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Cytokine Response in Pediatric Patients With Pandemic
Influenza H1N1 2009 Virus Infection and Pneumonia:

Comparison With Pediatric Pneumonia Without
H1N1 2009 Infection

Yeo Hyang Kim, MD, PhD,1* Jung-Eun Kim, PhD,2 and Myung Chul Hyun, MD, PhD
3

Summary. Objectives: We investigated serum cytokine levels in pediatric patients with pan-

demic influenza H1N1 2009 virus (H1N1) infection-pneumonia and in pediatric patients with

pneumonia but without H1N1 infection, and examined correlations between cytokine levels and

clinical/laboratory findings. Methods: Fifty-seven cases of infection by H1N1 were confirmed by

RT-PCR and enrolled. Of these 57 cases, 26 had a severe H1N1 infection (group 1), and 31

had a mild H1N1 infection (group 2). Sera from 18 cases with pneumonia without H1N1 infec-

tion (group 3) were used as controls. The serum levels of 10 cytokines were determined by

multiplex assay. Results: The serum levels of IFN-a, IL-6, and IP-10 were significantly higher in

H1N1 infected cases than in group 3, and levels of IL-6 and IP-10 were significantly higher

in group 1 than in group 2. The level of IL-10 was significantly higher in groups 1 and 3 than in

group 2. However, levels of IFN-g and IL-17 were not significantly different between the three

groups. IL-1b, IL-4, and MIP-1a were not detectable in most patients. IP-10 and IL-6 levels

were found to show negative correlations with lymphocyte count and oxygen saturation. Con-

clusions: We found higher levels of cytokines (IFN-a, IL-6, IP-10) of innate immunity than those

of acquired immunity in pediatric H1N1 infection. Of the cytokines found to be increased in

cases with H1N1 infection, IP-10 and IL-6 were found to be correlated with disease severity

(lymphopenia and hypoxia). IP-10 and IL-6 may be important markers in pediatric H1N1 infec-

tion. Pediatr Pulmonol. 2011;46:1233–1239. � 2011 Wiley Periodicals,Inc.
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INTRODUCTION

Swine-origin H1N1 influenza virus infection was first
detected in Mexico during late March/early April in
2009, and subsequently, a pandemic influenza H1N1
2009 virus (H1N1 2009) infection swept many coun-
tries.1–3

The H1N1 2009 infection presented as a febrile re-
spiratory infection with variable symptoms, ranging
from self-limited to severe illness,1–3 which could have
been associated with host immune response. Recently,
T helper 1 and T helper 17 hypercytokinemia has been
reported in adult H1N1 2009 cases,4 and a study of pe-
diatric H1N1 2009 infection found that cytokine expres-
sions were significantly different between H1N1 2009
infection with pneumonia and without pneumonia, and
between cases of severe and mild pneumonia with
H1N1 2009 infection.5 However, the characteristics of
cytokine response caused by H1N1 2009 in the pediat-
ric patients are poorly understood, and it has not been
established whether cytokine responses in cases of

H1N1 2009 pneumonia differ from those of cases of
non-H1N1 2009 pneumonia.
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In this study, we measured and compared serum lev-
els of several cytokines in pediatric patients with H1N1
2009 infection and mild or severe pneumonia, and com-
pared the cytokine profiles of patients with H1N1 2009
pneumonia with those of patients with non-H1N1 2009
pneumonia. In addition, we investigated correlations be-
tween serum cytokine levels and clinical/laboratory
findings.

METHODS

Patients

Of pediatric patients with H1N1 2009 infection and
pneumonia admitted to the pediatric departments of two
medical centers from September 2009 to April 2010, 57
were enrolled in this study. Pediatric patients with
H1N1 2009 infection were admitted for 24–48 hr from
onset of fever and cough. Pneumonia was confirmed
clinically (crackle, wheezing, decreased breath sounds,
hypoxia, and tachypnea) and radiologically (consolida-
tion, atelectasis, and infiltration). To compare serum
cytokines levels, we allocated the 57 H1N1 2009
infected patients into two groups: group 1 (26 subjects)
with a rapid respiration rate for age [as described by
the tachypnea criteria of the World Health Organization
(WHO)],6 and group 2 (31 subjects) with an appropriate
respiration rate for age. In addition, 18 pediatric
patients with pneumonia without H1N1 2009 infection
were enrolled as controls (group 3). They also were ad-
mitted for 24–48 hr from onset of fever and cough.
Study approval was obtained from the Institutional Re-
view Boards at Kyungpook National University School
of Medicine and at Keimyung University School of
Medicine.

Samples and Laboratory Studies

To confirm H1N1 2009 infection, nasal or throat
swab specimens obtained at admission were tested for
the presence of viral RNA using an RT-PCR (real time
reverse transcription polymerase chain reaction) assay
(TaqMan1 influenza A assay sets, Applied Biosystems,
Carlsbad, California). To determine the etiology of
pneumonia infections, mycoplasma pneumonia enzyme-
linked immunosorbent assays, urinary streptococcal an-
tigen assays (BinaxNow1 streptococcus pneumonia, In-
verness Medical, Scarborough, Maine), and blood
cultures were performed. In addition, to identify respi-
ratory virus pathogens, RT-PCR was performed on na-
sal or throat swabs specimens (RV 12 ACE Detection,
Seegene, St. Ingbert, Germany). This RT-PCR testing
assay was capable of detecting metapneumovirus, ade-
novirus, corona virus 229E/NL63, parainfluenza virus
1/2/3, influenza A/B virus, coronavirus OC43/HKU1,
rhinovirus A/B, and respiratory syncytial virus A/B.

Serum samples for cytokine analysis were obtained
at admission (24–48 hr from onset of fever and cough)
and stored at �708C until assayed. Ten cytokines
were assayed in serum (interferon (IFN)-a, IFN-g, in-
terleukin (IL)-1b, IL-4, IL-6, IL-10, IL-17, interferon-
inducible protein-10 (IP-10), macrophage inflammatory
protein (MIP)-1a, and tumor necrosis factor (TNF)-a)
using the multiplex assay with Instrument Luminex1

200TM Total System (Luminex Corporation, Austin,
TX).

Statistics

SPSS version 18.0 was used for the statistical analy-
sis. Comparisons between groups were performed using
the non-parametric Mann–Whitney U-test. Data was
displayed as mean and standard deviation for laboratory
parameters (Table 1), and median and interquartile
range for data on the immune mediators levels (Figs. 1
and 2). Correlations between cytokine concentrations
and clinical or laboratory data were determined by
calculating the Spearman correlation coefficient (r). P-
values of <0.05 were considered significant.

RESULTS

Patients Characteristics

Patient characteristics are listed in Table 1. Of the
subjects, 65% were male, and 45% of these male
patients were included in group 1. Mean ages were not
significantly different in groups 1, 2, and 3. Group 1
and 2 were more likely to have asthma than group 3.
Initial hypoxia (room air saturation <92%)7 was dem-
onstrated by 78% of group 1 and was more common in
this group than in group 2 or 3 (P ¼ 0.000,
P ¼ 0.000). Wheezing was present in 39% of subjects
(50% of group 1, 29% of group 2, 39% of group 3).
Patients with H1N1 2009 pneumonia showed

lymphopenia and an elevated C-reactive protein (CRP)
level, and these were more prominent in group 1 than
in group 2 (P ¼ 0.015, P ¼ 0.000). All H1N1 2009
pneumonia patients were treated with neuraminidase
inhibitors and some patients required anti-inflammatory
adjuvant treatments, that is, systemic corticosteroid and/
or intravenous immunoglobulin, because of aggravated
respiratory symptoms (dyspnea or hypoxia).
Acute mycoplasma infection was diagnosed in eight

cases (3 in group 1, 3 in group 2, and 2 in group 3). No
case was found positive by streptococcal antigen testing
and blood culture. RT-PCR was performed to detect
concomitant respiratory virus infections in 42 children
(19 in group 1, and 23 in group 2), and 23 were found
to harbor co-infections (10 in group 1, and 13 in group
2). Three common co-infection viruses were non-H1N1
influenza A, respiratory syncytial virus A and human
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rhinovirus (HRV). Among group 3, respiratory virus
RT-PCR was performed in 18 children. Non-H1N1 in-
fluenza A, respiratory syncitial virus A and adenovirus
were found in 4, 2, and 1 patients, respectively. Eleven
children showed negative respiratory virus RT-PCR
result.

Cytokines Profiling

Serum concentrations of IFN-a, IL-6, and IP-10 were
higher in group 1 and 2 than in group 3 (P < 0.05)
(Fig. 1). Although IFN-a was not different between
group 1 and group 2 (P ¼ 0.422), IL-6 and IP-10 were
significantly higher in group 1 than in group 2
(P ¼ 0.009, P ¼ 0.027) (Fig. 1).

We found significantly different levels of TNF-a and
IL-10 between group 1 and group 2 (P ¼ 0.003,
P ¼ 0.000), and between group 2 and group 3
(P ¼ 0.046, P ¼ 0.026) (Fig. 2). However, the levels of
TNF-a and IL-10 were not different between group 1
and group 3 (P ¼ 0.389, P ¼ 0.183) (Fig. 2). No sig-
nificant group differences were found for serum IFN-g
and IL-17. Furthermore, the serum levels of IL-1b, IL-
4, and MIP-1a were undetectable in most subjects.

IL-6 and IP-10 levels were found to be negatively
correlated with lymphocyte count (r ¼ �0.317,
P ¼ 0.004; r ¼ �0.332, P ¼ 0.002) (Fig. 3) and IP-10
level was also found to be negatively correlated with
oxygen saturation (r ¼ �0.386, P ¼ 0.000) (Fig. 4).

DISCUSSION

We compared serum cytokine levels of H1N1 2009
and non-H1N1 2009 pneumonia patients, and investi-
gated correlations between cytokine levels and clinical/

laboratory findings. Of the 10 cytokines included in this
analysis, significantly higher IFN-a, IL-6, and IP-10
levels were found in H1N1 2009 pneumonia patients
than in non-H1N1 2009 pneumonia patients. Further-
more, significant negative correlations were found be-
tween serum IL-6 and IP-10 levels and disease severity
(lymphocyte count, oxygen saturation) in H1N1 2009
pneumonia patients. These results suggest that typical
innate immunity is more activated by H1N1 2009 than
by other viral infections.
In a recent study using an animal model, strong in-

duction of IFN-a, IL-4, IL-5, and IL-10 in the lung of
mice and markedly higher levels of MCP-1, MIP-1a,
IL-6, and IL-18 in the lung of macaques were found in
H1N1 2009 infection than in a seasonal H1N1 infec-
tion.8 One adult study reported higher serum levels of
T-helper 17 mediators (IL-6, IL-8, IL-9, IL-17), T-help-
er 1 mediators (TNF-a, IL-15, IL-12p70), and type-II
interferon (INF-g) in H1N1 2009 patients with severe
infection.4 Others have reported higher serum levels of
pro-inflammatory cytokines and chemokines in H1N1
2009 infected patients with acute respiratory distress
syndrome than in mild group and control.9,10 Further-
more, these two previous studies demonstrated that
PaO2 levels and PaO2:FiO2 ratios were negatively cor-
related with serum IL-6 and IL-8 levels.4,10 The first
autopsy case infected by high copy number of H1N1
2009 showed elevation of IL-2R, IL-6, IL-8, IL-10, IP-
10, and IFN-a in the serum and lung tissue, and diffuse
alveolar damage in microscopic examination.11 These
results in this autopsy case11 and previous reports 4,9,10

could support high cytokinemia of IL-6 and IP-10 that
was showed in group 1 than in group 2 and 3 in the
present study. More hypoxic patients were enrolled in

TABLE 1—Clinical and Laboratory Characteristics of the Patients

Group 1 Group 2 Group 3

Number of patients 26 31 18

Sex (M:F) 22:4 19:12 8:10

Age, median (range) 7 yr (3–11 yr) 6 yr (4 mo–16 yr) 5 yr (3–13 yr)

Underlying disease 5 Asthma 4 Asthma 0

O2 saturation, mean (SD)(%) 92.2 (2.8)� 96.2 (3.3) 96.5 (2.0)

Hypoxia (no) 20/26 5/31 1/18

WBC, mean (SD)(/mm3) 11,680 (3,595)� 8,184 (3,764) 8,750 (3,119)

Lymphocyte, mean (SD)(/mm3) 632 (359)� 1,713 (1,312)y 2,014 (1,847)

CRP, mean (SD)(mg/dl) 7.1 (4.3)� 2.6 (2.6) 2.9 (3.9)

Neuraminidase inhibitors (no) 26/26 31/31 0/18

Cephalosporin (no) 26/26 21/31 8/18

Macrolide (no) 26/26 30/31 13/18

Steroid (no) 6/26 4/31 2/18

IVIG (no) 3/26 0/31 0/18

M, male; F, female; yr, year; mo, month; SD, standard deviation; no, number; WBC, total white blood

cell count; CRP, C-reactive protein; IVIG, intravenous immunoglobulin.�P < 0.05 versus group 2 and group 3.
yP < 0.05 versus group 3.
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group 1 and levels of IL-6 and IP-10 were negatively
correlated with oxygen saturation. High cytokinemia of
IL-6 and IP-10 may be derived from lung in severe
H1N1 2009 cases and represent the degree of lung
involvement and the severity of infection.
In the present study, IL-6 (a marker of innate immu-

nity) levels were significantly higher in H1N1 2009
infected patients than in non-H1N1 2009 infected
patients, and this was particularly true for H1N1 2009
infected patients with severe pneumonia. Our results
are in accord with previous adult and pediatric
studies.5,9,10

In the present study, we found that IP-10 (also a
marker of innate immunity) levels were significantly
higher in H1N1 2009 infected patients than in non-
H1N1 2009 infected patients. Furthermore, like IL-6,
IP-10 levels were also increased, especially in those
with severe pneumonia. IP-10 levels were found to
be negatively correlated with lymphocyte count and

Fig. 1. Levels of cytokines (IFN-a, IL-6, IP-10) in the three

groups. Median, quartiles, and range are shown. The Mann–

Whitney test was used to compare cytokine levels.

Fig. 2. Levels of cytokines (TNF-a, IL-10) in the three groups.

Median, quartiles, and range are shown. The Mann–Whitney

test was used to compare cytokine levels.

1236 Kim et al.

Pediatric Pulmonology



oxygen saturation in H1N1 2009 infected patients. In
patients with H1N1 2009 infection, lymphocyte count
and oxygen saturation were also found to be negatively
correlated with disease severity (Table 1). This correla-
tion between IP-10 levels and disease severity may be
associated with its pro-inflammatory properties. In adult
studies, serum IP-10 levels were found to be elevated in
hospitalized H1N1 2009 infected patients, in H1N1
2009 infected patients with mild symptoms, and in crit-
ical patients with H1N1 2009 infection.4,10 Increased
IP-10 levels have also been reported for other respirato-
ry viruses, such as, in primary bronchial and tracheal
epithelial cells and lung microvascular endothelial cells
infected with H5N1.12 Furthermore, HRV persistence

and HRV positive asthma exacerbations have also
been reported to be associated with IP-10 gene
expression.13,14

IL-10 is an anti-inflammatory cytokine with a known
immunomodulatory action. In a study of H1N1 2009
infected adults, serum IL-10 was higher in critical and
non-critical hospitalized patients than in outpatients
with a mild infection.4 In a pediatric study, although
serum IL-10 was no different in H1N1 2009 infected
patients with severe pneumonia and those with mild
pneumonia, IL-10 levels were significantly higher in
H1N1 2009 infected patients with pneumonia than in
those without pneumonia.5 Furthermore, these findings
regarding IL-10 concur with our results. Because IL-10
is an anti-inflammatory cytokine with immunomodula-
tory properties, elevated IL-10 in severe disease may
reflect additional efforts to control disease, and thus,
IL-10 be might be useful for the treatment of severe
disease.
IFN-g is a cytokine associated with innate and adap-

tive immunity, whereas TNF-a is associated with innate
immunity, and both have been reported to be expressed
at higher levels in patients with severe H1N1 2009 in-
fection.4,5,10 However, in the present study, the serum
levels of these cytokines were similar in the three study
groups.
On the other hand, we found that the serum levels of

several cytokines associated with innate immunity were
significantly elevated, whereas IL-17 (associated with
adaptive immunity) was expressed at similar levels in
the study groups, which supports the findings of another

Fig. 3. Correlations (A) between IL-6 and lymphocyte count,

(B) between IP-10 and lymphocyte count.

Fig. 4. Correlations between IP-10 and initial oxygen saturation

in room air on the admission day.
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pediatric study.5 We evaluated the serum level of IL-4
(a typical TH2 cytokine) to investigate a possible
association between H1N1 2009 infection and allergic
response. Twenty-two of these 57 patients showed
wheezing, but IL-4 was not detected in most of these
22 patients, suggesting the lack of an association be-
tween H1N1 2009 infection and allergic response.
Furthermore, other immune mediators, such as, IL-1b
and MIP-1a, were also not detected in the majority of
these patients.

Current opinion suggest; (1) respiratory viral infec-
tions cause lung inflammation and damage, (2) inflam-
mation caused by pneumonia may be a more important
than infections caused by virus or bacteria, and (3) anti-
inflammatory treatment (including corticosteroid treat-
ment) should be considered in addition to antibiotic
in some cases.15–17 Although use of corticosteroids in
H1N1 2009 infected patients remains controversial, sev-
eral adult studies have reported that corticosteroid was
administered because pro-inflammatory cytokine levels
were elevated, and that it significantly reduced inflam-
matory response.10,13,18,19 In addition, the use of corti-
costeroids showed some favorable outcome and no
harmful consequences.16,17 In the present study, some
patients with more severe symptoms and rapid disease
progression were treated with adjuvant systemic corti-
costeroid. Twelve of our 75 patients (6 in group 1, 4 in
group 2, and 2 in group 3) received corticosteroids, and
all appeared to benefit and achieved a good outcome.
We suggest that corticosteroid would decrease pro-
inflammatory cytokine levels (IFN-a, IL-6, and IP-10)
in H1N1 2009 infected pediatric patients, and that this
would ameliorate severe disease.

The limitations of our study are a small number of
subjects and the lack of a comparison with a specific
respiratory viral infection. Furthermore, healthy chil-
dren were not enrolled as controls.

In conclusion, we found higher levels of cytokines
(IFN-a, IL-6, and IP-10) of innate immunity than those
of acquired immunity in pediatric H1N1 2009 infection.
In particular, serum IP-10 and IL-6 levels were found to
be negatively correlated with disease severity. Our find-
ings suggest that IP-10 and IL-6 are important markers
in pediatric H1N1 2009 infection. We believe that a
more thorough understanding of cytokine response to
H1N1 2009 infection is likely to be an important aid to
treatment decision making.
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