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Abstract

Introduction The aim was to study the characteristics and

case severity of patients hospitalized for influenza with a

pandemic strain at a German tertiary care university hos-

pital in 2009/10 and 2010/11 and to compare them to two

previous influenza seasons.

Methods An observational study of all patients hospital-

ized for laboratory-confirmed influenza during the last four

influenza seasons at Regensburg University Hospital was

undertaken.

Results During the last four seasons, a rising number of

patients were admitted due to influenza (4 in 2007/8, 16 in

2008/9, 27 in 2009/10, and 55 in 2010/11). Patients seen

in the last two seasons were younger (median age 63 years

in 2007/8, 52 years in 2008/9, 42 years in 2009/10, and

48 years in 2010/11) (p = 0.046) and presented with a

lower rate of major comorbidities (75 % in 2007/8, 62.5 %

in 2008/9, 37 % in 2009/10, and 47.3 % in 2010/11). The

pandemic and post-pandemic seasons were characterized

by a high rate of seriously ill patients with longer hospi-

talizations (11 days in 2007/8, 7 days in 2008/9, 22 days in

2009/10 and 2010/11) (p = 0.004) and higher rates of

intensive care unit (ICU) admission (25 % in 2007/8,

18.8 % in 2008/9, 66.7 % in 2009/10, and 52.7 % in

2010/11) (p = 0.003) and mechanical ventilation (25 %

in 2007/8, 6.3 % in 2008/9, 63 % in 2009/10, and 49.1 %

in 2010/11) (p \ 0.001). Extracorporeal membrane oxy-

genation (ECMO) was necessary in 33.3 % of patients in

2009/10 and 25.5 % in 2010/11. We had six fatalities in

both pandemic and post-pandemic seasons.

Conclusion Compared to seasonal influenza, we observed

even more so in the post-pandemic than the pandemic

season a higher number of younger patients, with less

serious comorbidities often showing a very severe course.
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(H1N1) � Post-pandemic season � Comorbidities �
ICU admission

Introduction

In April 2009, a new pandemic influenza A (H1N1) virus

from swine origin emerged and spread globally [1]. As the

only tertiary care university hospital in a large geographical

area in southeast Germany, we are the referral center for a

population of nearly 2 million inhabitants. Patients with

severe respiratory failure due to influenza are predomi-

nantly transferred to our unit. Due to the hospital charac-

teristics, pediatric patients and pregnant women are

primarily seen in clinics outside the main campus. The aim
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of this study was to describe the characteristics and case

severity of influenza patients in the pandemic and post-

pandemic influenza A (H1N1) seasons and to compare

them to two preceding influenza seasons.

Methods

Influenza season

A season was defined as a period from 1st of September

until 30th of April of the following year.

Case definition and identification

All patients admitted for signs, symptoms, or complica-

tions due to influenza and a respiratory sample positive for

influenza virus by polymerase chain reaction (PCR) were

included. This included patients tested positive outside and

then transferred to our hospital. Referral and hospital

admission criteria over time have not changed.

We also had patients admitted with other diagnoses and

a positive influenza test more than 5 days after the start

of hospitalization. These cases were classified as ‘‘noso-

comial’’ and were excluded from further analyses if not

mentioned otherwise.

Cases were identified through the hospital database

(ICD-10 codes J09, J10.0, J10.1, J10.8, J11.0, J11.1, J11.8,

J12.8, and U69.20) and the database of the Institute of

Medical Microbiology and Hygiene.

Laboratory tests

Specimens comprised throat washes, nasal washes, and

native nasopharyngeal swabs. Reverse transcription (RT)

quantitative PCR (qPCR) for the detection of influenza A

and B virus was performed as described previously [2, 3],

with modifications to the protocol (see Table S1 in the

supplementary material.

Separate PCR assays were run for the detection of

influenza A, influenza A (H1N1/09), and influenza B

strains. Thermal cycling was carried out on a StepOnePlus

instrument (Applied Biosystems). The 95 % limit of

detection was 1,000 copies per ml of sample for the

influenza A and B assays, and 500 copies per ml of sample

for the influenza A (H1N1/09) assay.

Length of treatment periods

All periods are given in days. In transferred patients with

incomplete data, only the number of determinable days for

the different periods was used.

Major comorbidity

A major comorbidity was defined as cancer, solid organ or

allogeneic hematopoietic stem cell transplantation, autoim-

mune disease, immune suppression, advanced liver cirrhosis

(Child–Pugh class C), chronic lung disease with need for

home oxygen therapy, advanced cardiac insufficiency [New

York Heart Association (NYHA) class IV], or a combination

of three minor (i.e. non-major) comorbidities.

Statistical analysis

Statistical analyses were performed with SPSS 18.0 (SPSS

Inc., Chicago, IL). Categorical variables were analyzed by

the Chi-squared test, and continuous variables dependent

on their distribution with either the t-test or the two-sample

median test or Mann–Whitney U-test. A p-value of less

than 0.05 was considered to be significant.

Ethics committee

Because of the non-interventional observational study

design, a formal approval process for this study was waived.

Results

Admissions

Admissions due to influenza were rare in the seasons

2007/8 and 2008/9, with a total number of 4 and 16 cases,

respectively, which rose to 27 cases in 2009/10 and 55

cases in 2010/11.

Except for the season 2007/8, we observed a dominance of

influenza A in our hospital, with a high prevalence of pandemic

influenza A (H1N1) during the last two seasons. Influenza B

was dominant in 2007/8 and we also observed a low number of

influenza B infections during the season 2010/11, including

three patients presenting with dual influenza infection [both

pandemic influenza A (H1N1) and B] (Table 1).

As a tertiary care university hospital, we had a high

number of seriously ill patients transferred from peripheral

hospitals, especially in the last two seasons; in the pandemic

season, 15 patients were transferred to our ICUs from outside

hospitals, followed by 25 patients in the post-pandemic sea-

son. In comparison, one patient was transferred in 2007/8 and

two patients were transferred in 2008/9.

Patient characteristics

Patients admitted during the pandemic and post-pandemic

seasons were younger (median age 42 years in 2009/10 and

2010/11 vs. 52 years in 2007/8 and 2008/9; p = 0.046).
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Sex distribution was balanced, except for the season

2008/9, where we observed a dominance of male patients

(Table 2).

During all seasons, the percentage of patients presenting

with any underlying disease was rather stable (Table 2).

For the pandemic and post-pandemic seasons, we had

lower rates of patients presenting with a major comorbidity

compared to the seasonal influenza seasons before, but this

finding was not statistically significant.

Hypertension was among one of the most common

comorbidities. We also had many patients on immuno-

suppressive therapy for varying underlying causes. Fur-

thermore, chronic lung disease constituted an important

underlying condition.

According to our hospital characteristics, we had a high

rate of organ or stem cell transplant patients.

Case severity

Compared to previous years, in the pandemic and post-

pandemic seasons, we had a significantly higher rate of

admissions to the ICU (p = 0.003), with almost every ICU

patient supported by invasive mechanical ventilation

(p \ 0.001) (Table 3).

In 2009/10, 11 patients (including two nosocomial

cases) were on ECMO, compared to 16 patients (including

two nosocomial cases) in 2010/11. Prior to that, only one

patient needed extracorporeal respiratory support by an

interventional lung assist (ILA) system in 2007/8.

Antiviral therapy was initiated in most patients with oral

oseltamivir. Some patients not improving on oral treatment

were switched to zanamivir intravenously in the pandemic

and post-pandemic seasons within a compassionate use

program (Table 3).

For the last two influenza seasons, patients admitted had

a significantly higher number of total in-hospital days

(p = 0.004) (Table 3).

During the seasons 2007/8 and 2008/9, no patient with

influenza died. In the last two seasons, we had six fatalities

during each season (seven respectively including nosoco-

mial cases). The median age of patients dying with influ-

enza was 53 years in 2009/10 and 55 years in 2010/11.

In 2009/10, three patients who died with influenza had

a major comorbidity, which was cutaneous lupus ery-

thematodes on continuous steroid therapy in one patient, a

combination of severe dilative cardiomyopathy, ulcerative

colitis, and renal insufficiency IV in the second patient, and

Henoch–Schönlein purpura, IgA nephritis, and hyper IgM

syndrome in the third patient. Two patients presented with

diabetes and hypertension, and one patient was otherwise

healthy. In 2010/11, all patients dying with influenza had

prior major comorbidities: multiple sclerosis on immuno-

suppressive therapy, allogeneic hematopoietic stem cell

transplantation for acute myelocytic leukemia (two

patients), liver cirrhosis (Child–Pugh class C), chronic

lymphatic leukemia on chemotherapy, and systemic vas-

culitis on immunosuppressive therapy.

Case fatality was only seen in patients treated in the ICU

and on mechanical ventilation. Additionally, in 2009/10,

6/6 patients and, in 2010/11, 3/6 patients dying with

influenza had been on ECMO.

Even with more patients treated for influenza in

2010/11, we had fewer severely ill patients compared to the

season 2009/10.

Table 1 Patients tested for influenza during the last four influenza seasons

2007/8 2008/9 2009/10 2010/11

Patients tested 76 193 368 501

Positive 7 (9.2) 26 (13.5) 67 (18.2) 86 (17.2)

A (w/o pH1N1) 1 (14.3) 21 (80.8) 0 1 (1.2)

A (H1N1/09) 0 1b (3.8) 67 (100) 71 (82.6)

B 6 (85.7) 4 (15.4) 0 11 (12.8)

A (H1N1/09) ? B 0 0 0 3 (3.5)

Total admissionsa 6 20c 33d 62e

Nosocomial 2 4 6 7

Patients included for further study (total admissions w/o nosocomial cases) 4 16 27 55

Data is given as n(%)
a Positive tested patients with no need for further inpatient treatment were discharged from our outpatient clinics and emergency department
b First German patient with influenza A (H1N1/09); traveler returning from Mexico
c One patient transferred from a peripheral hospital not being positive again in retesting
d Four patients transferred from peripheral hospitals not being positive again in retesting or not retested
e Two patients transferred from peripheral hospitals not being positive again in retesting or not retested
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In the post-pandemic season, we observed a trend

towards lower rates of admission to the ICU (66.7 % in

2009/10 vs. 52.7 %, respectively), mechanical ventilation

(63 % in 2009/10 vs. 49.1 %, respectively), and ECMO

support (33.3 % in 2009/10 vs. 25.5 %, respectively) (dif-

ferences not significant). Furthermore, we saw a reduction

in death rates (22.2 % in 2009/10 vs. 10.9 %, respectively)

(again, not significant).

Lengths of treatment episodes were similar in the pan-

demic and post-pandemic seasons.

Discussion

During the last four influenza seasons, rising numbers of

patients with influenza have been admitted to our tertiary

care hospital, with a high rate of seriously ill patients

transferred to our ICUs especially in the pandemic and

post-pandemic influenza A (H1N1) 2009 seasons.

The distribution of influenza subtypes in our patients

reflects well the overall German data for the seasons

2007-2011 [4, 5]. Analogous to national surveillance

data [4], influenza B was present in a number of patients

in our population in 2010/11. Our six patients hospital-

ized for monoinfection with influenza B had a mild

course without need for intensive care or ventilatory

support.

We excluded patients with nosocomial influenza from

most of our analyses because of their different clinical

presentation and course, as none of these patients was

hospitalized primarily due to symptoms, signs, or compli-

cations of influenza.

Table 2 Patient characteristics

Comorbidities 2007/8

(n = 4)

2008/9

(n = 16)

2009/10

(n = 27)

2010/11

(n = 55)

p value

Any 3 (75) 13 (81.3) 21 (77.8) 44 (80) n.s.

Major comorbidity 3 (75) 10 (62.5) 10 (37) 26 (47.3) n.s.

Chronic lung disease 0 4 (23.5) 5 (18.5) 16 (29.1)

Asthma 0 1 (5.9) 1 (3.7) 5 (9.1)

COPD 0 2 (11.8) 4 (14.8) 11 (20)

Other 0 1 (5.9) 0 1 (1.8)

Cardiac diseasea 0 2 (11.8) 5 (18.5) 14 (25.5)

Hypertension 2 (50) 4 (23.5) 9 (33.3) 23 (41.8)

Chronic renal insufficiency 2 (50) 6 (35.3) 4 (14.8) 8 (14.5)

Diabetes 1 (25) 1 (5.9) 5 (18.5) 11 (20)

Cirrhosis/liver disease 0 1 (6.3) 1 (3.7) 3 (5.5)

Malignancy 1 (25) 5 (31.3) 2 (7.4) 10 (18.2)

Hematologic 1 (25) 4 (25) 2 (7.4) 10 (18.2)

Solid cancer 0 1 (5.9) 0 0

Solid organ transplantation 1 (25) 3 (17.6) 2 (7.4) 7 (12.7)

Allogeneic hematopoietic stem cell transplantation 1 (25) 0 4 (14.8) 4 (7.3)

Autoimmune diseaseb 0 1 (5.9) 3 (11.1) 4 (7.3)

Immune suppressionc 2 (50) 6 (35.3) 6 (22.2) 20 (36.4)

Neurological diseased 1 (25) 2 (11.8) 3 (11.1) 5 (9.1)

Age distribution

Median age 63 52 42 48

52 42 0.046e

Sex

Male 2 (50) 11 (68.8) 12 (44.4) 28 (50.9)

Female 2 (50) 5 (31.3) 15 (55.6) 27 (49.1)

Data is given as n(%)
a For example, heart failure, cardiac arrhythmia, coronary heart disease
b For example, arthritis, vasculitis, systemic lupus erythematodes
c Immunosuppression by steroid therapy, chemotherapy, immunosuppressive therapy
d For example, polyneuropathy, seizures, multiple sclerosis, myasthenia gravis
e Two-sided median test
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With a high proportion of pandemic influenza A

(H1N1), patients in the pandemic and post-pandemic sea-

sons were younger than patients with seasonal influenza in

previous seasons, similar to data from a Hong Kong pop-

ulation [6].

Nevertheless, patients with the pandemic influenza A

(H1N1) strain in our hospital were older than in national and

international comparable cohorts [7, 8]. This can be explained

by three facts: first, children with influenza-like illness are not

primarily evaluated in our hospital and H1N1 infection rates

were highest among children and young adults [9]; second,

pregnant women with a high risk for influenza and severe

complications are also not primarily seen in our hospital

[7, 10]; and, third, our population of patients in the last two

seasons consisted of a high rate of transferred patients with

very severe disease and the global data show that older adults

have a higher risk of a severe course [11].

During the pandemic and post-pandemic seasons, hos-

pitalized patients had fewer major comorbidities compared

to the seasons before. Nevertheless, in contrast to another

study that demonstrated fewer comorbidities in patients

from the pandemic season [6], the overall proportion of

comorbidities was relatively stable during the last four

seasons, with about 75-81 % of patients presenting with

an underlying condition (Table 2). Selected studies repor-

ted rates of 25-50 % of patients hospitalized for or dying

from pandemic influenza without any underlying medical

conditions [12–15].

Comorbidities in our patients reflected most probably

the general medical inpatient population at our hospital,

with high numbers of malignancies, transplantations, and

patients on immunosuppressive therapy (Table 2). Many of

our patients also had arterial hypertension, which was,

elsewhere, listed as a risk factor for severe morbidity from

pandemic influenza A (H1N1) [16].

Except for one patient in 2009/10, all fatal cases pre-

sented with comorbidities, and in 2010/11, all with major

comorbidities.

Our fatal cases had a median age of 53 years in 2009/10

and 55 years in 2010/11. A global pooled analysis reported

a median age for fatal cases of pandemic influenza A

(H1N1) of 46 years [11]. Case fatality ratios have been

shown to be higher among older people [17, 18].

We had a very high rate of ICU admissions compared to

data from other institutions [6, 16, 19, 20]. This can be

attributed to our tertiary care status as an ECMO center

with a high rate of patients transferred for severe respira-

tory failure from other hospitals.

In our institution, we admitted more patients during the

post-pandemic than the pandemic season, with a trend

towards a slightly reduced case severity (Tables 1 and 3).

Patients were older compared to the pandemic season.

Obesity is one of the described risk factors for severe

pandemic influenza A (H1N1) [7, 21, 22]. In our institu-

tion, we observed a high rate of obese patients admitted for

influenza during the pandemic and post-pandemic seasons

Table 3 Length of stay and case severity

Admissions 2007/8 (n = 4) 2008/9 (n = 16) 2009/10 (n = 27) 2010/11 (n = 55) p value

Length of hospital stay, median (days) 11 7 22 22 0.004g

Admission to ICU, no. (%) 1 (25) 3 (18.8) 18 (66.7) 29 (52.7) 0.003h

Length of stay ICU, median (days) 22 11 25 24

Mechanical ventilation, no. (%) 1 (25) 1 (6.3) 17 (63) 27 (49.1) \0.001h

Duration (median) 20 19 21 21 n.d.

ECMO, no. (%) 1 (25) 0 9b (33.3) 14e (25.5) 0.029h

Duration (median) 13 0 16 12,5 n.d.

Any antiviral therapy, no. (%) 1a (25) 11a (68.8) 25 (92.6) 44f (80) 0.007h

Zanamivir therapy, no. (%) 0 0 6c (22.2) 4 (7.3) n.d.

Death, no. (%) 0 0 6d (22.2) 6d (10.9) 0.058h

ECMO extracorporeal membrane oxygenation
a Two patients without definite information, classified as no therapy
b Three patients without definite information, classified as no therapy
c In total, 11 patients, including two nosocomial cases
d In total, 8 patients, including two nosocomial cases
e In total, 7 patients during each season, including one nosocomial case, respectively
f In total, 16 patients, including two nosocomial cases
g Mann-Whitney U-test
h Chi-squared test
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(data not shown). As we could not regularly obtain data on

height and weight, these observations were often based on

the physician’s individual evaluation.

Our study had limitations because of its observational

nature and restriction to a single center with low patient

numbers, especially for the season 2007/8, and due to the

tertiary care setting of our hospital. The numbers especially

of subpopulations are small, so that meaningful statistical

comparisons could not be carried out. Nevertheless, from

our data, it is evident that a high case load and case severity

of patients hospitalized for influenza both in the pandemic

and the post-pandemic seasons was present in our geo-

graphic region. While the pandemic season caused a sig-

nificant exposure in the media, the post-pandemic season

did not, although in terms of the usage of tertiary care

facilities in our regions, the post-pandemic season was

even more challenging than the pandemic season. It is most

sobering to state that a virus strain with a higher virulence

or lower preexisting immunity in older adults would have

rapidly lead to the exhaustion of ICU and ventilatory

support capacities in our hospital and, probably, in most of

the tertiary care centers in Germany.

Conclusion

Compared to the seasonal influenza seasons 2007/8 and

2008/9, we saw a high number of younger patients with less

serious comorbidities during the pandemic and post-pan-

demic seasons; more than half of these patients showed a very

severe course, with need for ICU treatment and respiratory

failure, resulting in high fatality rates. Comparing the pan-

demic with the post-pandemic season, we had even more

patients hospitalized during the post-pandemic season, but

saw a trend towards declining case severity.

Conflict of interest The authors declare that they have no com-

peting interests.
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19. Lücker LM, Kherad O, Iten A, Wagner N, Descombes M, Camus

V, et al. Clinical features and outcome of hospitalised adults and

children with the 2009 influenza A H1N1 infection at Geneva’s

University Hospital. Swiss Med Wkly. 2011;141:w13177.

20. Riquelme R, Riquelme M, Rioseco ML, Inzunza C, Gomez Y,

Contreras C, et al. Characteristics of hospitalised patients with

2009 H1N1 influenza in Chile. Eur Respir J. 2010;36:864–9.

21. Louie JK, Acosta M, Samuel MC, Schechter R, Vugia DJ, Harriman

K, et al. A novel risk factor for a novel virus: obesity and 2009

pandemic influenza A (H1N1). Clin Infect Dis. 2011;52:301–12.

22. Ugarte S, Arancibia F, Soto R. Influenza A pandemics: clinical

and organizational aspects: the experience in Chile. Crit Care

Med. 2010;38:e133–7.

150 S. Bauernfeind et al.

123


	Pandemic and post-pandemic influenza A (H1N1) seasons in a tertiary care university hospital---high rate of complications compared to previous influenza seasons
	Abstract
	Introduction
	Methods
	Results
	Conclusion

	Introduction
	Methods
	Influenza season
	Case definition and identification
	Laboratory tests
	Length of treatment periods
	Major comorbidity
	Statistical analysis
	Ethics committee

	Results
	Admissions
	Patient characteristics
	Case severity

	Discussion
	Conclusion
	Conflict of interest
	References


