
CLINICAL AND EPIDEMIOLOGICAL STUDY

Clinical aspects of 2009 pandemic influenza A (H1N1) virus
infection in Austria

W. Poeppl • M. Hell • H. Herkner • B. Stoiser • G. Fritsche •

N. Schurz-Bamieh • G. Poeppl • R. Gattringer • N. Jones •

M. Maass • A. Egle • H. Burgmann

Received: 10 January 2011 / Accepted: 14 April 2011 / Published online: 5 May 2011

� Springer-Verlag 2011

Abstract

Purpose To describe the clinical features, risk factors for

severe disease and effectiveness of oseltamivir in patients

with 2009 pandemic influenza A (H1N1) virus infection.

Methods In a prospective, cross-sectional, multicentre

study, data on 540 patients with confirmed 2009 H1N1

infection from seven Austrian hospitals were collected

using a standardised online case-history form.

Results The median age of the patients was 19.3 years

(range 26 days–90.8 years); point-of-care testing yielded

false-negative results in 60.2% of the 176 cases tested. The

most common symptoms were fever, cough, fatigue and

headache. Overall, 343 patients (63.5%) were hospitalised,

49 (9.1%) were admitted to an intensive care unit (ICU)

and 14 (4.1%) died. Case fatality rates were highest (9.1%)

in those aged 65 years or older. Factors significantly

associated with a higher risk for ICU admission included

age, neurological disease, adipositas, and both interstitial

pathology and lobular pathology on chest X-ray. No

association with pregnancy, malignancy or immunosup-

pressive therapy was detected. Antiviral treatment signifi-

cantly reduced the duration of fever by 0.66 days and

lowered the risk of ICU admission, but had no significant

benefit on survival.

Conclusions During the 2009 H1N1 influenza pandemic,

elderly or obese patients and those with neurological dis-

ease had an increased risk for severe H1N1 infection in
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Austria. Pregnancy was not associated with a higher risk

for severe disease in the later phase of the 2009 H1N1

pandemic. Antiviral treatment provided a minimal effect

on the symptoms of influenza but reduced the risk of

admission to an ICU.
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Introduction

In early April 2009, a new influenza virus emerged in

Mexico and California and quickly spread worldwide by

human-to-human transmission. Early reports of dispropor-

tionately high mortality in young adults in Mexico [1]

followed after various reports of pandemic type A (H1N1)

influenza infections with variable disease severity but

lower overall mortality than that of the initial Mexican

epidemic [2–7]. On 11 June 2009, the World Health

Organization (WHO) raised the influenza pandemic alert to

level 6, the highest level, on the basis of the widespread

incidence of H1N1 cases observed globally, while noting

that the current pandemic could be characterised as mod-

erate in severity [8]. The virus of this influenza pandemic,

the first in the 21st century, appeared to primarily affect

children, young adults and pregnant woman, as well as

those with underlying lung or cardiac disease conditions

[9].

In Austria, the first case of infection with pandemic

H1N1 virus was notified on 29 April 2009. Containment

measures were implemented in accordance with the Aus-

trian national plan for pandemic influenza and included

active case finding and tracing of contacts, airport entry

controls, isolation of patients and contacts, and antiviral

treatment and prophylaxis [10]. These measures were

pertinent in reaction to the first appearance of the new virus

in Europe. In the initial phase of the pandemic in Austria,

all cases of H1N1 infection were associated with travel and

autochthonous transmission was widely impeded [11],

although this might have been due to factors in addition to

the control measures [12].

Due to the long-term nature of the pandemic and

because of preliminary reports of the moderate severity of

the pandemic as observed in European countries, in August

2009, Austria moved from containment to a mitigation

strategy 4 months after the first Austrian case was reported.

In this phase of the pandemic, hospitalisation was no longer

compulsory for healthcare institutions [10].

After an initial vaccination campaign among healthcare

workers, a nationwide swine flu vaccination campaign with

the bivalent vaccine Celvapan was launched on 9

November 2009. At the same time, scepticism over the

overall safety and importance of the vaccination was

increasing among the Austrian population. Despite multi-

ple campaigns by public health authorities, only about

300,000 persons (approximately 3.6% of Austrian resi-

dents) were vaccinated against pandemic influenza during

the 2009–2010 influenza season [13].

In early November 2009, the number of H1N1 infections

skyrocketed in Austria, with more than 30,000 new cases

weekly, tapering off up to spring 2010 [10]. The estimated

total number of patients infected with H1N1 in the

2009–2010 season was 350,000–400,000, which was sim-

ilar to the numbers observed in seasonal influenza. A total

of 1,569 patients were hospitalised, among whom 40 per-

sons died [10]. Apart from two patients with confirmed

type B influenza infection, type A H1N1 was the exclusive

virus prevalent in Austria, having displaced other circu-

lating influenza viruses [11].

There have been a few published analyses of clinical

presentation and outcome of pandemic H1N1 influenza,

mainly from the Americas, Australia and New Zealand

[14–17]. In central Europe, apart from preliminary

descriptions of the initial phase of the pandemic, data on

characteristics and risk factors for severe disease in the first

influenza pandemic of the 21st century are scarce [18–20].

We have, therefore, analysed the clinical characteristics

and outcomes of in- and outpatients with pandemic H1N1

influenza in Austria.

Methods

We conducted a prospective multicentre cross-sectional

study to obtain data on the impact of the H1N1 pandemic in

Austria. The participating institutions included three out of

four university hospitals (Medical University of Vienna,

Salzburg Medical University, Innsbruck Medical Univer-

sity), the Military Hospital of Vienna and three regional

hospitals (Hospital of the Barmherzigen Schwestern Ried

im Innkreis, Public Hospital Kirchdorf an der Krems,

Hospital Elisabethinen Linz). Only patients with H1N1

infection confirmed by real time reverse transcriptase

polymerase chain reaction (RT-PCR) assay or by Quick

test were included in the analysis. The study protocol was

approved by the Ethics Committee of the Medical Uni-

versity of Vienna.

Demographic characteristics, clinical presentation,

coexisting medical conditions and vaccination status (sea-

sonal influenza, pandemic H1N1 virus, pneumococcus)

were obtained in a total of 540 cases of confirmed H1N1

infection. Obesity was defined as body mass index (BMI)

C 35 in adults 18 years of age or older or a BMI percentile

of 95–100 in children between the ages of 2 and 17 years

(BMI calculated as the weight in kilograms divided by the

square of the height in metres). Obesity was not defined for
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pregnant woman or children under the age of 2 years.

Presenting laboratory findings and chest X-ray findings on

the admission radiograph were also collected. Outcome

measures included duration of fever, need for intensive

care unit (ICU) admission and death during the hospital

stay. All data were reported on a standardised online case-

history form (k-ontext�, Key Solutions, Vienna, Austria).

Continuous data are presented as medians with range or

as mean ± standard deviation (SD), as appropriate. For

categorical variables, the percentage of patients in each

category was calculated. For descriptive analysis, we made

no assumptions about missing data and adjusted propor-

tions to the number of patients with available data. Uni-

variate analyses were used to compare in- and outpatients

with ICU patients or fatal cases. Fisher’s exact test was

used to compare proportions of categorical data and the

Wilcoxon rank-sum test was used for continuous variables.

We used multivariable logistic regression for the iden-

tification of independent predictors of ICU admission. The

dependent variable was admission to ICU (yes vs. no). For

potential independent predictors, we chose variables based

on earlier reports and on differences in the univariate

analysis, where we set the P-value at 0.25. Likelihood ratio

tests were used to test for linear effects and model

improvement. We aimed at the most parsimonious model.

The Hosmer–Lemeshow test was used to assess goodness

of model fit for the final model. We used web-based data

collection and found considerable item non-response, ren-

dering reasonable multivariate modelling impossible.

However, it is reasonable to assume that pathological

conditions were reported and that item non-response could

be mainly explained by the absence of the specific condi-

tion. This is obvious for pathologies observed on chest

X-rays and evident for pregnancy, where no input option

was provided for male cases. Thus, missing values were

not random and it appeared reasonable to assume that they

equated to absence of the specific condition and, therefore,

were set at zero for the multivariable analysis.

SPSS (release 18.0) and Stata 11 for Mac (Stata Corp,

College Station, TX, USA) were used for all statistical

analyses. Reported P-values are two-sided and, unless

otherwise stated, a P-value \ 0.05 was considered to be

statistically significant.

Results

Clinical characteristics

This report describes data on 540 human cases of infection

with 2009 H1N1 virus collected from seven hospitals in

Austria. Among these patients, 343 were admitted to the

hospitals representing 22% of the total numbers hospitalised

with 2009 H1N1 influenza and whose cases were reported to

the Austrian epidemiological registry [10].

Infection was confirmed in 516 patients (95.6%) using a

real time RT-PCR assay specific for 2009 H1N1 influenza;

a positive influenza rapid test was confirmed in the

remaining 24 patients. Among 176 PCR-positive cases also

evaluated by point-of-care testing for influenza A, 70

(39.8%) were positive, the sensitivity of the test being

found higher in children (17/22; 77.3%) than in adults (53/

154; 34.4%).

Dates of onset of illness in the patient group overall

ranged from 20 September 2009 to 2 February 2010

(Fig. 1). The median age of the patients was 19.3 years

(range 26 days–90.8 years) (Table 1); 225 patients

(41.7%) were children under the age of 18 years and 313

(58.3%) were adults.

Of the 540 patients evaluated, 133 (24.6%) had an

underlying medical condition (Table 2). Information on

pregnancy status was available for 147 patients, among

whom 15 (15.2%) were pregnant (pregnancy data input

option was not provided for male cases). One of the

pregnant patients was in the first trimester, four were in the

second and six were in the third; the gestational duration of

four patients was not known. Two of the 15 pregnant

women had an underlying condition. Obesity was reported

on admission in 16 of 299 adults (5.1%) and 2 of 223

children (0.9%).

None of the patients evaluated had received prophylactic

antiviral treatment. Among 122 patients for whom infor-

mation on influenza vaccination was available, 14 had been

vaccinated with a single dose of Celvapan. None of the

patients had received the recommended booster vaccina-

tion. Two of 71 patients had been vaccinated against sea-

sonal influenza.

Symptoms at presentation are outlined in Table 3.

Information on raised body temperature was available for

Fig. 1 Epidemiological curve of the dates of presentation
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340 patients: 17.6% presented with body temperature

between 37.3 and 38�C, 55.6% presented with 38.1 to

39�C, and 26.8% presented with [39�C. Noteworthy,

fever over 38�C was recorded in more than 80% of the

patients and, thus, resulted to be the most sensitive

parameter. The mean duration of fever was 3 days (range

1–16); the mean duration in patients who received osel-

tamivir was significantly shorter than in patients who did

not receive antiviral treatment (2.59 vs. 3.25 days,

P = 0.01). Other common symptoms at presentation

included cough, recorded in 268 of 334 patients (80.2%),

and fatigue, reported in 70.4% of patients, including 91 of

95 children (95.8%) and 147 of 243 adults (60.5%).

Myalgia and/or arthralgia were reported in 50.0% of the

children and 47.5% of the adults. Nausea and vomiting

were recorded in 25 of 49 children (51%) and 24 of 189

adults (12.7%); diarrhoea was present in 25% of children

and 8.6% of the adults.

Diagnostic findings at presentation

The results of laboratory examination and chest X-rays at

presentation are outlined in Table 4. Of 391 patients for

whom these data were available, 86 presented with anae-

mia (22.0%), 33 with leukopaenia (8.4%) and 78 with

leukocytosis (22.3%). Thrombocytopaenia was present in

Table 1 Demographic characteristics of 540 patients infected with 2009 pandemic H1N1 influenza virus in Austria (September 2009–February

2010)

Characteristic All cases Hospitalised patients ICU patients Fatal casesa

All patients 540 (100) 343/540 (63.5) 49/540 (9.1) 14/341 (4.1)

Female 203 (37.6) 102/203 (50.2) 21/203 (10.3) 4/100 (4.0)

Male 337 (62.4) 241/337 (71.5) 28/337 (8.3) 10/241 (4.1)

Age groupb

0–23 months 33 (6.1) 24/33 (72.7) 3/33 (9.1) 0/24 (0.0)

2–4 years 27 (5.0) 14/27 (51.9) 1/27 (3.7) 0/14 (0.0)

5–9 years 64 (11.9) 14/64 (21.5) 1/64 (1.6) 0/14 (0.0)

10–17 years 101 (18.7) 29/101 (28.7) 3/101 (3.0) 0/29 (0.0)

18–29 years 166 (30.7) 140/166 (84.3) 3/166 (1.8) 1/140 (0.7)

30–64 years 119 (22.0) 92/119 (77.3) 26/119 (21.8%) 8/90 (8.9)

C65 years 30 (5.6) 30/30 (100.0) 12/30 (40.0) 5/30 (16.7)

Data are presented as no. (%). Because of rounding, the percentages may not total 100
a Death was recorded for inpatients only and was not available for two patients
b The median age of the patients was 19.3 years (range 26 days–90.8 years). Percentages of inpatients, ICU patients and fatal cases refer to all

cases within the age groups

Table 2 Underlying medical

conditions among patients with

pandemic H1N1 infection

according to age group

Data are presented as no./total

no. (%)
a Data input option on

pregnancy was provided for

female patients only

Underlying condition All patients Patients

\18 years old

Patients

C18 years old

Any 133/540 (24.6) 29/225 (12.9) 104/315 (32.9)

Pregnancya 15/147 (15.2) 0/77 (0.0) 15/70 (27.3)

Asthma 13/540 (2.4) 1/225 (0.4) 12/315 (3.8)

Chronic obstructive pulmonary disease 25/540 (4.6) 1/225 (0.4) 24/315 (7.6)

Neuromuscular disorder 3/540 (0.6) 1/225 (0.4) 2/315 (0.6)

Guillain–Barré syndrome 0/540 (0) 0/225 (0.0) 0/315 (0.0)

Other neurological disease 16/540 (3) 7/225 (3.1) 9/315 (2.9)

Obesity (BMI [35) 18/540 (3.3) 2/225 (0.9) 16/315 (5.1)

Cardiovascular disease 32/540 (5.9) 2/225 (0.9) 30/315 (9.5)

Diabetes mellitus 23/540 (4.3) 0/225 (0.0) 23/315 (7.3)

Chronic liver disease 10/540 (1.9) 1/225 (0.4) 9/315 (2.9)

Malignancy 12/540 (2.2) 1/225 (0.4) 11/315 (3.5)

Haematological malignancy 11/540 (2.0) 5/225 (2.2) 6/315 (1.9)

Immunosuppressive therapy 23/540 (4.3) 3/225 (1.3) 20/315 (6.3)

Other 39/540 (7.2) 11/225 (4.9) 28/315 (8.9)
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57 of 390 patients (15.5%); lymphopaenia was reported in

42 out of 77 children (54.5%) and 29 out of 96 adults

(30.2%). A raised C-reactive protein (CRP) value was

reported in 275 of 384 patients (71.6%).

A total of 285 patients had a chest X-ray on presenta-

tion: among these, 84 (29.5%) showed no pathological

findings, 94 (33.0%) had findings suggestive for pneumo-

nia or acute respiratory distress syndrome (ARDS), 63

(22.1%) demonstrated lobular findings and 31 (10.9%) had

alveolar pathology. The median age of these patients was

42.1 years (range 6 months–90.8 years) and 64.4% had an

underlying medical condition.

Hospital admission

Of the 540 patients reviewed in this study, 343 (63.5%)

were admitted to hospital, the admission rates being highest

in adults aged 65 years or older (Table 1).

Table 3 Symptoms at

presentation in patients with

2009 pandemic H1N1 infection

according to age group

Data are presented as no./total

no. (%)

Symptom All patients Patients \18 years old Patients C18 years old

Elevated temperature (�C)

37.3–38 60/340 (17.6) 10/94 (10.6) 50/246 (20.3)

38.1–39 189/340 (55.6) 58/94 (61.7) 131/246 (53.3)

[39 91/340 (26.8) 26/94 (27.7) 65/246 (26.4)

Cough 268/334 (80.2) 74/85 (87.1) 194/249 (77.9)

Rhinorrhoea 112/283 (39.6) 49/71 (69.0) 63/212 (29.7)

Headache 182/273 (66.7) 41/51 (80.4) 141/222 (63.5)

Fatigue 238/338 (70.4) 91/95 (95.8) 147/243 (60.5)

Myalgia, arthralgia 109/228 (47.8) 15/30 (50.0) 94/198 (47.5)

Chills 61/211 (28.9) 17/34 (50.0) 44/177 (24.9)

Diarrhoea 29/244 (11.9) 12/47 (25.5) 17/197 (8.6)

Nausea, vomiting 49/238 (20.6) 25/49 (51.0) 24/189 (12.7)

Chest pain 31/211 (14.7) 3/25 (12.0) 28/186 (15.1)

Table 4 Diagnostic findings at

presentation in patients with

2009 pandemic H1N1 infection

Data are presented as no./total

no. (%)

GOT glutamate oxaloacetate

transaminase, GPT glutamic

pyruvic transaminase, CRP
C-reactive protein

All patients Patients \18 years

old

Patients C18 years

old

Selected laboratory abnormalities

Laboratory results available 395/540 (73.1) 100/225 (44.4) 295/315 (93.7)

Leukocyte count

\4,000/ll 33/391 (8.4) 11/99 (11.1) 22/292 (7.5)

4,000–10,000/ll 271/391 (69.3) 62/99 (62.6) 209/292 (77.1)

[10,000/ll 78/391 (22.3) 26/99 (25.3) 81/292 (20.9)

Platelet count

\150,000/mm3 57/390 (14.6) 15/98 (15.3) 42/292 (14.4)

Haemoglobin \12 g/dl 86/391 (22.0) 26/97 (26.8) 60/294 (20.4)

Lymphocyte count

\3,000/mm3 in children

\1,500/mm3 in adults

71/173 (41.0) 42/77 (54.5) 29/96 (30.2)

GOT [40 U/l 84/287 (29.3) 14/30 (46.7) 70/257 (27.2)

GPT [45 U/l 63/285 (22.1) 4/29 (10.2) 59/256 (23.0)

Creatinine [1.2 mg/dl 0/234 (0.0) 0/33 (0.0) 0/201 (0.0)

Creatine kinase [200 U/l 54/196 (27.6) 3/9 (33.3) 51/187 (27.3)

CRP [1 mg/dl 275/384 (71.6) 57/94 (60.6) 218/290 (75.2)

CRP mg/dl (mean ± SD) 7.92 ± 10.2, n = 275 8.14 ± 15.1, n = 57 7.86 ± 8.5, n = 218

Radiographic findings

Chest X-ray available 285/540 (52.8) 43/225 (19.1) 242/315 (76.8)

Without pathological findings 84/285 (29.5) 8/43 (18.6) 76/242 (31.4)

Interstitial pathology 31/285 (10.9) 9/43 (20.9) 22/242 (9.1)

Lobular pathology 63/285 (22.1) 11/43 (25.6) 52/242 (21.5)
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Among the 343 inpatients, underlying medical condi-

tions were present in 127 (37%), of whom 27 of 81 were

children (33.3%) and 100 of 262 were adults (38.2%).

Overall, 18.9% of hospitalised patients had at least two

such conditions and, among the 30 patients aged 65 years

or older, 90% had an underlying medical condition.

The reasons for admission are shown in Table 5: these

included containment strategy for 114 patients (33.2%),

respiratory failure in 129 patients (37.6%), haemodynamic

failure in 36 (10.5%), cerebral failure in 8 (2.3%), preg-

nancy in 8 (2.3%) and relevant comorbidity (patient at risk)

in 39 (11.4%). In 14 cases (4.1%), acquisition of the 2009

H1N1 virus infection was nosocomial. The median dura-

tion of hospitalisation was 7 days (range 1–78, excluding

patients admitted to ICUs).

Smoking status was available for 293 patients: 73 out of

75 smokers were hospitalised.

Complications in hospitalised patients

Complications were reported for 83 (37.1%) of the 343

patients who were admitted to hospital and included bac-

terial pneumonia in 50 (14.6%) patients, sepsis in 10

(2.9%), enteritis in 9 (0.2%) and myositis in 9 (0.2%).

Eight patients with septicaemia had positive blood cul-

tures: a 56-year-old man with concomitant cholangitis

caused by Enterococcus faecium and extended-spectrum

beta-lactamases (ESBL)-positive Escherichia coli infec-

tion; a 41-year-old man with Staphylococcus aureus

infection; a 54-year-old man with group A streptococcus

infection; a 73-year-old woman with perforation of the

colon and Enterococcus faecalis infection; a 85-year-old

woman with peritonitis after perforated sigmoid divertic-

ulitis and Enterococcus and Candida tropicana infection; a

43-year-old man with Acinetobacter and group A strepto-

coccus infection; a 66-year-old man with Streptococcus

pneumoniae infection, pneumonia and pleura-empyema; an

8-year-old boy with monosomy 1p and E. coli infection.

Infections that were identified from sources other than

blood cultures included S. pneumoniae in four patients

(ages 3, 40, 43 and 49 years) with pneumonia; Staphylo-

coccus spp. in three (ages 48, 57 and 58 years) with

pneumonia; Pneumocystis pneumonia in a 53-year-old man

with ARDS and bronchiolitis obliterans; Candida spp. and

Klebsiella in a 77-year-old man with pneumonia; group A

streptococcus in a patient with putrid rhinitis.

ICU admissions

In total, 49 (14.3%) of the 343 inpatients were admitted

to an ICU. Omitting the 114 who were admitted because

of containment strategies, intensive care was necessary in

21.4% of the inpatients. The median age of those

admitted to an ICU was 51.6 years (range 4 months–

85 years). Rates of ICU admission were highest in

patients aged 65 years or older (40%) (Table 1). Among

the 49 ICU admissions, 39 (79.6 %) had an underlying

medical condition. The median age of the ten previous

healthy patients requiring intensive care was 51 years

(range 38–63). All patients aged 65 years or older

(n = 12) had at least one underlying medical condition.

The most common comorbidities were cardiovascular

disease (32.7%), obesity (18.4%), neurological diseases

(18.4%) and diabetes mellitus (16.3%). One patient with

diabetes was pregnant.

Reasons for ICU admission were provided for 42

patients and included respiratory impairment in 37

(62.7%), haemodynamic impairment in 18 (30.5%) and

cerebral impairment in 4 (6.8%).

Of the 49 patients admitted to an ICU, 36 (73.5%)

required mechanical ventilation for a median duration of

15 days (range 1–76), 6 (12.2%) required extracorporeal

membrane oxygenation (ECMO) for a median duration of

12 days (range 10–12), 8 (18.3%) required dialysis for a

median duration of 9 days (range 4–72). Of the eight

patients requiring haemodialysis, two patients had myositis

and raised creatine kinase levels and one patient had raised

creatine kinase levels. Twenty-one patients (42.9%) had a

clinical diagnosis of pneumonia and 8 (16.3%) had a

clinical diagnosis of sepsis.

Table 5 Reasons for hospital

admission according to age

group in patients with 2009

pandemic H1N1 infection

Data are presented as no. (%)

All patients

(n = 343)

Patients \18 years old

(n = 81)

Patients C18 years old

(n = 262)

Containment strategy 114 (33.2) 6 (7.5) 108 (41.2)

Nosocomial acquisition 14 (4.1) 2 (2.5) 12 (4.6)

Respiratory impairment 129 (37.6) 36 (44.4) 93 (35.5)

Haemodynamic impairment 36 (10.5) 8 (9.9) 28 (10.7)

Cerebral impairment 8 (2.3) 5 (6.2) 3 (1.1)

Pregnancy 8 (2.3) 0 (0) 8 (3.1)

Risk patient 39 (11.4) 8 (9.9) 31 (11.8)
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Treatment

Overall, 177 of the 197 outpatients (89.8%) and 243 of the

343 inpatients (70.8%) received treatment with oseltamivir.

Data on the time elapsed between the onset of symptoms

and the initiation of therapy were not available.

Information on antibiotic treatment was provided for

151 of the 343 inpatients (44.3%), among whom 130

(86.1%) received parenteral antibiotics with a median of

one antibiotic (range 1–7). More than one intravenous

antibiotic was used in 39.2% of the patients. Parenteral

antibiotics included macrolides in 31 patients, cephalo-

sporins in 29, piperacillin/tazobactam in 29, aminopeni-

cillin/clavulanic acid in 26, linezolid in 15 and

ciprofloxacin/levofloxacin in 14. Antibiotics with activity

against Pseudomonas were used mainly in patients

requiring intensive care. For oral treatment, the most

common antibiotics used were macrolides and aminope-

nicillin/clavulanic acid. Twenty-one patients were treated

with both oral and intravenous antibiotics.

Of the patients who had radiographic findings of inter-

stitial or alveolar changes, 85.9% received intravenous

antibiotics, 5.9% received oral antibiotics and 16.6%

received both; 67.1% of these patients were treated with

oseltamivir.

Systemic corticosteroids were administered in 37

(15.2%) of 243 inpatients for whom this information was

available: 29 (10.2%) received hydrocortisone, 8 (2.8%)

received other corticosteroids.

Among the patients treated with systemic corticosteroids,

83.8% had an underlying medical condition, the most com-

mon being asthma or chronic obstructive pulmonary disease

(COPD) (11.6%), immunosuppression (10.5%), cardiovas-

cular disease (9.3%) and diabetes mellitus (9.3%).

Outcomes

Of the 343 patients who were hospitalised, 329 (95.9%)

were discharged and 14 (4.1%) died. Among those who

died, 10 were female (71.4%), 13 had been admitted to an

ICU and 11 required mechanical ventilation. The median

age of patients who died was 55.4 years (range 26–85).

Case fatality rates were highest (9.1%) in those aged

65 years or older (Table 1). Twelve of the patients who

died (85.7%) had an underlying medical condition: car-

diovascular diseases in six, asthma or COPD in three,

diabetes in three, obesity (BMI [35) in two, neurological

disorders in two and other chronic diseases in six. Eleven

of these patients (78.6%) had two or more underlying

medical conditions. Nine of the 14 patients had received

antiviral drugs and all had antibiotic treatment.

Autopsy results were available from 7 out of 14 patients

who died. In two patients, diffuse alveolar damage (DAD)

with fibrinous exudates, hyaline membranes and interstitial

neutrophilic infiltrates was reported. Another patient with

clinically diagnosed with S. aureus pneumonia, who

developed sepsis with multiorgan failure and finally died

because of cerebral mass bleeding, autopsy showed DAD

with additional abscess formation.

In addition, for one patient with underlying chronic lung

disease who died because of respiratory insufficiency,

pathology findings revealed organised pneumonia in all

lobes of both lungs. Two patients died because of myo-

cardial infarction. One of these patients demonstrated

pathologic-anatomical findings of DAD with interstitial

inflammation, alveolar oedema and pulmonary congestion,

the other suffered from sepsis with multiorgan failure

showing interstitial and alveolar oedema and bilateral

pleural effusions.

In one patient dying because of sepsis with multiorgan

failure, no signs of lung inflammation were observed in the

autopsy.

Risk factors for ICU admission

Risk factors for ICU admission are shown in Table 6.

Patients who were admitted to an ICU were significantly

more likely to present with thoracic pain, together with

fatigue and chills.

Comorbidities significantly associated with ICU admis-

sion included obesity, neurological disease, cardiovascular

disease and diabetes mellitus. No association with preg-

nancy, malignancy or immunosuppressive therapy was

detected.

Diagnostic findings on admission that were found to be

significantly associated with ICU admission included

anaemia, high CRP levels, elevated liver enzymes and

radiographically confirmed pneumonia.

Antiviral treatment significantly reduced the duration of

fever (by 0.66 days, P = 0.01) and lowered the risk of ICU

admission (P = 0.001), but had no significant benefit on

survival (P = 0.56) (Table 7).

A multivariable model for critical care requirement

included the variables age (decades), antiviral treatment with

oseltamivir, neurological comorbidity, interstitial or lobular

pathology on chest X-ray, and obesity. All factors demon-

strated a significant association (Table 8). Although the

overall population was young, the increase in risk for critical

care requirement for each additional decade of age was 4%.

Discussion

We report on a large case series of in- and outpatients

with 2009 pandemic H1N1 influenza virus infection that

included more than 20% of all patients hospitalised with
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Table 6 Comparison of in- and outpatients not admitted to an intensive care unit (ICU) and patients who were admitted to an ICU

ICU patients (n = 49) Non-ICU patients (n = 491) P-value

Age, mean (SD) 46.9 (23.6) 22.6 (18.2) \0.0001

Female 21/49 (42.9) 182/491 (37.1) 0.44

Smoker 11/34 (32.4) 64/257 (24.9) 0.40

Pregnancy 1/20 (5) 14/127 (13.2) 0.69

Duration of fever 5.4 (3.6) 3 (1.9) \0.0001

Previous seasonal influenza virus vaccination 0/8 (0) 2/63 (3.2) 0.99

Previous H1N1 virus vaccination 0/14 (0) 14/108 (13.0) 0.37

Previous pneumococcus vaccination 5/40 (12.5) 1/6 (16.7) 0.99

Positive H1N1 PCR 47/48 (97.9) 469/474 (99.0) 0.44

Positive H1N1 rapid test 4/10 (40.0) 66/166 (39.8) 0.99

Oseltamivir treatment 28/49 (57.1) 392/491 (79.8) 0.001

Fatal cases 13/47 (27.7) 1/294 (0.3) \0.001

Comorbidities

Asthma 2/49 (4.1) 11/491 (2.2) 0.33

COPD 3/49 (6.1) 22/491 (4.5) 0.49

Neuromuscular disease 0/49 (0.0) 3/491 (1.0) 0.99

Neurological disease 9/49 (18.4) 7/491 (1.4) \0.001

Obesity 9/49 (18.4) 9/491 (1.8) \0.001

Cardiovascular disease 16/49 (32.7) 16/491 (3.3) \0.001

Diabetes mellitus 8/49 (16.3) 15/491 (3.1) \0.001

Chronic liver disease 3/49 (6.1) 7/491 (1.4) 0.05

Malignancy 2/49 (4.1) 10/491 (2.0) 0.30

Haematological malignancy 1/49 (2.0) 10/491 (2.0) 0.99

Immunosuppression 3/49 (6.1) 20/491 (4.1) 0.46

Symptoms at presentation

Body temperature (�C)

37.3–38 10/37 (27.0) 50/303 (16.5) 0.12

38.1–39 19/37 (51.4) 170/303 (56.1) 0.60

[39.0 8/37 (21.6) 83/303 (27.4) 0.56

Fatigue 26/27 (96.3) 212/311 (68.2) 0.001

Myalgia 6/10 (60.0) 103/218 (43.6) 0.53

Chills 7/13 (53.9) 54/198 (27.3) 0.06

Thoracic pain 10/19 (52.6) 21/192 (10.9) \0.001

Diagnostic findings at presentation

Chest X-ray

Chest X-ray available 47/49 (95.9) 238/491 (48.5) \0.001

Without pathological findings 5/47 (10.6) 79/238 (33.2) 0.001

Interstitial pathology 11/47 (23.4) 20/238 (8.4) 0.01

Lobulary pathology 30/47 (63.8) 33/238 (13.9) \0.001

Laboratory findings

Leukocyte count \4,000/ll 5/49 (10.2) 28/342 (8.2) 0.59

Leukocyte count 4,000–10,000/ll 27/49 (55.1) 244/342 (71.4) 0.03

Leukocyte count [10,000/ll 17/49 (34.7) 70/342 (20.5) 0.04

Thrombocytopaenia 10/49 (20.4) 47/341 (13.8) 0.28

Anaemia 22/49 (44.9) 64/342 (18.7) \0.001

Lymphopaenia children 1/2 (50.0) 41/75 (54.7) 0.90

Lymphopaenia adults 9/13 (69.2) 20/83 (24.1) 0.001

GOT 30/44 (68.2) 54/243 (22.2) \0.001
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this infection in Austria during the period 2009–2010. In

our study population, half of the patients were\19 years of

age and half of the hospitalisations affected persons under

the age of 21 years; only 5.6% were 65 years of age or

older. Our findings are in line with the growing volume of

literature showing that the age distribution of 2009 pan-

demic H1N1 influenza disease was markedly different from

that observed in seasonal influenza, where hospitalisation is

more common among persons 65 years of age or older and

in children under the age of 5 years [21].

Table 7 Influence of antiviral

treatment with oseltamivir on

the duration of fever, risk of

severe disease and survival in

patients hospitalised with 2009

pandemic H1N1 infection

Oseltamivir No antiviral

treatment

P-value

Duration of fever (days) 2.59 (159 patients) 3.25 (57 patients) 0.01

ICU admission 28/420 (6.7%) 21/120 (17.5%) 0.001

Death 9/241 (3.7%) 5/100 (5.0%) 0.56

Table 8 Results of logistic regression analyses of demography, comorbidities, clinical presentation and diagnostic findings at admission for

critical care requirement in patients hospitalised with 2009 pandemic H1N1 infection

Odds ratio 95% confidence interval P-value

Age (increasing by each decade) 1.04a 1.02–1.06 \0.001

Oseltamivir treatment (yes vs. no) 0.325 0.14–0.74 0.008

Neurologic comorbidity (yes vs. no) 19.11 3.92–93.22 \0.001

Obesity (yes vs. no) 3.97 1.11–14.21 0.03

Chest X-ray: interstitial pathology (yes vs. no) 4.25 1.40–12.87 0.01

Chest X-ray: lobular pathology (yes vs. no) 13.24 5.92–29.63 \0.001

Multivariate analysis based on the observation of 539 cases. Hosmer–Lemeshow v2(6) = 5.66, P [ v2 = 0.4625
a Reflects a 4% increase in risk for critical care requirement for each additional decade of age

Table 6 continued

ICU patients (n = 49) Non-ICU patients (n = 491) P-value

GPT 21/44 (47.7) 42/241 (17.4) \0.001

Creatine kinase [200 U/l 18/31 (58.1) 36/165 (21.8) \0.001

CRP mg/dl, mean (SD) 15.5 (11.5) 6.7 (9.5) \0.001

Reason for admission

Containment strategy 0/49 (0) 114/491 (23.2) \0.001

Nosocomial acquisition 2/49 (4.1) 12/491 (2.4) 0.37

Respiratory impairment 37/49 (75.5) 92/491 (18.7) \0.001

Haemodynamic impairment 18/49 (36.7) 18/491 (3.7) \0.001

Cerebral impairment 4/49 (8.2) 4/491 (0.8) 0.003

Pregnancy 1/49 (2.0) 7/491 (1.4) 0.54

Risk patient 6/49 (12.2) 33/491 (6.7) 0.15

Complications during hospital stay

Neuropathia 1/49 (2.0) 0/295 (0.0) 0.14

Myocarditis 1/49 (2.0) 1/295 (0.3) 0.27

Myositis 9/49 (18.4) 0/295 (0.0) \0.001

Enteritis 3/49 (6.1) 6/295 (2.03) 0.12

Bacterial pneumonia 21/49 (42.9) 29/295 (9.83) \0.001

Sepsis 9/49 (16.3) 2/295 (0.7) \0.001

Pulmonary embolism 2/49 (4.08) 0/295 (0.0) 0.02

Data are presented as no./total no. (%) for categorical data or as mean ± SD for continuous data (no. of patients in parentheses)

GOT glutamate oxaloacetate transaminase, GPT glutamic pyruvic transaminase, CRP C-reactive protein
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A potential explanation for this observation is that

patients in the older age group have an antibody that is

cross-reactive with 2009 H1N1 virus at much higher rates

than which is found in younger patients [22–24]. It has

been further presumed that children are more likely to be

exposed to the infection in schools and that young febrile

persons are more likely to be tested than older adults with

influenza, who often do not have fever [25].

Despite persons aged 65 years or older having lower

infection rates, in our study, they were the group most likely

to be admitted to an ICU or to die. These findings concur with

early reports from Mexico and later reports worldwide [26].

Comorbidity may have contributed to 2009 pandemic H1N1

mortality in elderly persons: 60% of cases over the age of

60 years had heart or respiratory disease [26]. Similarly, we

found a clear linear trend between the number of comor-

bidities and ICU admission; in the present case series, more

than 90% of the hospitalised patients and all patients

admitted to the ICU aged 65 years or older had an underlying

medical condition. In contrast, all previous healthy patients

requiring intensive care were under the age of 65 years.

The relative absence of comorbidities in our case series

suggests that the population primarily affected by severe

H1N1 infection during the 2009 pandemic were young and

relatively healthy adults.

Nevertheless, the fact that severe disease has arisen in

such a population, with a high probability of survival given

the availability of appropriate resources, has important

societal implications [27]. Although the increased demand

for ICU care and ECMO was foreseeable [15, 16, 27–30],

the capacity to care for critically ill patients was seriously

challenged and ECMO services in Austria were at the limit

[31]. Despite international warnings and recommendations

regarding the management of intensive care services, nei-

ther specific procedures for the management of increased

numbers of ICU cases nor improved regional coordination

for ICU care was established in Austria.

According to Austrian health officials, approximately

300,000 persons received a vaccination against the 2009

pandemic H1N1 virus, which corresponds to only about

3% of the population. Concerning the vaccination rate

among healthcare workers in Austria, no official data are

available. At the Medical University of Salzburg, 62.7% of

the physicians and 26.6% of the nursing staff received at

least a single dose of the bivalent vaccine Celvapan. At the

Medical University of Vienna, comprising 8,955 employ-

ees, 3,670 doses of Celvapan were used, which would

correspond to 1,835 employees (20.5%) receiving the

recommended two doses of the vaccine. This strikingly low

vaccination rates resulted from a lack of enthusiasm in the

general public and in some healthcare professionals, and

highlights the need for effective strategies to counter anti-

vaccination messages.

In contrast to seasonal influenza, obesity has been

identified as a risk factor for severe 2009 pandemic H1N1

infection in several reports [16, 19, 27, 32]. In the present

study population, the prevalence of obesity was low, being

5.1% in adults and 0.9% in children. Nonetheless, obesity

was significantly related to severe disease requiring ICU

admission, although not with fatality amongst our H1N1

patients.

Pregnancy is a well-established risk factor for severe

influenza disease. During the 2009 influenza pandemic,

pregnant women accounted for up to 7–10% of hospitalised

patients [16, 17, 33], 6–9% of ICU patients [15, 27] and

6–10% of patients who died [16, 34], compared to 1–2% of

pregnancies among a healthy population. This is also

consistent with influenza-associated excess deaths among

pregnant women during the pandemics of 1917–1918 and

1957–1958 [35].

However, in the later phases of the 2009 H1N1 pan-

demic, its effect on pregnant women was less than initially

anticipated, which may be attributable to worldwide rec-

ommendations for pregnant women to be vaccinated

against the 2009 H1N1 strain and advice to facilitate early

access to antiviral treatment for pregnant women with

symptoms of flu [36]. Presentation with mild or moderate

symptoms was frequent among the 15 pregnant women in

our series, although rapid clinical progression and deteri-

oration did occur: one woman in the third trimester with

diabetes mellitus and respiratory failure required a Cae-

sarean section, ICU admission and mechanical ventilation

for 21 days. In our analysis, pregnancy was not associated

with a higher hospitalisation rate or the need for ICU

admission. No data are available on the rate of H1N1

vaccination among pregnant women in Austria.

In contrast to seasonal influenza, early reports of severe

cases of 2009 pandemic H1N1 infection showed no evi-

dence of concomitant bacterial pneumonia [37], although

in one smaller study, early-onset secondary bacterial

pneumonia due to S. aureus was observed at a high fre-

quency of 22% [38]. In the present analysis, concomitant

laboratory-confirmed bacterial pneumonia was reported in

only nine patients, the most common pathogen isolated

being S. pneumoniae. These findings might lead to the

perception that bacterial coinfections played a limited role

during the 2009 H1N1 pandemic. On the other hand, a

recent study on bacterial pneumonia in fatal cases of the

pandemic indicates that, as observed during previous

influenza pandemics, bacterial pneumonia considerably

contributed to death [39]. Thus, a low number of clinically

documented bacterial lung infections might reflect the

difficulty of establishing specific bacterial diagnoses in

persons with suspected bacterial coinfection rather than

reflecting a truly low incidence [40]. Accordingly, in the

present analysis, 14.6% of the hospitalised patients, 42.9%
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of the patients requiring intensive care and 38.5% of fatal

cases had a clinical diagnosis of bacterial pneumonia. Our

data suggest that bacterial lung infections occurred among

patients with 2009 pandemic H1N1 infection and may

underline the importance of pneumococcal vaccination for

persons at increased risk of pneumococcal pneumonia.

In this context, higher CRP values at presentation were

significantly associated with a higher risk for critical care

requirement. Generally, CRP values are higher in patients

with bacterial infections than in those with non-bacterial

infection, and high levels are associated with mortality [19,

41]. These findings are in accordance with previous reports

of raised CRP levels as a risk factor for severe H1N1

influenza disease and highlight the potential seriousness of

this parameter.

Of interest, fever C38�C was recorded in more than 80%

of the patients and was, thus, the most sensitive parameter.

However, this result should be considered with caution,

because information on raised body temperature was pro-

vided for only 340 (63%) out of 540 patients. Under the

assumption that this item non-response can be mainly

explained by the absence of the specific condition, our data

accords to previous reports of low prevalence of fever

among patients with 2009 pandemic H1N1 infection [9,

19].

Our data on the 2009 H1N1 pandemic further underline

important issues in diagnostic testing and treatment: rapid

influenza tests yielded false-negative results in 60.2% of

cases tested. This is in line with other reports of low sen-

sitivity of point-of-care tests for 2009 pandemic H1N1

infection [42, 43]. The sensitivity was higher in children,

who shed higher viral loads for longer durations compared

with adults [44]. Thus, reliance on the results of rapid tests

may be misleading and could result in the delayed diag-

nosis of H1N1 infection.

In our study population, antiviral treatment was

administered to 70% of the inpatients and 89.8% of the

outpatients. Although no information was obtained on the

time between the onset of symptoms and the initiation of

therapy, antiviral therapy reduced the symptoms of influ-

enza. The benefit was, however, modest, with a reduction

in the duration of fever of 0.6 days. No benefit in terms of

survival could be identified. Nonetheless, antiviral treat-

ment significantly reduced the risk of admission to an ICU.

Thus, our data indicate that antiviral treatment may be

beneficial for patients with 2009 pandemic H1N1, regard-

less of the time of symptom onset.

The limitations of our study should be noted. Partici-

pation in the study was voluntary and was, therefore,

subject to reporting bias. In addition, as data were collected

only on patients seeking emergency medical care, the

results may not truly represent cases of milder disease or

patients who were not tested for H1N1 infection. Further,

data were collected from pre-existing medical records.

Some variables, such as presenting symptoms, may have

been subject to bias in terms of questioning or interpreta-

tion by healthcare practitioners.

In summary, although the majority of the described

cases were mild, severe illness, including pneumonia and

ARDS, was observed. Underlying medical conditions were

common in the 540 cases we evaluated, but severe illness

was also identified among previously healthy persons.

Elderly, obese and patients with neurologic disease had an

increased risk for severe H1N1 infection during the 2009

pandemic in Austria. Antiviral treatment provided a mini-

mal effect on the symptoms of influenza, but reduced the

risk of admission to an ICU.
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