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Abstract: Cytokine responses play an important role in the pathogenesis of influenza infection. Previous studies
found that cytokine expressions in patients infected with the novel A (H1N1) influenza virus (nvA (H1N1)) could
reflect the severity of the disease. But the patterns of cytokine response in patients infected with seasonal influenza
virus and the correlations between cytokine responses and clinical data are still unknown. Seventy-two outpatients
for laboratory-confirmed seasonal influenza infection were studied: twenty-four seasonal influenza A patients and
forty-eight seasonal influenza B patients. Thirty healthy volunteers were enrolled as a control group. Serum samples
from influenza patients obtained on the admission day and 6 days later were measured for eight cytokines using
enzyme-linked immunosorbent assay (ELISA). The clinical variables were recorded prospectively. The levels of in-
terleukin (IL)-6, IL-33 and tumor necrosis factor (TNF)-o were significantly higher in influenza A patients than those
in the control group while IL-6, IL-17A, IL-29, interferon (IFN)-y and interferon gamma-induced protein (IP)-10 were
significantly higher in influenza B patients than those in the control group. Furthermore, IL-17A, IL-29 and IP-10 were
increased in seasonal influenza B patients when comparing with those in the seasonal influenza A patients. A posi-
tive correlation of IL-29 levels with fever (Spearman’s rho, P-values < 0.05) and a negative correlation of IFN-y and
IP-10 levels with lymphocyte count (Spearman’s rho, P-values < 0.05) were found in seasonal influenza infection.
While a hyperactivated proinflammatory cytokine responses were found in seasonal influenza infection, a higher
elevation of cytokines (IL-17A, I1L.-29 and IP-10) were found in seasonal influenza B infection versus influenza A. IL-
29, IFN-y and IP-10 were important hallmarks in seasonal influenza infection, which can help clinicians make timely
treatment decision for severe patients.
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Introduction

Infections caused by seasonal influenza occur
throughout the world annually and result in sig-
nificant illness and great economic losses [1].
Seasonal influenza is mainly self-limited, but
pregnant women, young children, elderly peo-
ple and people with underlying diseases are at
high risk for hospitalization and some may die
from the severe complications. The mortality
caused by the disease every year is estimated
to be 250,000 to 500,000 cases worldwide [2].
In addition, about 11 billion dollars is spent a
year in the US on the economic burden caused
by seasonal influenza [3]. Early studies demon-
strated an intense elevation of proinflammato-
ry cytokine levels in patients with seasonal
influenza infection [4-6]. However, the pathoge-

netic role and the importance of cytokines in
the clinical manifestations have not been fully
elucidated.

Cytokines play a significant role in the patho-
genesis of the new H1N1 influenza A infection
[7, 8]. Kim et al and Hagau et al have demon-
strated higher plasma levels of IL-6, TNF-q,
IP-10 in patients with the novel influenza A
(HAIN1) infection and that concentrations of
these cytokines correlated with disease severi-
ty [9, 10]. This would be helpful because some-
times it is difficult to distinguish between severe
and mild patients from the clinical manifesta-
tions. But few clinical studies were conducted
in humans with seasonal influenza infection
and there are limited data on cytokine
responses.
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Our aim was to measure serum levels of
proinflammatory cytokines in adult patients
with seasonal influenza infection to explore the
cytokine responses and determine whether
there are specific predictors associated with
severity of seasonal influenza.

Materials and methods
Patients and controls

Patients included in our study represent a sub-
set of patients enrolled in a multicenter clinical
trial assessing the efficacy of zanamivir in treat-
ment of seasonal influenza infection (NCTO-
1459081). All the patients were outpatients
recruited in the peak of the 2011/2012 influ-
enza season, between December 2011 and
April 2012, when A/H3N2 and type B were epi-
demic in China. Patient with 2009 pandemic
influenza A infection was not included in our
study. 30 healthy volunteers without chronic or
acute disease were recruited as normal control

group.

The study approval was obtained from the
Ethics Committee for Clinical Research of
Shanghai Changzheng Hospital, Second Mili-
tary Medical University. Written informed con-
sent was obtained directly from each patient or
their legal representative prior to inclusion in
the study and also from the healthy controls.

Inclusion criteria: Eligible patients were aged
18-65 years, presented within 48 hrs of onset
of flu symptoms, including fever (oral tempera-
ture 237.8°C) and at least two symptoms of
stuffy nose, sore throat, cough, myalgia, head-
ache, malaise and positive by quick antigen
diagnostic test kit (BinaxNow® Influenza A&B
Test, America) for influenza virus antigens from
nasopharyngeal swabs.

Exclusion criteria: Patients with bacterial infec-
tion, human immunodeficiency virus infection,
asthma or chronic obstructive pulmonary dis-
eases, or who were receiving steroids, immuno-
suppressants, antivirals, or other herbal medi-
cines, were excluded from this study. Children
under 12 years old, patients older than 65
years old and pregnant women were also
excluded to avoid confusion factors during the
analysis of the immune response to the virus.

All patients were assessed at enrollment and
during follow-up according to the standardized
data sheet. For each patient, the following data
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were registered: age, sex, underlying diseases
(diabetes, preexisting lung disease, and preex-
isting cardiovascular disease), body mass index
(BMI), laboratory test results (including hema-
tological and biochemical results) and radio-
logical findings. Symptoms were assessed by
influenza patients twice daily using a 4-point
scale (0, absent to 3, severe) from enrollment
until Day 6. Symptoms including temperature,
stuffy nose, sore throat, cough, myalgia, head-
ache and malaise were recorded. Total symp-
tom score for each time point was the sum of
each symptom score.

Samples and laboratory studies

Sample collection: Of the enrolled patients,
87.5% were male, and mean age of controls
was 44 years. Peripheral venous blood sam-
ples were taken immediately at the time of
recruitment (before antiviral therapy, if given),
and then on day 6 for blood counts, serum
chemistry and cytokine measurement. Serum
samples were obtained after centrifugation
(3000 g for 15 min) at 4°C and stored at -70°C
until analysis.

Viral diagnosis and Haemagglutination inhibi-
tion assay (HI): All the nasopharyngeal swabs
from the patients were collected at admission
and at the same time tested by a quick antigen
diagnostic test kit (BinaxNow® Influenza A&B
Test, America) forinfluenza Aand B. Subsequent
subtype determination of influenza virus was
performed by hemagglutinin inhibition (HI) test.
HI assays were performed on a 100 pl aliquot
of the samples in a biosafety level-lll laboratory
in Shanghai Public Health Clinical Center. The
sera was treated with Receptor-Destroying
Enzyme (RDE) (Denka Seiken, Tokyo, Japan) by
diluting one part serum with three parts enzyme
and incubated overnight in a 37°C water bath.
The enzyme was inactivated by a 30-minute
incubation at 56°C followed by the addition of
six parts 0.85% physiological saline for a final
dilution of 1/10. HI assays were performed in
U-bottom 96-well microtiter plates with 1.5%
guinea pig erythrocytes, using inactivated influ-
enza A /HIN1 antigens, A/H3N2 antigens, B/
Yamagata antigens and B/Victoria antigens
(National Institute for Biological Standards and
Control, NIBSC, England). The presence of influ-
enza virus was confirmed by the quick antigen
diagnostic test and HI results.

Cytokines quantification: IL-6, IL-17A, 1L-29,
IL-32, IL-33, TNF-, IFN-y and IP-10 were evalu-
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Table 1. Demographic, co-morbidities and clinical characteristics of the

patients

and interquartile range)
for non-normal distribu-

patients with sea- patients with sea-

sonal influenza A sonal influenza B |
infection (n=48) 3¢ temperature and total

Characteristics of patients
infection (n=24)

tions. Comparisons be-
P tween groups in oral

Age (years) 41 (32to 57)
Sex ratio 10/14
(male/female)

Underlying disease

Diabetes 1/24
Preexisting lung disease 1/24
Preexisting cardiovascular disease 1/24
Smoking history 8/24
Obesity (BMI > 30) 2/24
Presenting symptoms

Fever > 38°C 24/24
Stuffy nose 23/24
Sore throat 20/24
Cough 21/24
Myalgia 24/24
Headache 24/24
Malaise 23/24
Opacity in initial chest X-Ray 0

31(29t052) 0.264

symptom score were
performed using the In-

24/24 0.504
dependent Samples Te-
st. The Kruskal-Wallis
test was used for com-
0 parisons of cytokine lev-
2/48 1 els between groups. Cor-
0 relations between cyto-
20/48 0.494 kine concentrations and
5/48 1 clinical or laboratory
data were analyzed by
48/48 calculating the Spear—
39/48 0.185 man correlation coeffi-
cient (r). Any value of P <
44/48 0.507 0.05 was considered
48/48 statistically significant.
47/48
39/48 Results
45/48 1
0 Patient’s characteristics

Data presented as median (interquartile range), number (/) of patients. Chi-square test
was used for categorical variables and Mann Whitney U test for continuous variables in dif-
ferences in baseline characteristics between influenza A and influenza B patients.

ated with ELISA kits for quantitative determina-
tion. The detection sensitivities of IL-6, IL-17A,
IL-29, IL-32, IL-33, TNF-«, IFN-y, IP-10 detection
assays were 2 pg/ml (Drkewei, China), 31.25
pg/ml (Drkewei, China), 2.0 pg/ml (eBiosci-
ence, North America), 4 pg/ml (BioLegend,
America), 0.2 pg/ml (eBioscience, North
America), 0.13 pg/ml (eBioscience, North
America), 5 pg/ml (Drkewei, China), 1.0 pg/mi
(eBioscience, North America). And the detec-
tion ranges of IL-6, IL-17A, IL-29, IL-32, IL-33,
TNF-a, IFN-y, IP-10 detection assays were 6.25-
200 pg/ml, 62.5-4000 pg/ml, 15.6-1000 pg/
ml, 7.8-500 pg/mL, 7.8-500 pg/mL, 0.31-20.0
pg/mL, 12.5-400 pg/ml, 3.1-200 pg/mL.
These selected cytokines in our study were
based on prior studies [4, 5, 11-14]. Normal
serum reference ranges of the eight cytokines
were measured from 30 healthy controls.

Statistical analysis

Data analysis was performed using SPSS ver-
sion 17.0 and Graphad Prism. Data was
displayed as (mean and standard deviation)
for normal distributions, and as (median
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Overall, 24 seasonal in-
fluenza A and 48 sea-
sonal influenza B pa-
tients were enrolled in
our study. Their demographic, underlying condi-
tions and clinical characteristics are listed in
Table 1. No significant differences were found
in age, male to female ratio or clinical charac-
teristics between the two groups. Three
patients with seasonal influenza A infection
and two patients with seasonal influenza B
infection had underlying conditions which
including diabetes, preexisting lung disease
and preexisting cardiovascular disease (Table
1). Smoking was the common condition
observed in our patients. Normal results of
chest X-Ray was seen in all the patients (Table
1). All the patients in this study reported symp-
toms of acute respiratory viral infection on
entry. The most frequent occurrences were:
fever, myalgia, cough, malaise, sore throat,
headache, stuffy nose. In addition, nine pa-
tients (37.5%) in influenza A group and twenty-
three patients (46.9%) in influenza B group had
the temperature over 38.5°C. The patients
enrolled in this study were outpatients and
showed no difficulties with respiratory function.
All the patients in our study received antiviral
treatment with zanamivir (20 mg/day) on
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Figure 1. Levels of cytokines (IL-6, IL-17A, IL-29, IL-32, IL.-33, TNF-a, IFN-y and IP-10) in the three groups. The Kruskal-
Wallis test was used to compare cytokine levels.
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Table 2. Serum cytokine levels over time in seasonal influenza patients

in the serum was in-

vestigated by subjecting
P the data from the sea-

sonal influenza patients
to Spearman correlation
coefficient.

At entry before any antivi-

Cytokine
(;,;/ml) Day 1
IL-6
Influenza A 4.10 (0.40 t0 8.78) 0.34 (0.17 to 0.80) 0.005
Influenza B 2.27 (1.18 to0 4.74) 0.17 (0.12 t0 0.39) 0.000
IL-17A
Influenza A 0.00 (0.00 to 1.74) 0.00 (0.00 to 0.03) 0.119

Influenza B 81.97 (75.68 to 87.51)
IL-29

Influenza A 0.00 (0.00 to 1.78)

Influenza B 3.05 (0.00 to 7.58)
IL-32

Influenza A 0.58 (0.00 to 1.89)

Influenza B 0.21 (0.00 to 1.35)
IL-33

Influenza A 12.03 (10.28 t0 13.11)

Influenza B 0.87 (0.04 to 2.90)
TNF-o

Influenza A 0.67 (0.04 t0 5.89)

Influenza B 0.32 (0.00 to 1.40)
IFN-y

Influenza A 49.43 (2.05 to 68.89)

InfluenzaB  77.29 (48.63 to 103.70)
IP-10

0.37 (0.10 to 1.68) 0.000

0.00 (0.00 to 0.00) 0.254
0.00 (0.00 to 7.02) 0.256

0.00 (0.00t0 0.12) 0.066
0.12 (0.00 to 0.57) 0.671 and IFN-y were found

0.00 (0.00 to 0.05) 0.000
0.00 (0.00 to 2.30) 0.037

0.00 (0.00 to 0.08) 0.005
0.00 (0.00 to 0.00) 0.046

0.20(0.11t0 1.23) 0.005
1.64 (0.49 to 5.65) 0.000

ral treatment, serum con-
centrations of IL-6, IL-33
and TNF-a were higher in
seasonal influenza A pa-
tients than control sub-
jects (P < 0.05, Figure 1).
And greater serum levels
of IL-6, IL-17A, IL-29, IP-10

in influenza B patients
than in the control sub-
jects (P < 0.05, Figure 1).
Furthermore, the serum
levels of IL-17A, IL-29 and
IP-10 were higher in influ-
enza B patients versus
influenza A patients while
greater IL-33 concentra-
tion was observed in
influenza A patients than

Influenza A 210.40 (178.30 10321.30) 111.30 (100.40 10204.40) 0.010 i1 infiuenza B patients

Influenza B 522.90 (351.70 to 662.00) 216.70 (174.80 to 263.60) 0.000

(P < 0.05, Figure 1).

Data presented as median (interquartile range). IL, interleukin; TNF, tumor necrosis factor;
IFN, interferon; IP, interferon gamma-induced protein. Mann-Whitney U test was used to

compare the cytokine levels.

admission. And the treatment was well tolerat-
ed. In consistent with the protocol, patients in
this study could use acetaminophen and li-
quorice tablets as a rescue medication.

The results of subtype determination of sea-
sonal influenza infection by HI was defined as a
four-fold or greater increase in convalescent
serum antibody titres compared with acute
serum. All the patients in influenza A group
were subtype H3N2, while in influenza B group
thirty-six patients were B/Yamagata (75%) and
twelve were B/Victoria (25%).

Cytokine responses and correlations of
cytokine levels with Symptoms in Influenza
Infection

Serum obtained on day 1 and day 6 were exam-
ined for IL-6, IL-17A, 1L-29, IL-32, IL-33, TNF-«,
IFN-y, and IP-10. Correlation between the clini-
cal characteristics and cytokine levels observed

5597

Compared with control
subjects, no significant
difference of IL-32 levels
were observed in influen-
za A and influenza B patients (P > 0.05, Figure
1).

Serum cytokine levels showed a significant
reduction of IL-6, IL-33 and TNF-« in patients
with influenza A infection on days 6 compared
with admission (P < 0.05, Table 2). Serum cyto-
Kine levels in patients with influenza B infection
showed a significant reduction of IL-6, IL-17A,
IL-29, IFN-y and IP-10 on days 6 (P < 0.05, Table
2). Although there was not significant changes
of IL-29 levels over time, we found serum IL-29
appeared only in 35% patients in influenza B
group on day 6.

On day 1 before any treatment, we found IL-29
levels was positively correlated with tempera-
ture values (r=0.44, P=0.008, Table 3). IFN-y
levels was negatively correlated with lympho-
cyte count (r=-0.39, P=0.013, Table 3). We also
found IP-10 levels was negatively correlated
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Table 3. Correlations between serum cytokine levels
and clinical features of seasonal influenza patients

onday 1

Cytokine  Symptoms  Temperature Lymphocyte count
IL-6 0.022(0.452) 0.16 (0.204) -0.18 (0.158)
IL-17A -0.02 (0.461) -0.23(0.115) 0.21(0.116)
IL-29 0.20 (0.146) 0.44 (0.008) -0.10 (0.285)
IL-32 0.01(0.484) 0.03(0.439) 0.00 (0.495)
IL-33 -0.14 (0.225) -0.13(0.249) 0.27 (0.061)

TNF-o 0.06(0.824) 0.31
IFN-y -0.17 (0.191) 0.02
IP-10 0.07 (0.353)

(
(

0.257) 0.31(0.261)
0.456) -0.39 (0.013
0.25 (0.093) -0.44 (0.005

NOTE. IL, interleukin; TNF, tumor necrosis factor; IFN, interferon; IP,
interferon gamma-induced protein. ®Spearman’s rank correlation

coefficient (P).

with lymphocyte count (r=-0.44, P=0.005,
Table 3).

Discussion

In this study we found elevated serum concen-
trations of IL-6, IL-33 and TNF-a on admission
in patients with seasonal influenza A infection.
In addition, markedly elevated serum concen-
trations of IL-6, IL-17A, 1L-29, IP-10 and IFN-y
were detected in patients with seasonal influ-
enza B infection. However, these cytokine lev-
els in the influenza patients declined rapidly
over 5 days. All the eight cytokine levels
returned to normal on days 6. Serum IL-29 was
positively correlated with temperature values
while serum IFN-y and IP-10 were negatively
correlated with lymphocyte count. The three
cytokines might be the hallmarks of disease
severity. Such information may lead to timely
treatment in severe patients with influenza.

In a recent study comparing cytokine response
patterns in pandemic 2009 H1N1 and season-
al influenza infection among hospitalized
patients, higher levels of IL-6 and CXCL10/
IP-10 were found in seasonal influenza infec-
tion. And in contrast to seasonal influenza A,
levels of IL-17A and IFN-r were significantly high-
er in seasonal influenza B infection [6]. Several
in vitro and animal studies found strong induc-
tion of IL-29 and IL-33 in the lung of human
infected with both seasonal and pandemic
2009 HIN1 influenza virus [15-19]. Fur-
thermore, three previous studies showed that
IL-6, TNF-&, and IP-10 levels were the risk fac-
tors for complications and admission to the
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intensive care unit (ICU) in seasonal influen-
za infection [5, 20, 21]. These results sup-
port the rise of IL-6, TNF-«, 1L-33, IFN-y and
IP-10 found in both seasonal influenza A and
influenza B patients while higher levels of
IL-A7A, IP-10 and IL-29 were reported in sea-
sonal influenza B patients in our study. Of
note, higher concentrations of serum IL-29
and IL-33 have been shown for the first time
in patients infected with influenza virus in
our study.

IL-6, a marker of innate immunity, was

shown to induce excessive inflammation in

the lung and might dys-regulate the adap-

tive immunity, then forming a vicious cycle in

the influenza infection [22]. It has been pro-

posed that IL-6 is an important mediator of
fever and acute-phase reactions [23-25] and is
responsible for much of symptom formation
[26, 27]. TNF-q, like IL-6, a cytokine of innate
immunity, mediates systemic symptoms and
induces excessive lung tissue destruction dur-
ing influenza infection [10, 28]. Several studies
have reported higher serum levels of the two
cytokines in patients with the novel HIN1 influ-
enza infection and they also constitute the hall-
marks of critical illness [6]. In our study both of
the two cytokine concentrations were signifi-
cantly higher in patients with seasonal influen-
za A infection; however, TNF-a was not signifi-
cantly elevated in influenza B patients.
Interpretation of the result might be that the
influenza A virus was a stronger cytokine induc-
er than influenza B viruses [29]. In addition IL-6
and TNF-a were not correlated with clinical
characters in our study. Maybe the patients
recruited in our study were outpatients who
were not severe ones; thus, the cytokine activa-
tion was lower in our patients and we did not
find the relationship of IL-6 and TNF-« levels to
clinical characters.

There was a strong induction of adaptive-immu-
nity related cytokine (e.g. IL-17A, IFN-y and
IP-10) in seasonal influenza B patients in our
study. IL-17A, a key cytokine of Th17 cells, which
was previously known as IL-17, has been relat-
ed with numerous immune and inflammatory
responses by inducing expression of various
inflammatory mediators, such as adhesion mol-
ecules, proinflammatory and neutrophil-mobi-
lizing cytokines [25, 30]. There is emerging evi-
dence that Th17 adaptive immunity is effective
in clearing pathogens including influenza virus
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[5, 10, 25, 31]. Lee et al have reported that
higher serum levels of IL-17A was found in
severe non critical group of pandemic 2009
HAIN1 influenza and seasonal influenza B
patients, which could show a beneficial role of
IL-17A in host defense [5]. In the present study
elevated IL-17A was shown in seasonal influen-
za B patients but IL-17A was not the cytokine
responsible for symptom production. IFN-y
plays a role in virus control by orchestrating Th1
differentiated from T cells in influenza infection
[32]. Like IP-10, high levels of IFN-y were detect-
ed in seasonal influenza B infection and corre-
lated with lymphocyte count in our study. IP-10,
another cytokine of the adaptive Th1/Thi17-
immunity, has shown a higher increase in sea-
sonal influenza than pandemic 2009 H1N1
influenza [9]. Recent studies have reported that
in severe pandemic 2009 H1N1 influenza infec-
tion, T-cell functions were injured and the cyto-
kine response were downregulated [33]. In the
present study, IP-10 levels were higher in sea-
sonal influenza B patients versus the control
subjects and negatively correlated with lym-
phocyte count.

IL-29, a newly described cytokine, has a variety
of bioactivity, such as anti-virus, inducing target
cell death, regulating immune modulating func-
tion and modulating CD4* T-cell function [35].
IL-29 has been demonstrated to exert a direct
antiviral effect in response to influenza infec-
tion through activation of antiviral genes
Myxovirus 1 (MX1), Oligoadenylate synthetase
1 (OAS1), and interferon-stimulated genes56
(ISG56) [16]. Studies have also suggested that
the release of IL-29 can be induced in influenza
infection and allergic inflammation in the air-
way [16, 35]. In some reports, human macro-
phages and monocyte were shown to react to
IL-29 through producing IL-6, IL-8 and IL-10,
meaning that IL-29 is important in regulating
the innate immune response in viral infection
[36]. An additional view is that IL-29 can
increase MRNA levels of MIG and IP-10 in
human peripheral blood mononuclear cells
(PBMC) and pretreatment with [L-29 can
decrease the viral titer [37]. It is notable that
the cytopathic and cytokine response were dif-
ferent in different influenza virus strain infec-
tion. So in the present study, serum IL-29 levels
were found to be elevated in seasonal influenza
B patients for the first time and IL-29 was posi-
tively correlated with temperature value.
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IL-32, a key regulator in innate and adaptive
immune responses, has been reported to
induce the production of IL-13, IL-6, TNF-a and
chemokines through the signal pathway of
nuclear factor-kB (NF-kB) and p38 mitogen-
activated protein kinases (MAPKs) [38, 39].
IL-32 also plays an important role in various
autoimmune diseases, bacterial and viral infec-
tions [34, 40, 41]. It has been reported that
IL-32 expression can be activated by influenza
virus through the NF-kB and CREB pathways as
well as site-specific demethylation of CRE in
the IL-32 promoter [12]. In the present study,
IL-32 concentration was not elevated in
patients with seasonal influenza infection
because there was a weaker cytokine respons-
es induced by seasonal influenza virus than the
novel HIN1 influenza virus [29]. Wang et al has
shown that cytokine responses depends on
viral replication and the high viral titer and pro-
longed viral replication in the novel HIN1 influ-
enza results in a robust cytokine responses, far
stronger than seasonal influenza [16]. In addi-
tion, cytokine responses in seasonal influenza
are soon downregulated, shorter than the novel
H1N1 influenza.

IL-33, the latest IL-1 family member, presents
dual functionality. Among the functions that
IL-33 exert in the lung tissue, IL-33 was demon-
strated to play a role in the induction of muco-
sal immunity against the novel HLN1 influenza
A virus, which suggested a potent role of IL-33
as crucial amplifier of the immune responses in
viral infection [42]. Several mice in vivo and in
vitro studies have shown the profound expres-
sion of IL-33 in the new HAN1 influenza virus
infected lung tissue and bronchoalveolar lavag-
es [17, 18]. In the present study, we found a
significant elevation of IL-33 in seasonal influ-
enza A patients, in agreement with recent ani-
mal model studies.

Some limitations of our study should be consid-
ered. First, patients in our study were enrolled
at different stages of the disease meaning that
serum collected from patients was not at the
same time point. Second, children and elderly
people can’t inhale zanamivir orally in a correct
way and in consequence, the exclusion of chil-
dren and elderly people is another limitation.
However, children and elderly people are impor-
tant groups in seasonal influenza season. Third,
recruiting outpatients placed constraints on
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our blood sampling frame because it was
impractical to collect blood samples daily dur-
ing the first 6 days; thus, the time-sensitive
cytokine responses in the disease did not be
explored.
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