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Abstract. The pathogenesis of viral bronchiolitis is poorly 
understood. The aim of this study was to analyze interleukin 
(IL)-15, IL-18 and interferon (IFN)-γ concentrations and the 
activity of NK cells and CD4+ and CD8+ lymphocytes in 
23 children not older than 30 months of age with acute viral 
bronchiolitis using blood samples drawn within the first 24 h 
of their hospital admission, in comparison to a healthy group. 
In children with bronchiolitis, the mean concentrations of 
IL-15, IL-18 and IFN-γ were 9.39±11.55, 884.03±645.44 and 
17.92±27.14 pg/ml, respectively, and were significantly higher 
than those in the control group [2.34±0.61 pg/ml (p<0.05), 
248.69±98.73 pg/ml (p<0.001) and 2.75±1.72 pg/ml (p<0.005), 
respectively]. In the bronchiolitis group, mean z-scores were 
-1.15±1.9 for CD4+ cells and -0.9±1.23 for CD8+ cells; these 
scores were significantly lower than those of the general 
Polish population (p<0.001 and <0.01, respectively). However, 
the mean z-score of the ratio of CD4+/CD8+ and the NK cell 
count in children with bronchiolitis did not differ significantly 
from those of the controls. In conclusion, cytokines such as 
IL-15, IL-18 and IFN-γ play a role in the pathogenesis of 
bronchiolitis in children. 

Introduction

Bronchiolitis in children is a serious self-limiting disease 
(mortality rate <1%) of respiratory tract infections. However, 
in high-risk groups such as children with bronchopulmonary 
dysplasia, congenital heart disease or cystic fibrosis, mortality 

increases to 5-10%. The leading cause of bronchiolitis are 
viral infections, with the most common agent being respira-
tory syncytial virus infection (RSV) (60-80% of cases) (1-4). 
During RSV infection, the cytokine cascade is activated, 
leading to the activation of Th1 and Th2 lymphocytes. Thus, 
an increase in the concentrations of cytokines such as inter-
leukin (IL)-2, -6, -10, -12, -13 and a decrease in interferon 
(IFN)-γ and IL-4 concentrations are observed (5-12). During 
non-RSV viral infections, the Th1 type response of the immu-
nologic system with an increase in the IFN-γ concentration is 
commonly observed (5,8,13,14). 

IL-15 and IL-18 are relatively newly discovered cytokines 
that are produced principally by macrophages during immune 
response. IL-15 has multiple biological properties, including 
the induction of the production of other cytokines and the inhi-
bition of T-cell apoptosis (15,16). IL-18 is a pro-inflammatory 
cytokine with pleiotropic properties and plays a crucial role 
in the maintenance of Th1-cell response. This cytokine acti-
vates NK cells, leads to eosinophilia and increases histamine 
concentrations (17-20). There are various reports indicating 
that, during viral infection, IL-15, IL-18 and IFN-γ concen-
trations are elevated (21). A secondary increase in NK cell 
activity has also been reported (22). However, the role of IL-15 
and IL-18 in viral bronchiolitis in children remains unknown. 

The aim of this study was to analyze IL-15, IL-18 and 
IFN-γ concentrations and the activity of NK cells as well 
as CD4+ and CD8+ lymphocytes in children with acute viral 
bronchiolitis. 

Patients and methods

Twenty-three children with clinical presentation of viral bron-
chiolitis aged 3-30 months (median 9) were included in the 
study as the patient group. The concentrations of cytokines 
and T lymphocytes were analyzed in blood samples drawn 
within the first 2 h of hospital admission.

The control group consisted of 15 age-matched children 
for IL-18, 14 for IL-15 and 30 for IFN-γ. As a cut-off for the 
normal range of analyzed cytokines, values up to the 95th 
percentile were allowed. 

The concentrations of IL-15, IL-18 and IFN-γ were deter-
mined using ELISA: OPT EIA Human IL-15 (Pharmingen), 
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Human ELISA IL-18 (R&D systems), and the OPT EIA 
Human IFN Gamma kit (Pharmingen). 

CD4+, CD8+ and NK cell activity was analyzed using 
the Coulter Epics XL 40256 flow cytometer. Monoclonal 
antibodies against CD3, CD4, CD8, CD16 and CD56 (Dako) 
were applied. The cells with a CD3-(CD16+CD56)+ phenotype 
were defined as NK cells. Results were expressed as age- and 
gender-matched z-scores ± 1 SDS when compared to Polish 
population reference values (23). The Z-score was calculated 
using the equation: z-score = X - Xmean/SD, where X = the 
result and Xmean and SD are the mean value and standard 
deviation. The normal values were between the 5th and 95th 
percentile of the calculated z-scores (mean ± 1.645 SD of 
z-scores). 

The etiology of infection was identified with the sero-
logical Becton-Dickinson Directigen™ RSV test kit and with 
the Lencomm Euroimmun Pneumo FIDE M (RTP1) kit, 
which detect viruses such as RSV, adenovirus, influeza and 
parainfluenza. In cases where viral agents could not be diag-
nosed using these methods, the viral etiology of infection was 
defined according to the following criteria: WBC <12,000/µl 
with lymphocytosis, C-reactive protein (CRP) <5 mg/dl and 
procalcitonin (PCT) <0.5 ng/dl. In cases where bacterial infec-
tion was suspected based on a physical examination conducted 
in the pediatric emergency department, a chest X-ray (CXR) 
examination was additionally performed. Only cases in which 

the CXR was without inflammatory changes and peripheral 
oedema or atelectasis were included (17,24,25). Children with 
confirmed RSV infection were excluded from the study. 

The clinical scoring of the severity of the bronchiolitis 
was determined according to the criteria proposed by 
Papadopoulos et al (26), with modifications (Table I). 

Statistical analysis was carried out with Statistica PL 6.0 
using a Student's t-test and χ2 test with Yates' correction when 
appropriate. The level of significance was set at p<0.05.

The study was approved by the local ethics committee  of 
the Collegium Medicum in Bydgoszcz, Nicolaus Copernicus 
University. 

Results

In the children with bronchiolitis, the mean concentrations 
of IL-15, IL-18 and IFN-γ were 9.39±11.55, 884.03±645.44 
and 17.92±27.14 pg/ml, respectively, and were significantly 
higher than in the control group [2.34±0.61 pg/ml (p=0.0295), 
248.69±98.73 pg/ml (p=0.0009) and 2.75±1.72 pg/ml 
(p=0.0035), respectively] (Table II). 

At the time of presentation, the concentrations of cytokines 
in the children with viral bronchiolitis above the 95th percen-
tile of the control values were elevated for IL-15 in 19/23 
(82.6%) cases, for IL-18 in 18/23 (78.3%) cases and for IFN-γ 
in 17/23 (73.9%) cases, and were significantly higher than in 

Table I. Bronchiolitis severity scale.

Parameter	 Score
	 --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
	 1	 2	 3

Heart rate (beats/min)	 <120	 120-160	 >160
Breath rate (breaths/min)	 <40	 40-60	 >60
Wheezing	 Expiratory	 Inspiratory	 Heard without auscultation
Cyanosis	N ormal skin	M ild cyanosis	M oderate and serious cyanosis
Feedinga	R eadily	R eluctantly	 Oral feeding impossible
SaO2 (%)	 >98	 94-98	 <94

SaO2 with the use of pulsoximeter; anatural or artificial feeding. Score: ≤6, mild; 7-12, moderate; 13-18, serious bronchiolitis. 

Table II. Concentration of cytokines in children with bronchiolitis.

	IL -15 (pg/ml)	IL -18 (pg/ml)	I FN-γ (pg/ml)
	 ----------------------------------------------------	 ------------------------------------------------------	 ---------------------------------------------------
	C ontrol	ZO	C  ontrol	ZO	C  ontrol	ZO

No.	 14	 23	 15	 23	 30	 23
Mean	 2.34	   9.39	 248.69	 884.03	 2.75	   17.92
SD	 0.61	 11.55	   98.73	 645.44	 1.72	   27.14
Median	 2.45	   6.50	 274.80	 699.60	 2.13	     9.46
Min	 1.12	   2.72	   58.00	 143.32	 0.30	     2.27
Max	 3.18	 59.09	 358.50	 2,621.20	 6.12	 103.83
P-value	 0.0295	 0.0009	 0.0035
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the control group [1/35 (2.8%, p<0.0001) cases, 2/35 (5.7%, 
p<0.0001) cases and 2/33(6.1%, p<0.0001) cases, respectively] 
(Fig. 1). 

The mean value of z-scores for CD4+ and CD8+ cells in 
the bronchiolitis group was significantly lower than that of the 
general Polish population (CD4+, p<0.001 and CD8+, p<0.01) 
(Table III, Fig. 2). However, neither the mean z-score of the 
CD4+/CD8+ ratio nor the NK cell count differed significantly 
between the patients and the controls. At presentation, 12/23 
(52.17%) and 7/23 (30.4%) of patients had CD4+, CD8+ SDS 
values below -1.645 SDS (<5th percentile) (Table III, Fig. 2). 

No relationships were found between cytokine concentra-
tions and parameters such as age at the time of hospitalization, 
duration of hospitalization, respiratory rate, saturation, bron-
chiolitis clinical scoring, CRP and PCT. A positive correlation 
was found between IL-15 and time elapsed between the first 
symptoms and hospitalization (r=0.4893, p=0.024). IL-15 was 
also significantly related to IFN-γ (r=0.7776, p=0.0001). There 
were no significant correlations between CD4+, CD8+, CD4+/
CD8+ and age, time elapsed until hospitalization, duration 
of hospitalization, saturation, clinical scoring or CRP, but a 
significant correlation was found between the CD4+ count and 
PCT concentrations (r=0.9234, p=0.0001). No correlations 
were observed between NK cell count and IL-15, IL-18 and 
IFN-γ concentrations. A significant negative correlation was 
found between breath rate and NK cell activity (r=-0.4880, 
p=0.025).

Figure 1. Concentrations of IL-15, IL-18 and IFN-γ in children with bronchiolitis.

Table III. z-scores for NK cell activity and CD4+, CD8+ and CD4+/CD8+ ratio.

	N o.	 z-score	 z-score distribution
		  ---------------------------------------------------------------------	 -------------------------------------------------------------------------------------------------------------------
		  Mean ± SD	 Median (min-max)	 <-1.645	 -1.645 to 1.645	 >1.645	P -valuea

CD4	 23	 -1.15±1.90	 -1.31 (-5.13 to 3.47)	 12 (52.17%)	 10 (43.48%)	 1   (4.35%)	 0.001
CD8	 23	 -0.90±1.23	 -1.10 (-3.02 to 1.43)	   7 (30.43%)	 15 (65.22%)	 1   (4.35%)	 0.01
CD4:CD8	 23	 -0.06±2.13	 -0.78 (-2.33 to 7.81)	   2   (8.70%)	 18 (78.26%)	 3 (13.04%)	N S
NK cells	 23	 -0.17±1.85	 -1.15 (-2.11 to 4.72)	   6 (26.09%)	 13 (56.52%)	 4 (17.39%)	N S

aDistribution of z-scores in comparison to the normal range for the Polish population [Zeman et al, 1996 (23)].

Figure 2. z-scores for NK cell activity, CD4+, CD8+ and CD4+/CD8+ ratio.
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Discussion

To our knowledge, this is the first study to demonstrate that 
the cytokines IL-15 and IL-18 along with IFN-γ are involved 
in the pathogenesis of viral bronchiolitis in children. The 
mean concentrations of these cytokines, determined within 
the first 24 h following hospital admission, were significantly 
higher in children with bronchiolitis than in the control group. 
The incidence of increased concentrations of cytokines, over 
the 95th percentile of the normal values, was also observed 
more frequently in the bronchiolitis group. The activity of 
CD4+ and CD8+ cells was lower than in the controls, whereas 
the activity of NK cells did not differ significantly compared 
to the controls. 

Our results are corroborated by the indirect findings of 
Okamura et al (21) and Mueller et al (22), who found a signifi-
cant increase in IL-15, IL-18 and NK cell activity during viral 
infection. Others have reported a predominant increase in 
IFN-γ concentrations in children with bronchiolitis (5). This 
increase in IFN-γ concentrations appears to be secondary to 
the increase in IL-18 concentrations, as this interleukin is one 
of the most powerful agents stimulating the production and 
release of IFN-γ (20). The relationships between infection and 
IL-15 or NK cell activity are similar. IL-15 is a well-known 
activator of NK cells and T  lymphocytes (27). Therefore, in 
most viral infections, a primary elevation in IL-15 and IL-18 
and a secondary increase in NK cell activity and IFN-γ 
concentration are observed (28,29). This increase is noted in 
the presence of activation, predominantly of the TH1 type, of 
the cytokine cascade (30,31). Contrary to these findings, no 
elevation of CD4+, CD8+ or NK cell activity was noted in the 
present study, while an unexpected and significant decrease 
in the subpopulation of T lymphocytes was observed. The 
activity of NK cells did not differ significantly from that of 
the controls. However, in the first phase of viral infection, a 
decrease was observed in NK cell, CD4+ and CD8+ activity 
(14,32). It is possible that our data reflect these phenomena. 
Diminished values of NK cell, CD4+ and CD8+ activity may be 
risk factors for more serious infection, indicating the necessity 
of hospitalization. An increase in IL-15 concentrations in rela-
tion to the time elapsed before hospitalization was observed 
in our study, suggesting that IL-15 may also be a sensitive 
marker of the severity of the disease (33-35). Therefore, in 
future studies we will investigate the concentrations of IL-15, 
IL-18, IFN-γ, T lymphocytes and NK cells throughout the 
period of hospitalization for bronchiolitis. 

Interpretations of our results have some limitations. We 
used serological methods to define the etiology of bron-
chiolitis infection and excluded the RSV pathogen. These 
methods are of limited value, but at the time of the study 
molecular methods were not available. In that respect, we 
could not entirely exclude the RSV etiology, and it is likely 
that in some of the children more than one virus was identified 
(36). Moreover, our data were gathered using blood samples; 
in future, concentrations of the investigated cytokines should 
be determined from respiratory secretions as well. All of the 
aforementioned limitations may have impacted the obtained 
results. 

In summary, our results suggest that IL-15, IL-18 and 
IFN-γ participate in the generation of inflammatory response 

during bronchiolitis in children. During the initial phase of 
disease, a significant increase in IL-15, IL-18 and IFN-γ was 
noted, with a decrease in the activity of CD4+ and CD8+ and 
NK cells.
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