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Purpose: Viral infection is the most common aggravating factor for childhood asthma. Asthma may be a risk factor for severe respiratory symptoms
in children with lower respiratory tract infections of viral etiology. Influenza A infection enhances Th2-polarization to house dust mites during the
acute phase and leads to lung dysfunction in a mouse model. However, there are no data on the relationship between atopic sensitization and H1N1
(Influenza A) infection in humans. To investigate whether atopic sensitization is associated with the severity of HIN1 pneumonia, we compared clin-
ical features and the atopic sensitization rate between children with and without HIN1 infection. Methods: Using reverse transcription-polymerase
chain reactions, we investigated H1N1 virus infection in 214 children who were hospitalized with high fever and respiratory symptoms from Septem-
ber 2009 to February 2010. We also performed immunoassays for total and specific IgEs to six common aeroallergens. Atopy was defined as positiv-
ity for more than one specific IgE. The clinical severity of pneumonia was evaluated based on intensive care unit admission, oxygen therapy, steroid
therapy, and atelectasis. Results: There were 70 H1N1-positive children, 42.9% of whom had pneumonia. Children with HIN1 infection were old-
er and had a higher prevalence of atopic sensitization and pneumonia compared with H1N1-negative children. The rate of atelectasis was higher in
children with HIN1 pneumonia than in children with non-HTN1 pneumonia. Among children with HIN1 viral infection, those with atopic sensitiza-
tion had a higher prevalence of intensive care unit admission and oxygen therapy, and a longer duration of hospitalization than non-atopic children.
There were no differences between atopic and non-atopic children without HIN1 viral infection. Conclusions: The prevalence of H1N1-induced
severe lower respiratory tract diseases is higher in children with atopic sensitization.
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INTRODUCTION

An outbreak of pandemic influenza A (HIN1) virus infection
during 2009-2010 was responsible for severe respiratory disease
and deaths worldwide, especially in children and elderly people
with chronic diseases.' In Korea, following identification of the
first case of novel influenza A (HIN1) on 2 May 2009, the virus
spread at an unprecedented speed, resulting in elevation of the
country’s flu alert to “red,” the highest level of the four-level scale,
on 3 November 2009.

Although most influenza A virus infections result in self-limit-
ed, uncomplicated disease, higher rates of morbidity and mor-
tality have been noted among children.? Pneumonia is one of
the most common complications in children hospitalized with
influenza, and has been reported in 10%-26% of children hos-
pitalized with influenza.** In a recent study, 35% of influenza A
(H1N1)-related deaths in children were due to pneumonia.’®

Several studies have suggested that asthma may be a risk fac-
tor that worsens respiratory symptoms during pandemic HIN1
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virus infection. Recent studies have reported that asthma was
the most common condition present in both children (29%)
and adults (27%) who were hospitalized due to HIN1 viral in-
fection,® and that asthma was a risk factor that aggravated respi-
ratory conditions in patients with pandemic H1N1 influenza vi-
ral infection.” In another study, asthma was identified as a sig-
nificant independent risk factor, after controlling for age. Chil-
dren with pandemic influenza HIN1 were more likely to have
asthma than children with seasonal influenza (22% vs. 6%).
Furthermore, 42% of the children with pandemic influenza who
were admitted to the intensive care unit (ICU) had asthma. Of

Correspondence to: Jung Yeon Shim, MD, PhD, Division of Paediatric
Allergy & Pulmonology, Department of Paediatrics, Kangbuk Samsung Hospital,
Sungkyunkwan University School of Medicine, Seoul, Korea.

Tel: +82-2-2001-2484; Fax: +82-2-2001-2199; E-mail: jy7.shim@samsung.com
Received: September 12, 2011; Revised: January 20, 2012;

Accepted: March 2, 2012

* There are no financial or other issues that might lead to conflict of interest.

http://e-aairorg 277



Kim et al.

note, more than 50% of the asthmatic children with pandemic
influenza presented with evidence of pneumonia, with or with-
out bronchospasm.”

While asthma is a risk factor for respiratory infection, atopic
sensitization may be a risk factor for more severe respiratory
symptoms. In a prospective cohort study, atopic sensitization
in children was associated with severe respiratory syncytial vi-
rus infection requiring hospitalization, compared with the con-
trol group (P=0.004).° Another study suggested that patients
with atopic conditions other than asthma were at increased risk
for developing severe pneumococcal pneumonia, compared
with patients without atopic conditions (adjusted Odd ratio
[aOR], 2.13%; Confidence interval [CI], 1.04-4.35; P=0.048)."°

Several studies have been conducted regarding the relation-
ship between atopic sensitization and bacterial or viral infection.
However, there are few data on the association between atopic
sensitization and H1N1 viral infection. In this study, we com-
pared the clinical features and atopic sensitization rate between
children with HIN1 viral infection and children with non-HIN1
viral infection during a pandemic HIN1 infection period.

MATERIALS AND METHODS

Study subjects and design

We enrolled 214 children who were hospitalized with influen-
za-like symptoms in the Department of Pediatrics, Kangbuk
Samsung Hospital from September 2009 to February 2010, dur-
ing an outbreak of pandemic HIN1 virus infection. Influenza-
like symptoms were defined as a temperature =37.8°C and at
least one of the following symptoms: cough, sore throat, rhinor-
rhea, myalgia, and headache. All patients were checked for
HI1NT1 viral infection. Detection of the HIN1 virus was performed
with nasopharyngeal aspirate samples using a real-time reverse-
transcription polymerase chain reaction (RT-PCR) method (LG
Life Sciences, Seoul, Korea). We did not perform other viral
studies during this period.

We reviewed patient medical charts and collected data includ-
ing age, sex, presenting symptoms, duration of hospitalization,
family history of allergic diseases, and history of ever having
been diagnosed with atopic dermatitis, allergic rhinitis, or asth-
ma. We also examined atopic sensitization and chest X-ray find-
ings. We defined severe respiratory illness in patients as being
admitted to the ICU; requiring invasive or non-invasive mechan-
ical ventilation; having oxygen saturation below 90% in room
air, as measured by pulse oxymetry; and/or receiving systemic
steroids for more than 3 days. Patients meeting any of the fol-
lowing criteria were excluded from the study: presence of ma-
lignancy, immunodeficiency, or congenital heart disease; pres-
ence of an alternative diagnosis during follow-up; and hospital-
ization during the preceding 72 hours.

A previous history of allergic diseases was defined as any pre-
vious diagnosis of asthma, allergic rhinitis, or atopic dermatitis
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by doctor. Patients were diagnosed with asthma on the basis of
wheezing in the chest and the effectiveness of anti-asthmatic
medicines such as 2-agonists. Pneumonia was defined as the
presence of alveolar consolidation on chest X-ray. Pediatric ra-
diologists interpreted all chest X-rays at the time of admission
and classified pneumonia as interstitial, lobar, or bronchopneu-
monia. They also investigated the presence of parapneumonic
effusion and atelectasis. We compared clinical features and
atopic sensitization between H1N1-positive and HIN1-nega-
tive children and between children with HIN1 viral pneumo-
nia and non-HIN1 pneumonia. We also compared respiratory
severity according to atopic sensitization.

This study was approved by the institutional review board of
the Kangbuk Samsung Hospital.

Laboratory tests

Blood samples were analyzed to determine white blood cell
count, total eosinophil count, C-reactive protein level, total IgE,
and allergen-specific IgE antibody. Total IgE concentration and
specific IgE levels to six common aeroallergens (Dermatopha-
goides farina, Dermatophagoides pteronyssinus, cats, dogs, Al-
ternaria, and cockroaches) were assayed using ImmunoCAP
(Pharmacia Diagnostics, Uppsala, Sweden). Atopic sensitization
was defined as at least one specific IgE level >0.35 IU/mL.

Statistical analysis

Statistical analysis was performed using STATA version 11.1
(StataCorp LP, College Station, TX, USA). Differences between
groups were analyzed using Student’s ¢-test and the ) test. Quan-
titative variables are expressed as means+ SD. Logistic regres-
sion analysis was performed to determine the association be-
tween atopic sensitization and respiratory severity. aORs and
95% CIs were derived after adjusting for age, sex, and history of
allergic diseases. Values of P<0.05 were considered to indicate
statistical significance.

RESULTS

Clinical characteristics of HIN1 infection

The clinical manifestations in the children with HIN1 viral in-
fection are shown in Fig. 1. The most common presenting symp-
toms at admission were fever (100%) and cough (93%). Forty-
two percent of the children had at least one gastrointestinal
symptom such as vomiting, diarrhea, and abdominal pain.
Dyspnea was reported in 14.2% of the patients, and less com-
mon symptoms included seizure and skin rash (each 1.42%).

Comparison of clinical and laboratory characteristics between
children with and without HIN1 infection

We compared the clinical and laboratory findings of children
with and without HIN1 viral infection (Table 1). Among 214
study subjects, 70 children (32.7%) were confirmed to have HIN1
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Table 1. Comparison of clinical and laboratory characteristics between children
with and without HIN1 infection

Atopic Sensitization and H1N1 Pneumonia

Table 2. Comparison of clinical and laboratory characteristics between children
with and without atopic sensitization

HIN1 - HINT +

Atopy - Atopy +

(n=144) (h=70)  Fvale (n=146) (h=gg) | vale
Age (yr) 43435 6.0+32 0.001 Age (yr) 42403 62404 0.000
Male, n (%) 76(53) 44.(63) 0.163 Male 74(50.7) 46 (67.6) 0.020
Duration of admission (day) 50+17 50+17 0.996 Duration of admission (day) 48+0.1 54402 0.013
White blood cell count (/mL) ~ 11,239+6,076  9,012+4,192  0.011 White blood cell count (/mL) ~ 10,994+6,168  9,749+4152  0.132
Total eosinophil count (/mL) 146+ 221 149+ 264 0.938 Total eosinophil count (/mL) 125+18 193+32 0.051
C reactive protein (mg/mL) 30+£36 28+£31 0.824 C reactive protein (mg/mL) 32+03 27+04 0.398
Atopy, n (%) 35(24.5) 33(47.1) 0.001 loglgE (IU/mL) 33+02 59+0.1 0.000
D. pteronyssinus, n (%) 19(33.3) 22(57.9) 0.018 Pneumonia, n (%) 33(22.8) 32(47.1) 0.000
D. farinae, n (%) 20(35.7) 23(60.5) 0.018 Asthma, n (%) 11(9.8) 11(30.6) 0.002
Alternaria, n (%) 7(12.5) 2(53) 0.242 H1N1 positive, n (%) 37(25.3) 33(48.5) 0.001
Cat, n (%) 3(5.4) 1(2.6) 0.521 Previous history of
Dog, n (%) 3(5.4) 3(7.9) 0.621 Asthma, n (%) 1(07) 11(16.2) 0.000
Cockeroach, n (%) 5(89) 5(132) 0514 Allergic rhinitis, n (%) 3(2.1) 5(7.4) 0.059
loglgE (IU/mL) 47117 55+15 0.011 Atopic dermatitis, n (%) 0(0.0) 3(4.4) 0.011
Pneumonia, n (%) 35(24.3) 30(42.9) 0.006 Family history of
Asthma, n (%) 15(13.8) 7(17.5) 0.569 Asthma, n (%) 2(1.4) 2(29) 0.434
Previous history of Allergic rhinitis, n (%) 3(2.1) 5(7.4) 0.059
Asthma, n (%) 4(2.8) 8(11.4) 0.010 Atopic dermatitis, n (%) 1(0.7) 3(4.4) 0.054
Allergic rhinitis, n (%) 2(1.4) 6(8.6) 0.009
Atopic dermatitis, n (%) 1(0.7) 2(29) 0.207 sinus and D. farinae were all higher in children with HIN1 in-
Family history of fection than in children without H1N1 infection. However, there
Asthma, n (%) 3(2.1) 1(1.4) 0.740 were no significant differences in the rates of positive sensitiza-
Allergic rhinitis, n (%) 5(35) 5(7.1) 0233 tion to cats, dogs, Alternaria, and cockroaches. HIN1-positive
Atopic dermatitis, n (%) 1(07) 0(0.0) 0485 children were more likely to have a previous history of asthma
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Fig. 1. Clinical features of children with HIN1 viral infection.

viral infection, and 144 children (67.3%) showed negative results.
Patients with HIN1 viral infection were older and had lower
white blood cell counts as compared with HIN1-negative chil-
dren. The mean duration of hospitalization, blood total eosino-
phil count, and C-reactive protein level did not differ signifi-
cantly between the two groups. Total IgE concentration, atopic
sensitization rate, and positive sensitization rate to D. pteronys-
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and allergic rhinitis than those without HIN1 infection, where-
as history of atopic dermatitis and family history of asthma, al-
lergic rhinitis, and atopic dermatitis were not significantly dif-
ferent between the groups. The prevalence of pneumonia was
significantly higher in HIN1-positive children than in HIN1-
negative children (42.9% vs. 24.3%, respectively). There was no
significant difference in the prevalence of asthma between the
two groups.

Comparison of clinical and laboratory characteristics between
children with and without atopy

Sixty-eight children had atopic sensitization (31.8%). Children
who had atopic sensitization were older, predominantly male,
and had longer hospitalization stays and higher serum total IgE
levels than children without atopic sensitization. The prevalence
of pneumonia, asthma, and HIN1 infection increased in chil-
dren with atopic sensitization compared with children without
atopic sensitization. The prevalence of a previous history of
asthma and atopic dermatitis was significantly higher in chil-
dren with atopic sensitization than in children without atopic
sensitization. However, there was no difference in the preva-
lence of a family history of allergic diseases (Table 2).
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Table 3. Chest X-ray findings and clinical severity of children with HIN1 pneu-
monia and non-H1N1 pneumonia

Non-H1N1 HIN1
pneumonia pneumonia Pvalue

(n=35) (n=30)
Location, n (%)
Left 7(200)  10(33.3)
Right 7(20.0) 9(300) 0170
Bilateral 21(60.0) 11(36.7)
Type, n (%)
Lobar 5(14.3) 8(267) 0387
Broncho 24.(68.6) 19(63.3)
Interstitial 6(17.1) 3(10.0)
Effusion, n (%) 2(5.7) 6 (20) 0.081
Atelectasis, n (%) 0(0) 4(133) 0026
Steroid treatment, n (%) 2(57) 6(200)  0.081
Oxygen treatment, n (%) 3(8.6) 7(233) 0.100
ICU care, n (%) 3(86) 6(200) 0.184
Atopic sensitization, n (%) 13(37.1)  19(63.3)  0.035
History of allergic diseases
Asthma, n (%) 4(11.4) 4(133) 0816
Allergic rhinitis, n (%) 1(2.9) 4(133) 0.114
Atopic dermatitis, n (%) 0(0.0) 1(3.33) 0276
Organ failure, n (%) 0(0.0) 0(0.0)
Mechanical ventilation, n (%) 0(0.0) 0(0.0)
Death, n (%) 0(0.0) 0(0.0)

Comparison of respiratory severity and chest X-ray findings
between H1N1 and non-H1N1 pneumonia

We next investigated respiratory severity and chest X-ray find-
ings in children with pneumonia according to the presence of
HI1NI1 infection (Table 3). The prevalence of pneumonia was
42.9% in children with HIN1 infection and 24.3% in children
without HIN1 infection. There were no significant differences
in location or types of pneumonia between H1N1-positive and
non-H1N1 pneumonia. There was a higher prevalence of atel-
ectasis in HIN1 pneumonia than in non-HIN1 pneumonia.
Four children with HIN1 pneumonia demonstrated atelectasis,
with one showing massive atelectasis with mediastinal shifting
(Fig. 2). Children with HIN1 pneumonia tended to have higher
rates of lobar pneumonia, effusion, ICU care, systemic cortico-
steroid therapy, and oxygen therapy than children with non-
HIN1 pneumonia, although the differences in rates were not
statistically significant. The rate of atopic sensitization was sig-
nificantly higher in children with HIN1 pneumonia than in
children with non-HIN1 pneumonia (63.3% vs. 37.1%; P=
0.035), but the prevalence of a history of allergic diseases did
not differ between the groups. None of the patients had organ
failure or required mechanical ventilation.
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Fig. 2. Radiographic findings of children with HIN1 pneumonia. (A) This chest
X-ray shows atelectasis of the left upper lobe and consolidation in the left low-
er lobe. The mediastinal structure was markedly shifted toward the left side. (B)
A chest CT scan demonstrates massive atelectasis of the left upper lobe, medi-
astinal shift to the left side, and pneumonic consolidation and pleural effusion
in the left lower lobe.

Respiratory severity and laboratory findings in children with
and without H1N1 viral infection according to atopic
sensitization

We compared respiratory severity according to atopic sensiti-
zation in children with and without H1N1 viral infection (Table
4). Atopic sensitization was present in 24.5% and 47.1% of the
children without and with H1N1 viral infection, respectively. In
the HIN1 group, children with atopic sensitization were older
and had a longer duration of hospitalization than non-atopic
children, whereas these parameters did not differ according to
atopic sensitization in children in the non-HIN1 group. The
prevalence of pneumonia was higher with atopic sensitization
than without atopic sensitization in both the HIN1 (57.6% vs.
29.7%, respectively; P=0.019) and non-H1N1 groups (37.1% vs.
20.4%, respectively; P=0.045). However, compared with non-
atopic children, ICU care, atelectasis, and oxygen therapy were
more common in atopic children with HIN1 viral infection, but
not in atopic children without HIN1 viral infection. Compared
with children without atopy, more atopic children with HIN1
infection received systemic corticosteroid treatment (18.2% vs.
2.7%, respectively) and had parapneumonic effusion on chest
radiography (15.1% vs. 2.7%, respectively). The mean serum to-
tal IgE level, prevalence of asthma, and previous history of asth-
ma were also higher in children with atopic sensitization than
in those without atopy. Atopic children without HIN1 viral in-
fection showed higher blood eosinophil counts and lower C-re-
active protein levels, whereas these parameters showed no sig-
nificant differences in children with HIN1 viral infection.

DISCUSSION

In this study, pneumonia was more prevalent in hospitalized
children with HIN1 viral infection than in children without
HIN1 infection, showing similar results to those from another
study that demonstrated the percentage of children with pneu-
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Atopic Sensitization and H1N1 Pneumonia

Table 4. Respiratory severity in children with or without HIN1 virus-infection according to atopic sensitization

H1N(1nJ;/:-3\;;)py- H1N(1n1§t3c))py+ Pvalue H1I;Ir::-,%[g)py- H1N(1n-:/-:\”t5c;py+ Pvalue
Age (yr) 48429 72430 0.001 41436 53+29 0.071
Male, n (%) 19(51.4) 25(75.8) 0.035 55(50.9) 21(60.0) 0.350
Pneumonia, n (%) 11(29.7) 19(57.6) 0.019 22(20.4) 13(37.1) 0.045
Effusion, n (%) 1(2.7) 5(15.1) 0.063 1(0.9) 1(2.9) 0.398
Atelectasis, n (%) 0(0.0) 4(12.1) 0.029 0(0) 0(0)
Oxygen therapy, n (%) 0(0.0) 7(21.2) 0.003 1(0.9) 2(5.7) 0.086
Steroid treatment, n (%) 1(2.7) 6(18.2) 0.031 1(0.9) 1(2.9) 0.398
ICU care, n (%) 0(0.0) 6(18.2) 0.007 1(0.9) 2(5.7) 0.086
Asthma, n (%) 2(7.69) 5(35.71) 0.026 9(10.47) 6(27.27) 0.042
Previous history of asthma, n (%) 1(2.7) 7(21.2) 0.015 0(0.0) 4(11.4) 0.000
Duration of admission (day) 45416 55+16 0.013 48116 53403 0.184
loglgE (IU/mL) 36%12 6.0£12 0.000 32%09 59+12 0.000
logTEC (/mL) 6.6+13 64+14 0.633 6.5+14 71+13 0.017
CRP (mg/mL) 24431 36+32 0.126 34+38 20+27 0.036

CRP, C-reactive protein; ICU, intensive care unit; TEC, total eosinaphil count.

monia or atelectasis was significantly higher in the pandemic
HI1N1 influenza infection group than in the seasonal influenza
infection group.” In a recent animal study using a ferret model,
the presence of virus-infected cells was limited to the nasal tur-
binates in the seasonal influenza virus-inoculated model, where-
as many infected cells were found in the trachea, bronchus, and
bronchioles as well as the nasal cavity in ferrets inoculated with
HINI1 influenza virus." This finding suggests that pandemic
HIN1 influenza virus replicates more extensively in the lower
respiratory tract, causing more severe lower respiratory tract
diseases than those caused by seasonal influenza.

Several studies have proposed that asthma is a risk factor that
worsens respiratory conditions in patients infected with pan-
demic HIN1 influenza.?"? In this study, we also found that the
prevalence of HIN1 infection was higher in children with a his-
tory of asthma and allergic rhinitis. However, in terms of pneu-
monia prevalence, there was no difference between children
with and without asthma, whereas the atopic sensitization rate
was higher in children with HIN1 pneumonia than in those
with non-H1N1 pneumonia. In addition, among nine children
who received ICU care, 16.7% with HIN1 pneumonia had a his-
tory of asthma compared with 66.7% with non-H1N1 pneumo-
nia. Although the sample size was not sufficient to draw a firm
conclusion, this observation may imply that a history of asthma
may not be a risk factor for severe respiratory infection in chil-
dren with HIN1 pneumonia.

Interestingly, the most striking finding in our study was that
among children with HIN1 infection, children who had atopic
sensitization showed more severe respiratory symptoms than
children without atopic sensitization. Children with atopic sen-
sitization had a higher prevalence of pneumonia and atelecta-
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sis, a longer duration of hospitalization, and an increased need
for ICU care and oxygen therapy. In children with non-HIN1
infection, the prevalence of severe respiratory symptoms was
not different between children with and without atopic sensiti-
zation. Therefore, we suggest severe pneumonia requiring ICU
care and oxygen and steroid treatment is more likely to be relat-
ed to atopic sensitization than to asthma in children with HIN1
virus infection. The pathogenesis may be explained by a differ-
ent host cytokine expression profile and immune response to
HI1N1 virus. In a mouse study, the inhalation of ovalbumin after
inoculation with HIN1 influenza virus produced a high level of
specific IgE and increased airway responsiveness.” However,
neither ovalbumin sensitization alone nor virus infection alone
affected IgE production and airway responsiveness. In another
mouse study, bovine serum albumin sensitization during the
acute phase of influenza A infection recruited eosinophils into
the lung and enhanced IL-10 production from CD4" T cells,
thereby provoking Th2 responses.** Thus, both virus factors and
host immune factors appear to be important in IgE-mediated
viral lower respiratory tract diseases, and atopic sensitization
may be a prerequisite condition for virus-induced severe respi-
ratory disease.

In this study, a higher proportion of atopic children with
HINT1 viral infection had atelectasis and required ICU care, and
oxygen and steroid therapy. This observation highlights the im-
portance of influenza prevention through vaccination, especial-
ly in children with atopic sensitization, even when they have no
obvious history of allergic diseases. A Japanese study also sug-
gested that pandemic H1N1 viral infection could induce pneu-
monia and atelectasis in atopic children without a previous his-
tory of asthma.” In addition, patients with atopy have been
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shown to exhibit low natural killer cell activity.”® We speculate
that both an abnormality of innate immunity in atopic individ-
uals and an affinity of the pandemic H1N1 virus for the respira-
tory tract may lead to increased susceptibility to severe lower
respiratory tract diseases induced by HIN1 infection.

In our study, fever and cough were the most common symp-
toms of HIN1 infection, as in other studies.'*'” We found a high
frequency (42.7%) of gastrointestinal symptoms such as vomit-
ing and diarrhea, which are known to be more frequent among
children than adults with influenza."”"® Fortunately, no children
with HIN1 pneumonia in our study required mechanical venti-
lation, had organ failure, or died during the pandemic HIN1 in-
fection, because they received prompt treatment, including an-
tiviral therapy, intravenous steroid treatment, and aggressive
physiotherapy.

This study is limited by its retrospective design and small sam-
ple size. Due to a small sample size, we could not determine
whether atopic sensitization itself, apart from asthma, was as-
sociated with HIN1 virus-induced severe lower respiratory
tract diseases. Only a few association studies on atopic sensiti-
zation and clinical severity of pneumonia in H1N1-infected
children have been performed, and further studies are needed
to investigate the association and pathophysiological mecha-
nism between viral infections and Th2 responses. Our study
was also limited by an inability to differentiate primary pan-
demic influenza pneumonia cases from cases of secondary in-
fections caused by other viruses or bacteria such as mycoplas-
ma. This study only investigated HIN1 viral infection, and there
is a need for studies examining other viral or mycoplasma in-
fections that can cause pneumonia.

In conclusion, the results of the present study showed that the
prevalence of HIN1 virus-induced severe lower respiratory tract
diseases is higher in atopic children than in non-atopic children.
From these results, it is highly recommended that children with
atopic sensitization receive vaccination against influenza, espe-
cially during pandemic influenza viral infections.
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