophils (9). Neutrophil products 
such as myeloperoxidase and human neutrophil elastase (8) 
contribute significantly to mucosal inflammation leading to 
increased airways secretions, coughing, and sneezing. Hence, 
neutrophils appear to play a central role in the causation of 
symptoms, and it is likely that they contribute to transmission 

of the virus through the increased generation mucus and thus 
of infected aerosolized droplets.

It is also possible that neutrophils play a role in limiting viral 
replication and therefore contribute to clearance of the virus in 
humans although direct evidence for this is lacking. One study 
involving bovine RSV infection of calves (10) suggested that 
neutrophils were capable of taking up the virus. Studies uti-
lizing highly purified RSV, in which contaminating cytokines 
generated during culture of the virus were removed, indicate 
that neutrophils do not have innate recognition and signal-
ing systems for RSV (11), although their function is indirectly 
influenced by products from activated macrophages (12).

Data from studies involving other pulmonary pathogens 
such as Streptococcus pneumonia suggest that the release of 
interleukin (IL-17) from CD4 T cells (TH17) is extremely 
important in enhancing the ability of neutrophils to kill the 
organisms in the airways (13,14). Hence, the generation of 
pathogen-specific IL-17 cells may be an important compo-
nent of effective secondary responses to respiratory patho-
gens (15). IL-17-producing T cells are induced in primary 
infections through pathways that involve STAT3 and IL-6 
(16,17). High levels of IL-6 have been found in the airways 
of infants with RSV bronchiolitis (18,19), and a number of 
studies have identified IL-17 in the airways (20–24) and 
plasma (21,24) of infants with RSV infection. Two studies 
have found lower levels of IL-17 in the airways of the most 
severely affected infants, and the authors suggested that 
higher IL-17 levels were associated with protection against 
more severe disease (21,24). Hence, it is possible that the 
induction of IL-17-producing lymphocytes may represent 
one of the mechanisms contributing to limiting RSV replica-
tion in subsequent infections.

In order to compare cytokine responses in primary and 
secondary RSV infections, nasal samples were obtained from 
infants admitted to hospital with a primary RSV infection and 
from preschool-aged siblings of these infants who were mani-
festing symptoms of an upper respiratory tract viral infection. 
The study design was based on the well-established observa-
tion that most infants are infected with RSV during their first 
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winter and that all have been infected by the end of their second 
winter, while re-infection with the virus is frequent through-
out life, including during the preschool years (25–28). Hence, 
infants admitted to hospital with a severe RSV infection will 
be experiencing a primary infection, while their symptomatic 
preschool siblings with an RSV infection would be experienc-
ing a secondary infection.

RESULTS
Table 1 contains clinically relevant data for each of the patient 
groups included in this study. There was no significant differ-
ence in the ages of the infants in any of the three groups.

The levels of all measured cytokines in the nasal secretions 
of infants with RSV bronchiolitis were elevated compared with 
controls. The inflammatory response in those without RSV was 

table 1. Demographics of each patient group with 95% confidence interval (CI) where relevant

Male: 
female ratio Disease Number

Range 
of ages 

(months)

Mean age (months) 
(CI) (corrected for 
gestational age)

Days from onset 
of symptoms to 

sample (CI)

% requiring 
oxygen 
therapy

I: infant Control 0.66 None 20 1–10 6.3 (5.44–7.26) — —

II: infant RSV –ve 1.4 Bronchiolitisa 12 0.8–11 6.1 (5.06–7.14) 7.4 (5.4–9.4) 41

III: infant RSV 
positive

1.05 Bronchiolitis 39 0.5–12 6.9 (5.87–7.93) 6.3 (5.4–7.2) 61

IV: older sibling of RSV-positive infant RSV 
positive

0.75 URTI 7 18–42 31.2 (26.8–35.6) 8.3 (7.18–9.42) —

aViruses identified by PCR: adenovirus (1), metpneumovirus (2), parainfluenza (2), influenza (1), rhinovirus (2), and none (4).

table 2. Geometric means (GM) of interleukins and their 95% confidence intervals (CI)

IL-17A  
(pg/ml) GM (CI)

IL-8  
(pg/ml) GM (CI)

IL-6  
(pg/ml) GM (CI)

IL-21  
(pg/ml) GM (CI)

TNFα  
(pg/ml) GM (CI)

I: infant control 8.2 (7.3–9.1) 41.1 (21.2–79.7) 3.2 (2.4–4.3) 49.3 (44.7–54.5) 3.4 (3.0–3.8)

II: RSV-negative infant 12.2 (8.1–18.2) 239.5 (69.1–855.4) 6.1 (2.7–13.6) 56.8 (42.6–75.6) 5.5 (3.0–10.1)

III: RSV-positive infant 15.7 (11.3–21.7) 509.3 (306.3–846.8) 19.2 (10.9–33.5) 72.1 (58.1–89.4) 7.5 (2.8–13.6)

IV: RSV-positive sibling 9.2 (5.7–14.8) 66.7 (28.1–158.6) 3.27 (2.3–4.6) 66.1 (44.2–98.9) 3.1 (1.9–5.2)
P values refer to differences of interleukins logarithmic values in each group, detected with ANOVA.
Statistically significant differences between groups, for each interleukin:
IL-8: RSV-positive infant–infant control (P < 0.001); RSV-positive infant–RSV-positive sibling (P = 0.013), RSV-negative infant–infant control (P = 0.017)
IL-17A: RSV-positive infant–infant control (P = 0.017)
IL-6: RSV-positive infant–infant control (P < 0.001), RSV-positive infant–RSV-positive sibling (P = 0.027)
IL-21: RSV-positive infant–infant control (P = 0.018)
TNFα: RSV-positive infant–infant control (P = 0.008).
CI, confidence interval.

Figure 1. Cytokine levels in the nasal samples from RSV-positive infants and their older siblings (excludes infants in whom RSV infection was not con-
firmed in older sibling). (a) IL-8, (b) IL-6, (c) IL-17a, (d) IL-21, and (e) TNF. Blank boxes indicate RSV-positive infants, and filled boxes indicate RSV-positive 
siblings.
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less intense with only the elevation of IL-8 levels reaching sta-
tistical significance when compared with control infants, while 
all five cytokines were significantly elevated in the RSV infant 
group. Levels of IL-8 in the nasal secretions of RSV-positive 
infants were greater than those observed in the RSV-negative 
cohort (Table 2).

Data for only those RSV-positive infants who had a RSV-
positive sibling and that for their siblings is presented in 
Figure 1. Levels of both IL-8 and IL-6 in nasal secretions from 
older siblings, all of whom had a clinically significant upper 
respiratory tract symptom, were significantly lower than those 
observed in their infant RSV-positive siblings. In contrast, lev-
els of IL-17a, IL-21, and tumor necrosis factor-α (TNFα) were 
not statistically different in the two groups. Consequently, the 
relative concentrations of the former two cytokines and later 
three were significantly different when comparing the two 
groups. The data for relative ratio of these cytokines in all four 
study groups is presented in Table 3.

DISCUSSION
This is the first study comparing the pattern of inflammation 
seen during an acute severe primary RSV infection with that 
observed in a secondary infection in preschool children. The 
results suggest that there are key differences in cytokine pro-
files during primary and secondary infections. Levels of IL-8 
and IL-6 were significantly lower during the secondary infec-
tions, but this was not the case for the other cytokines, suggest-
ing significant differences in the relative contributions of these 
cytokines to the inflammation associated with infection.

Inflammation in the upper and lower airways of infants 
with acute bronchiolitis is dominated by an intense neutro-
philia, and this is accompanied by release of products, such 
as human neutrophil elastase and metalloproteases which are 
likely to be driving much of the immunopathology observed 
in the primary infection (6–8). This neutrophilia is driven 
predominantly by high levels of IL-8 produced in response to 
RSV. A recent study assessing the relationship between IL-8 
levels, neutrophils, and symptom severity during respiratory 

viral infections has confirmed our previous observations that 
neutrophil numbers correlate with IL-8 levels and that both 
IL-8 levels and neutrophil numbers correlate closely with 
symptom severity (29). The authors found this relationship 
to be consistent across a range of respiratory viruses. In our 
current study, we again found very high levels of IL-8 in the 
upper respiratory tract of infants admitted with acute bron-
chiolitis. However, levels in their older symptomatic siblings 
experiencing a secondary infection were an order of magni-
tude lower. Given the close correlation between IL-8 levels, 
neutrophil numbers, and symptoms severity noted in the 
above studies, this finding is likely to be a key observation 
in explaining why the symptoms associated with second-
ary infections are generally much milder than the primary 
infection. It is also of note that levels of the proinflammatory 
cytokine IL-6 were also significantly lower in the secondary 
infection. These differences may simply be due to lower viral 
loads resulting in a less intense inflammatory response, but 
if this were the case, it would be anticipated that levels of all 
cytokines would be reduced proportionally during the sec-
ondary infection. This was not the case in that while levels of 
IL-17A, IL-21, and TNFα were all slightly lower in the older 
siblings as compared to their infant sibling, these differences 
were not significant, indicating a disproportion fall in both 
IL-8 and IL-6.

The data indicating greater levels of key proinflammatory 
cytokines in those infants with acute RSV bronchiolitis as 
compared to levels in non-RSV cases are consistent with the 
observed patterns of hospitalization in which the majority of 
cases of acute bronchiolitis are attributable to RSV infection 
and that those with RSV infection remain in hospital longer 
than the RSV-negative subjects. The epidemics of RSV infec-
tion occurring each winter appear to be attributable to a com-
bination of poor herd immunity (30,31) with infants being 
particularly severely affected due to relatively poor passively 
acquired immunity (1,30–34), relatively small airways and a 
more intense inflammatory response (6).

As noted in the introduction, previous studies have identi-
fied IL-17 to be present in the airways of infants with RSV 
bronchiolitis (21–24). We had hypothesized that levels of 
IL-17 may have been higher during secondary infections. 
While this does not appear to be the case, IL-17 levels in 
both the primary and secondary infections being very simi-
lar the source of IL-17 may have differed between primary 
and secondary episodes. The elevated levels of IL-17 noted in 
the nasal secretions during primary infection are likely to be 
driven from a nonspecific innate response with neutrophils 
being one of the key contributors (35). During the secondary 
infection, production of IL-17 may be attributable to specific 
Th17 lymphocytes. The high levels of IL-6 observed in the 
airways of infants with a primary RSV infection would favor 
differentiation of a proportion of lymphocytes toward an 
IL-17-producing phenotype. A recent review (36) concluded 
that data from studies involving RSV-infected infants as 
well as animal models and in-vitro work with RSV-infected 
epithelium supported this suggestion. The potential role of 

table 3. Geometric means (GM) and their 95% confidence intervals 
(CI) of interleukins ratios

RatioIL-17A: 
IL-8GM (CI)

RatioIL-17A: 
IL-6GM (CI)

RatioIL-6:IL-8 
GM (CI)

I: infant control 0.19 (0.13–0.34) 2.55 (2.06–3.17) 0.07 (0.48–0.12)

II:  RSV-negative 
infant

0.05 (0.02–0.13) 1.99 (1.20–3.29) 0.02 (0.01–0.05)

III:  RSV-positive 
infant

0.02 (0.01–0.03) 0.67 (0.44–1.03) 0.03 (0.029–0.04)

IV:  RSV-positive 
sibling

0.12 (0.04–0.2) 2.81 (2.23–3.39) 0.04 (0.01–0.12)

P values refer to differences among the corresponding logarithmic values of the ratios 
in each group detected with ANOVA.
Statistically significant differences between groups, for each interleukin ratio:
IL-17A:IL-8: RSV-positive infant–infant control (P < 0.001), RSV-positive infant– 
RSV-positive sibling (P = 0.026), RSV-negative infant–infant control (P = 0.016)
IL-17A:IL-6: RSV-positive infant–RSV-negative infant (P = 0.008), RSV-positive  
infant–infant control (P < 0.001), RSV-positive infant–RSV-positive sibling (P = 0.015)
IL-6:IL-8: RSV-positive infant–infant control (P = 0.12).
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TH17 cells in contributing to protection against repeated 
infection was also highlighted in a study which demon-
strated that the RSV NS1protein, which acts as an interferon 
antagonist, specifically suppresses proliferation and activa-
tion of both CD103+CD8+ cells and TH17 cells (37).

While there has been much interest in the role of IL-17 
in the pathogenesis of chronic, autoimmune diseases such 
as rheumatoid arthritis, it also appears to have a benefi-
cial role in acute bacterial infections such as those due to 
pneumococcal pneumonia (13,14). Little is known about its 
role in respiratory viral infections. It is possible that it may 
contribute to improved clearance but IL-17 is also known to 
enhance IL-13 production, which in turn leads to increased 
mucus production and hence IL-17 is likely to be contribut-
ing to symptoms attributable to the excessive airways secre-
tions characteristic of acute viral respiratory infections. The 
dynamics of IL-17 production and overall impact on symp-
toms and duration of illness of IL-17 production remain 
unclear. One study found that IL-17 levels in the noses of 
infants admitted with RSV bronchiolitis who were not ven-
tilated were higher than in those who required mechanical 
ventilation (21). They also found that during the recovery 
phase IL-17 remained elevated while levels of other proin-
flammatory cytokines such as IL-8 and IL-6 fell (21). The 
authors speculated that IL-17 was contributing to both pro-
tection from more severe disease and resolution of the ill-
ness. In contrast, Bermejo-Martin et al. (22) found lower 
levels of IL-17 in nasal secretions of infants with RSV bron-
chiolitis at discharge as compared to admission. The same 
group also found IL-17 levels in nasal samples taken 1 year 
after an admission with RSV bronchiolitis were elevated 
compared with controls (23).

The relatively small subject groups particularly the older 
siblings with RSV infection is a potential limitation in this 
study though the magnitude of the changes in IL-8 and IL-6, 
together with the relatively narrow range of cytokines, make 
it unlikely that the results would be significantly different 
with greater numbers. No older age-matched controls for the 
older RSV-positive siblings were recruited. This would have 
provided information regarding the relative increase of cyto-
kines during the acute illness from expected baseline, but this 
would not influence the conclusion about the different pattern 
of responses in the primary and secondary illnesses. Nasal 
samples rather than bronchoalveolar lavage samples were used 
for this study, as it would be impossible to obtain bronchoal-
veolar lavage samples from older siblings. This, however, does 
not influence the conclusions of this study as it has been long 
established that the cytokine and cellular profiles during acute 
RSV infections are very similar in the upper and lower airways 
(6,38), leading to the routine use of nasal sampling for such 
studies.

In summary, this is the first study that compares inflam-
matory responses in primary and secondary RSV infections. 
Levels of the key proinflammatory cytokines, IL-6 and IL-8, 
appear to be significantly reduced in the secondary infection, 
while other potentially important cytokines were not signifi-
cantly different.

METHODS
The study was approved by the Sheffield Research Ethics Committee. 
Written informed consent was obtained from the parents of all the 
subjects.

Subjects
Subjects were recruited during two consecutive winter RSV epidem-
ics during the period November–March. Infants (patients less than a 
year of age) admitted to the Sheffield Children’s Hospital with a clini-
cal diagnosis of acute bronchiolitis were recruited. Infants who had a 
previous diagnosis of bronchiolitis were excluded. A single nasal sam-
ple was obtained as soon after admission as possible. The presence of 
RSV and other viruses was determined using PCR and immunofluo-
rescence in all subjects. Primary RSV infection was therefore defined 
as children in their first year of life (and hence their first RSV season) 
presenting with a first bronchiolitic illness, who were RSV positive.

A nasal sample was also obtained from older preschool aged sib-
lings of the RSV-positive cohort who had evidence of a significant 
upper respiratory tract infection. The samples underwent testing for 
RSV as well as for cytokine assays. Those who were RSV positive were 
assumed to be experiencing a secondary RSV infection and were 
included in the study. This assumption is based on the fact that it is 
well recognized that almost all children will have had RSV at least 
once previously by their second birthday (25–28).

Control infants were recruited from patients who were attending 
the hospital with nonacute, non respiratory problems. They were 
recruited outside of the RSV season and had no recent history of 
respiratory viral infections.

The subjects formed four groups (i) control infants without evi-
dence of respiratory tract infections (n = 20); (ii) infants with acute 
bronchiolitis due to respiratory viruses other than RSV (n = 12); (iii) 
infants with RSV-positive acute bronchiolitis (n = 39); and (iv) older 
preschool siblings of group one patients with upper respiratory tract 
symptoms who were also RSV positive (n = 7).

Nasal Swab Sampling
Sampling was performed by a single investigator and involved intro-
ducing a soft flocked nasal swab (COPAN, Brescia, Italy) a fixed dis-
tance of 2 cm into a nostril and rotating it once to soak up secretions 
within the nostril as previously described (39). The tip of the swab was 
put into a plastic vial containing 0.5 ml of UTM-RT virus transport 
medium (COPAN) and the applicator stick broken off.

The cotton bud was subsequently rotated in the plastic vial within 
an isolation hood and the vials then centrifuged at 1,200 rpm for 
10 min. The swab was removed, and the vial containing the media 
and nasal secretions was stored at -70 °C.
Measurement of Cytokines and Chemokines by Cytokine Bead 
Array
All samples from the study were defrosted and analyzed as a single 
batch. Levels of IL-6, IL-8, IL-17α, IL-21, and TNF were measured 
using standard commercially available Cytokine Bead Array kits and 
a FACSArray Flow Cytometer (Becton Dickinson, Erembodegem, 
Belgium). Assays were performed in the Flow Cytometry Core Facility 
in the School of Medicine and Biomedical Sciences, University of 
Sheffield, and standardized using appropriate controls.

Statistical Analysis
The distributions of cytokines values and their ratios were highly 
positively skewed and so we summarized our data using their geo-
metric means and their corresponding 95% confidence intervals. 
Furthermore, in order to perform a valid analysis, we proceeded in 
logarithmic transformation of the data using the natural logarithm 
with base e. The log-transformed data followed the normal distri-
bution and so we were able to use parametric tests for our analysis. 
The order of a data set is preserved after log-transformation, and the 
P values computed after transformation applies to original data (40).

We used ANOVA for comparisons between groups, and Bonferoni 
post hoc test to identify the pairs of groups where statistically signifi-
cant differences existed. We also applied a multiple regression model 
using IL-8 as the response variable and IL-6, IL-17A, IL-21, and TNF 
as explanatory variables taking into account the classification by 
groups.
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