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Abstract
Background: The first imported case of pandemic influenza (H1N1) 2009 in Germany was confirmed in April 2009.
However, the first wave with measurable burden of disease started only in October 2009. The basic epidemiological
and clinical characteristics of the pandemic were analysed in order to understand the course of the pandemic in
Germany.
Methods: The analysis was based on data from the case-based, mandatory German surveillance system for infectious
diseases. Cases notified between 27 April and 11 November 2009 and fulfilling the case definition were included in the
study.
Results: Two time periods with distinct epidemiologic characteristics could be determined: 23,789 cases (44.1%)
occurred during the initiation period (IP, week 18 to 41), and 30,179 (55.9%) during the acceleration period (AP, week 42
to 45). During IP, coinciding with school summer holidays, 61.1% of cases were travel-related and one death occurred.
Strict containment efforts were performed until week 32. During AP the majority of cases (94.3%) was autochthonous,
12 deaths were reported. The main affected age group shifted from 15 to 19 years in IP to 10 to 14 years in AP (median
age 19 versus 15 years; p < 0.001). The proportion of cases with underlying medical conditions increased from 4.7% to
6.9% (p < 0.001). Irrespective of the period, these cases were more likely to be hospitalised (OR = 3.6 [95% CI: 3.1; 4.3])
and to develop pneumonia (OR = 8.1 [95% CI: 6.1; 10.7]). Furthermore, young children (0 to 2 years) (OR = 2.8 [95% CI:
1.5; 5.2]) and persons with influenza-like illness (ILI, OR = 1.4 [95% CI: 1.0; 2.1]) had a higher risk to develop pneumonia
compared to other age groups and individuals without ILI.
Conclusion: The epidemiological differences we could show between summer and autumn 2009 might have been
influenced by the school summer holidays and containment efforts. The spread of disease did not result in change of
risk groups or severity. Our results show that analyses of case-based information can advise future public health
measures.
Background
Only a few days after the World Health Organization
announced on 24 April 2009 a Public Health Emergency
of International Concern caused by a new influenza virus
variant, the first imported case of pandemic influenza
(H1N1) 2009 was confirmed in Germany [1]. International travel facilitated the geographical spread from the
initial foci of infection in Mexico and the United States to
many countries throughout the world, seeding urban centres with a high intensity of transmission before wider
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geographical spread within countries occurred [2]. In
summer 2009, most countries reported increasing case
numbers, however, differences in patterns and intensity
of transmission ranging from sustained human-tohuman transmission in some areas to local transmission
in others were observed. While on average 50% of the
cases in Europe were travel-related during the summer
months, noticeable geographical differences were seen. In
July 2009, in the UK a sharp increase in the proportion of
locally acquired infections was observed [3]. At the same
time, in Germany the proportion of cases associated with
travel to European countries continued to rise, with the
majority of infections in travellers returning from Spain -
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a major holiday destination [4]. In contrast to other European countries no influenza-associated deaths were
reported until 25 September 2009. The first wave of the
H1N1 pandemic with measurable disease burden at the
population level in Germany started only in October
2009.
Based on the surveillance data we analysed the basic
epidemiological and clinical characteristics of pandemic
influenza (H1N1) 2009 infection in order to understand
the course of the pandemic in Germany. Furthermore we
investigated factors associated with hospitalisation and
the occurrence of pneumonia to provide new as well as
verify existing evidence on risk groups for severe disease
and resulting recommendations.

Methods
The analyses were based upon data from two sources:
The national surveillance system for notifiable infectious
diseases and the sentinel surveillance system for acute
respiratory diseases (ARI).
In 2001, the German national electronic surveillance
system (SurvNet@rki) was established. Case-based information is transmitted electronically by the local health
authorities via the state health authorities to the Robert
Koch Institute, which is the national public health institute (RKI) [5]. Transmitted data sets include information
on age, sex, date of symptom onset, hospitalisation, and
country of infection, amongst others.
Cases notified between 27 April 2009 (week 18) and 11
November 2009 (week 45) which fulfilled the following
case definition were included in the analyses:
• Any case with detection of nucleic acid of pandemic
influenza (H1N1) 2009 by real-time PCR [6], regardless of clinical presentation (laboratory-confirmed
case),
• any case with fever and acute respiratory symptoms
or death from unexplained acute respiratory illness
with contact to a laboratory-confirmed case (epidemiological linked case).
Influenza-like illness is defined as acute onset of respiratory symptoms, and fever, and cough, and headache or
musculo-skeletal pain. Risk factors for severe courses are
defined as chronic diseases (cardio-vascular disease,
respiratory disease, immunosuppression, diabetes, other
chronic diseases), obesity (body mass index > 30), and
pregnancy. This additional information was gathered for
each case using a defined free-text format available in
SurvNet@rki starting in week 18 and expanded to
retrieve more detailed information in weeks 26 and 43
(see annex).
The burden of disease is measured by syndromic sentinel surveillance. The sentinel surveillance system of acute
respiratory illness (ARI; defined as acute pharyngitis,
bronchitis or pneumonia with or without fever) was
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established in Germany in 1992, since summer 2006 a
year-round sentinel surveillance of influenza was implemented. Since week 16/2009 the sentinel surveillance is
exclusively performed by the sentinel physicians and the
RKI. Data from approx. 400 (summer) to 650 (winter)
actively reporting sentinel sites are transmitted weekly to
the Robert Koch Institute. An index ("Practice index"; PI)
for each participating sentinel site (surgery/practice) is
calculated weekly by the "Arbeitsgemeinschaft Influenza"
(http://influenza.rki.de). The PI is defined as the relative
deviation of observed consultations for ARI divided by all
consultations in the same week and set into relation to
the background value of this ratio in weeks without influenza virus circulation. Background ARI activity during
winter is set at the threshold PI of 115.
Age was calculated based on the notified year and
month of birth. The age group of school-aged children
was defined as 5 to 14 years. Categorical variables are
presented as percentages with interquartile ranges and
continuous variables are presented with interquartile
range where appropriate. Bivariate analysis was done to
compare two groups using the chi-square test for categorical and the Mann-Whitney test for continuous variables. Odds were calculated including 95% confidence
intervals. Unconditional logistic regression models were
performed including all variables of interest to investigate
the association of hospitalisation and pneumonia with
independent variables. Analyses were performed using
PASW Statistics 17.0 (SPSS Inc, Chicago, USA).
As one of the possible factors with impact on the course
of the pandemic the timing of the school holidays was
analysed. In Germany the school vacation times differ
between the 16 Federal States. We calculated the vacation
density for the observation period and defined it as the
mean proportion of the population per week living in
States with on-going school holidays (http://
www.schulferien.org/inverser_Ferienkalender/
ferientermine_2009_invers.html).

Results
General epidemiological features

As of 11 November 2009 a total of 53,968 cases and 13
deaths was reported from week 18 through week 45 to
the RKI. The most frequent reported symptoms were
fever (80.7%) and cough (77.8%). Acute onset of disease
was reported in 22.4% of the cases.
Weeks 18 through 28 were characterised by low numbers of reported cases. From week 29 to 35 an increased
number of cases was reported with a peak of more than
3,500 cases in week 31. The peak was followed by a lower
plateau with 850 to 1,500 newly reported cases per week
(week 36 to 41). From week 42 onwards the number of
reported cases started to increase steeply forming the
first wave of autochthonous transmission of pandemic
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Figure 1 Cases of pandemic influenza (H1N1) 2009 virus infection in Germany by source of origin by week as of 11 November 2009. (n =
53,968).

influenza (H1N1) 2009 in Germany (figure 1). During the
summer no increased influenza activity was detected by
the syndromic sentinel surveillance, however, from week
42 onwards the nationwide ARI activity was for the first
time above the baseline activity threshold with pronounced increased activity in the southern part of Germany, especially in Bavaria (figure 2).

From week 18 to 32 information on contact tracing was
available for 2,896 (26%) of 11,283 notified cases (figure
3). For these cases 21,717 contact persons were reported.
In average (median), 3 contact persons per case were
identified and followed up (lower and upper quartile: 2, 6;
range: 1 person to 330 persons), no contact persons were
traced for 133 pandemic influenza cases (4.6%). For 2,388
follow-up events information was available on whether
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Figure 2 Activity of acute respiratory illness and school holiday density between week 18 and 45, Germany 2009. Weekly data of Practice index in Germany. Threshold >115. (dotted line) Arbeitsgemeinschaft Influenza, Robert Koch Institute. Light blue columns indicate the vacation density
for each week.
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Figure 3 Number of trace back events by number of contacts traced per case with pandemic influenza (H1N1) 2009 infection in Germany,
week 18 to 32 in 2009. The green line represents the number of notified pandemic influenza (H1N1) 2009 cases; the bars present the number of
contact persons followed-up per case of pandemic influenza A/c.

antiviral prophylaxis has been given to the contact persons. Between week 18 and 23 antiviral prophylaxis was
given to 71.0% to 100% of the contact persons dropping to
10.3% in week 32.
We defined an initiation and acceleration period of the
pandemic in Germany based on the results of the syndromic sentinel surveillance and routine surveillance:
Initiation period with cases diagnosed between week 18
and 41 and acceleration period with cases diagnosed in
weeks 42 to 45. From week 42 onwards the number of
notified cases started to rapidly increase for the second
time after the smaller peak in week 31. Furthermore, in
week 42 the Practice Index increased above the background winter activity of acute respiratory infection
(threshold: PI >115).
Comparison of periods

In table 1 the comparison of cases of the initiation period
versus cases of the acceleration period is shown: Out of
the 53,968 cases reported to the RKI as of 11 November
2009, 23,789 cases (44.1%) occurred during the initiation
period and 30,179 cases (55.9%) during the acceleration
period.
During the initiation period, 61.1% of cases were travelrelated, whereas during the acceleration period 94.3%
were autochthonous (table 1). The distribution over time
is shown in figure 1.

Figure 4 shows the age distribution of cases over the
weeks. In the initiation period the age group 15 to 24
years constituted 54% of all cases (n = 12,854) dropping to
24.7% (n = 7.441) in the acceleration period. The proportion of school-aged children in the age group 5 to 14 years
increased from 16% (n = 3,794) in the initiation period to
43.8% (n = 13,195) in the acceleration period. The median
age decreased significantly from 19 years in the initiation
period to 15 years in the acceleration period (p < 0.001;
table 1).
On average, 29% of the German population lived in
States with school holidays during the observation period
between weeks 18 and 45. Vacation density peaks in the
time period between weeks 29 and 34 reflecting the main
school holidays during summer months in Germany and
coinciding with the peak of reported cases during the initiation period. No marked difference in the mean weekly
vacation density between the two time periods was found
(initiation period: 29%; acceleration period: 30%). However, after week 37 the vacation density dropped to 0% for
two continuous weeks (39 and 40) just prior to the rise
above the threshold of the syndromic surveillance (figure
2).
The proportion of cases where the reported symptoms
were in accordance with the case definition for influenzalike illness (ILI) did not differ between the two periods
and was as low as 9.7% (Table 1).
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Table 1: Characteristics of cases of pandemic influenza reported in the initiation period (week 18 to week 41, 2009) and
acceleration period (week 42 to week 46, 2009)
Number of cases
with information

Initiation
period (%)a

Acceleration
period (%)a

Total

53,968

23,789 (44.1)

30,179 (55.9)

Age groups

53,930

23,783

30,147

Median [quartiles]

19

[16,26]#

15 [10,26]#

0-4 years

2,076

516 (2.2)

1,560 (5.2)

5-14 years

16,989

3,794 (16.0)

13,195 (43.8)

15-24 years

20,295

12,854 (54.0)

7,441 (24.7)

25-59 years

13,975

6,398 (26.9)

7,577 (25.1)

≥ 60 years

595

221 (0.9)

374 (1.2)

Origin of infection

53,757

23,714

30,043

37,573

9,235 (38.9)

28,338 (94.3)

Autochthonous cases

Risk factors

39,748

All cases

17,579

22,169

820 (4.7)*

1,539 (6.9)*

Autochthonous cases

27,486

411/6,868 (6.0)**

1,458/20,618 (7.1)**

Imported cases

12,140

405/10,644 (3.8)**

77/1,476 (5.2)**

1,080

372 (2.1)

708 (3.2)

Cardio-vascular disease

264

107 (0.6)

157 (0.7)

Diabetes

173

63 (0.4)

110 (0.5)

Obesity§

159

71 (0.4)

88 (0.4)

Immunosuppression

112

40 (0.2)

72 (0.3)

Risk factors
Chronic diseases
Respiratory disease

458

127 (0.7)

331 (1.5)

Pregnancy

Other chronic diseases

113

40 (0.2)

73 (0.3)

Age groups

39,748

17,533

22,043

0-4 years

1,474

17/367 (4.6)

53/1.107 (4.8)

5-14 years

12,351

101/2,831 (3.6)

571/9,520 (6.0)

15-24 years

15,107

314/9,510 (3.3)

291/5,597 (5.2)

25-59 years

10,368

350/4,711 (7.4)

560/5,657 (9.9)

≥ 60 years

429

38/157 (24.2)

63/272 (23.2)

Symptoms

53,968

ILI

23,789

30,179

2,318 (9.7)

2,924 (9.7)

3 days [2, 5]#

2 days [1,4]#

Diagnosis
Time interval between onset of symptoms and diagnosis

7.253
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Table 1: Characteristics of cases of pandemic influenza reported in the initiation period (week 18 to week 41, 2009) and
acceleration period (week 42 to week 46, 2009) (Continued)
Antiviral treatment initiated

35,160

All cases

15,941

19,219

4,671 (29.3)

4.491 (24.7)

Cases with underlying chronic disease

2,092

319/743 (42.9)

598/1,278 (46.8)

Cases without risk factors

33,139

4,352/15,198 (28.6)

3,893/17,941 (21.7)

6/34 (17.6)

13/54 (24.1)

2 days [1,3]#

1 day [1,2]#

Pregnancy

88

Time interval between symptom onset and start of therapy

Pneumonia
All cases with pneumonia

40,729

18,090

22,639

275

93 (0.5)

182 (0.8)

Antiviral treatment initiated

219

33/77 (42.9)

56/142 (39.4)

Cases with underlying chronic disease

76

19/764 (2.5)

57/1,410 (4.0)

Cases without risk factors

176

66/16,303 (0.4)

110/20,192 (0.5)

Pregnancy

99

1/37 (2.7)

1/62(1.6)

52,485

23,665

28,820

2,084

1,117 (4.7)*

967 (3.4)*

19 [16,26]#

15 [11,26]#

102/814 (12.5)

182/1,528 (11.9)

23 [16,41] #

17 [11, 39] #

618/16,711 (3.7)*

597/20.476 (2.9)*

19 [16,25]#

15 [10,25]#

Hospitalisation
All cases hospitalised
Age (years)
Cases with risk factors

2,342

Age (years)
Cases without risk factors
Age (years)

37,187

# Lower/upper quartile
§ Obesity

requiring treatment or body mass index > 30
percentages in brackets refer to the number of cases with available information regarding the variable. In each cell the number printed in
bold is used as denominators in a cell. If another denominator is used, it is given in the table.
* Comparison initiation versus acceleration period: p < 0.001
** Comparison initiation versus acceleration period: p < 0.01

a The

In table 1, information is given on risk factors of cases
(chronic diseases, obesity, pregnancy) during the two
periods. Overall the proportion of cases with reported
risk factors was significantly higher in the acceleration
period compared to the initiation period (6.9% vs. 4.7%; p
< 0.001). The proportion of reported cases with risk factors increased in the acceleration period for all age groups
except for cases older than 60 years. In both periods the
proportion of cases with risk factors was significantly
higher in patients who acquired the infection in Germany
(initiation period: 5.7% versus 3.6%; p < 0.004; acceleration period: 6.6% versus 4.8%: p < 0.0001).
The time interval between onset of symptoms and the
time of diagnosis decreased from the initiation to the
acceleration period from 3 days to 2 days and the time
between onset of symptoms and initiation of treatment
from 2 days to 1 day (table 1). The proportion of cases
with initiated antiviral treatment dropped from 29.3% in
the initiation period to 24.7% in the acceleration period,
while it increased for cases with and decreased for cases
without underlying conditions.

During the initiation period a higher proportion of
cases was hospitalised (4.7% versus 3.4%) and the median
age of hospitalised patients was 19 years compared to 15
years in the acceleration period.
The analysis of factors associated with hospitalisation
and development of pneumonia (table 2) showed that
pneumonia was highly associated with being hospitalised
(OR = 25.5 [95% CI: 20.0; 32.5]). Among risk factors for
hospitalisation, immunosuppression (OR = 10.8 [95% CI:
7.1; 16.3]) and pregnancy (OR = 8.6 [95% CI: 5.5; 13.5])
were also highly associated with hospitalisation. In the
univariate analysis highest risks of developing pneumonia
were seen in cases with immunosuppression (OR = 14.9
[95% CI: 6.9; 32.7]) and obesity (OR = 13.8 [95% CI: 6.9;
27.5]). Having any risk factor was associated with a 7.6higher risk of developing pneumonia [95% CI: 5.7; 9.8].
In the multivariate analyses controlling for the period
of the pandemic, patients with risk factors and children
aged 0 to 2 years were more likely to be hospitalised. Furthermore, these patient groups and additionally individu-
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Figure 4 Age distribution of cases with pandemic influenza (H1N1) 2009 infection in Germany from week 24 to week 45 in 2009; age distribution in weeks 24 to 41 (initiation period) and in weeks 42 to 45 (acceleration period).

als who had ILI or fever were more likely to develop
pneumonia.

Discussion
The analysis of the first 50,000 cases of pandemic influenza (H1N1) 2009 in Germany showed a first increase of
cases in early summer comparable to the epidemiological
situation in other European countries in week 31 and 32
[7,8], but the first wave with autochthonous cases
occurred later than e.g. in the United Kingdom, which
saw a considerable increase of cases already as early as
week 28 [9]. In Germany, despite a relevant number of
cases per week in summer, the peak levelled off and the
first wave only started in week 42. With descriptive analysis of surveillance data from mandatory notification and
syndromic surveillance of acute respiratory illness we
show that the epidemiologic characteristics differed
markedly between the summer months and the fall,
allowing definition of two distinct time periods.
One of the most obvious differences observed was the
proportion of imported cases in both periods. Over half
of the cases were imported in the initiation period, while
only 5% in the acceleration period were travel-related.
During the summer, compared to other European countries a much lower in-country transmission occurred in
Germany. ECDC reported in beginning of August that
only 29% of reported cases in Europe were travel-related
[10].
A very clear age shift between the two periods was
noticed. In the initiation period Germany had a very high
proportion of cases in the 15 to 24 years age group, in the

later period there was a strong shift to the younger 5 to 14
years age groups. A large proportion of cases in the summer peak were high school graduates and young adults,
who got infected while on summer travels. Behavioural
factors of the young adults during the holidays (such as
close contacts with peers, partying) might have had an
influence on the transmission within this age group [11].
It is known, that school children play an important role in
the transmission of influenza [12-14]. But during the
summer peak, pandemic influenza did hardly spread
within this group in Germany. This might be explained by
the timing of the summer school holidays which started
between weeks 27 and week 31 in the different Federal
States (Figure 2). Since mid October, after the autumn
holidays the school-aged children started to be more
affected.
Another factor that could have contributed to a
reduced transmission in the summer was the relatively
strict contact tracing efforts done by the local public
health authorities [15]. Contact tracing resulted mainly in
recommendations to cases and household contacts
including personal hygiene (e.g., hand washing, use of
face masks, and segregation within the household) and
prophylactic antiviral treatment. It has been described
that non-pharmaceutical interventions can reduce the
transmission of influenza within households if implemented within 36 hours of the index patient's symptom
onset [16]. Individual case management efforts dwindled
in most local public health authorities at the peak of the
initiation period (week 32), as the number of cases
became too high to be able to continue contact tracing.
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Table 2: Factors influencing hospitalisation of individuals affected by pandemic influenza (H1N1) 2009 and risk factors for
the development of pneumonia.
Independent variables

Individuals
hospitalised/
with pneumonia
(%)

Univariate
analysis OR
(95%CI)

p-value

Multivariate
analysis OR
(95%CI)

p- value

275

130 (47.3)

25.5 (20.0;32.5)

<0.001

18.2 (13.6;23.9)

<0.001

40,236

1,366 (3.4)

reference

<0.001

3.6 (3.1;4.3)

<0.001

<0.001

2.9 (2.2;3.8)

<0.001

<0.001

0.7 (0.6;0.8)

<0.001

= 0.069

1.1 (0.9;1.2)

= 0.224

<0.001

0.8 (0.7;0.9)

= 0.020

<0.001

8.1 (6.1;10.7)

<0.001

n

Hospitalisation
Pneumonia
No pneumonia reported

Risk factors present
No risk factor reported

Chronic disease
No chronic disease reported
Immunosuppression
No risk factor reported
Respiratory disease
No risk factor reported
Obesity*
No risk factor reported
Cardio-vascular disease
No risk factor reported
Diabetes
No risk factor reported
Other chronic disease
No risk factor reported
Pregnancy
No pregnancy reported

2,342

284 (12.1)

4.6 (3.6;4.7)

37,187

1,215 (3.3)

Reference

2,250

261 (11.6)

3.8 (3.3;4.4)

37,298

1,240 (3.3)

Reference

30 (26.8)

10.8 (7.1;16.3)

112
37,187

1,215 (3.3)

reference

1,072

87 (8.1)

2,6 (2,1; 3,3)

37,187

1,215 (3.3)

reference

19 (11.9)

4.0 (2,5; 6,5)

159
37,187
260
37,187
172
37,187
70
37,187

1,215 (3.3)

reference

34 (13.1)

4.5 (3.1; 6.4)

1,215 (3.3)

reference

19 (11.0)

3.7 (2.3; 5.9)

1,215 (3.3)

reference

70 (15.4)

5.4 (4.1; 7.0)

1,215 (3.3)

reference

106

25 (25.6)

9.9 (6.1;16.0)

16,957

527 (3.1)

reference

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

Age
0 - 2 years

920

107 (11.6)

3.3 (2.7;4.1)

All other age groups

51,563

1,977 (3.8)

reference

3 - 14 years

17,486

509 (2.9)

0,6 (0.5;0.7)

All other age groups

34,997

1,575 (4.5)

reference

Male

27,345

1,114 (4.1)

1.1 (0.9;1.2)

Female

24,628

927 (3.8)

reference

Acceleration period

28,820

967 (3.4)

0.7 (0.6; 0.8)

Initiation period

23,663

1,117 (4.7)

reference

Pneumonia
Risk factors
No risk factor reported
Chronic disease

2,162

76 (3.5)

7.4 (5.7;9.8)

36,305

177 (0.5)

reference

2,082

75 (3.6)

7.6 (5.8;9.9)

<0.001
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Table 2: Factors influencing hospitalisation of individuals affected by pandemic influenza (H1N1) 2009 and risk factors for
the development of pneumonia. (Continued)
No chronic disease reported
Immunosuppression
No risk factor reported
Respiratory disease
No risk factor reported
Obesity*
No risk factor reported
Cardio-vascular disease
No risk factor reported
Diabetes
No risk factor reported
Other chronic disease
No risk factor reported

36,402
103

179 (0.5)

reference

7 (6.8)

14.9 (6.9;32.7)

36,305

177 (0.5)

reference

994

34 (3.4)

7.2 (4.9;10.5)

36,305

177 (0.5)

reference

9 (6.3)

13.8 (6.9;27.5)

143
36,305
243
36,305
157

177 (0.5)

reference

5 (2.1)

4.3 (1.7;10.4)

177 (0.5)

reference

1 (0.6)

1.3 (0.2;9.4)

36,305

177 (0.5)

reference

425

18 (4.2)

9.1 (5.5;14.8)

36,305

177 (0.5)

reference

95

2 (2.1)

4.6 (1.1;19.0)

17,194

80 (0.5)

reference

712

15 (2.1)

3.3 (1.9;5.5)

All other age groups

40,019

261 (0.7)

reference

3 - 14 years

13,453

92(0.7)

1.1 (0.8;1.3)

All Other age groups

27,278

184 (0.7)

reference

Pregnancy
No pregnancy reported

<0.001

<0.001

<0.001

= 0.002

= 0.790

<0.001

= 0.074

Age
0 - 2 years

Male

21,158

146 (0.7)

1.1 (0.7;1.4)

Female

19,228

120 (0.6)

reference

Acceleration period

22,640

182 (0.8)

1.6 (1.2;2.0)

Initiation period

18,081

94 (0.5)

reference

ILI**

4,442

39 (0.9)

1.3 (1.0;1.8)

No ILI

36,289

237 (0.7)

reference

Fever (>38.5°C)

34,905

258 (0.7)

1.9 (1.2;3.1)

4,826

18 (0.4)

reference

No fever reported

<0.001

2,8 (1.5;5.2)

<0.001

= 0.413

1.1 (0.8;1.4)

= 0.545

= 0.001

1.3 (1.0;1.7)

= 0.038

= 0.090

1.4 (1.0;2.1)

= 0.032

= 0.007

2.0 (1.2;3.5)

= 0.013

= 0.914

* Obesity requiring treatment or body mass index > 30
** ILI: acute onset of symptoms and fever and cough and headache or musculoskeletal pain

More research is needed to assess to what extent public
health measures and school holidays had an impact on
the course of the pandemic in the initiation period.
The proportion of cases with risk factors increased significantly from initiation period to acceleration period.
As the recommendation changed in August 2009 to only
diagnose and treat persons with higher risks for developing severe disease, it was anticipated, that the reported
number of cases without underlying conditions would

drop. Furthermore, the fact that infection was associated
with travel in the beginning of the influenza pandemic
might have played a role ("healthy travellers"). It might be
assumed that people with health problems travel less, and
had therefore less chance of infection in the initiation
period. It is conceivable, that the change in the proportion of cases with underlying conditions was more related
to these factors than to a change of the pathogenicity of
the virus, which so far did not occur [17].
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The decrease in hospitalisation rates might be
explained by physicians' better knowledge of the disease.
In the beginning many affected individuals were hospitalised, either out of anxiety or for infection control reasons
[1]. Early admission to hospital at the beginning of the
pandemic due to uncertainty in relation to the clinical
presentation and likely progression of disease has been
described in other European Countries [7,18]. Furthermore, physicians were aware about the recommendations
regarding the patient management. An increased time
interval between onset of symptoms and diagnosis and/
or treatment possibly due to higher numbers of cases in
the acceleration period did not occur as there was no
overloading of the health system in Germany. On the
contrary, the opposite happened and - as recommended treatment was initiated on average earlier during the
acceleration period.
Other known factors might have also influenced the
course of the pandemic in Germany, e.g. seasonality. In
general, temperature and humidity can serve as proxy for
seasonality and possibly have direct and indirect effects
on the spread of disease. These parameters have been
suggested to have an impact on the barrier function of the
nasal mucosa, and on the other hand can influence
behaviour (i.e., longer stay in confined spaces) thus
increasing the risk of transmission [19,20]. As a proxy for
this complex interaction of environmental factors, in
week 42 a temperature drop was observed shortly before
the start of the acceleration period in Germany. However,
this observation requires a more detailed study in which
regional geographic meteorological conditions and longterm trends are compared to the respective epidemiological dynamics of the pandemic in Europe.
In order to assess if the change in the dynamic of spread
was also reflected by more severe disease, especially
among defined priority groups, factors associated with
hospitalisation and the development of pneumonia as
proxies for severity were analysed. Unsurprisingly, pneumonia was highly associated with being hospitalised. As
in other studies, immunosuppression and pregnancy
were also highly associated with hospitalisation [7,21].
The univariate analysis of risk factors for developing
pneumonia shows that all reported underlying conditions
(except diabetes) were positively associated. It could be
shown that obesity had a strong association, which has
already been described in other studies [22,23]. However,
the high association we found could also be seen as a
proxy for underlying pulmonary or cardio-vascular diseases. The risk to have pneumonia was 8 times higher in
people with risk factors compared to people without. The
analyses draw a special focus on young children up to two
years, who had nearly a three fold higher risk of being
hospitalised and developing pneumonia compared to the
other age groups. While the risk of hospitalisation was
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lower in the acceleration period; the risk of pneumonia
among cases without underlying risk factors did not differ by time period.
Certain limitations of the study have to be kept in mind.
The data collection with regard to additional information
such as the underlying chronic diseases and pregnancy
was performed by an additional free-text format. The format was limited in space, therefore only one risk factor
(underlying chronic disease or obesity or pregnancy)
could be reported and an analysis of the impact of multiple underlying health conditions was not possible. Bias
might have been introduced by missing data on clinical
parameters and therapy. Information on the risk factors
were only collected from June 2009 onwards (see annex).
Due to high case numbers in the acceleration period local
health authorities might not have been able to collect the
data due to limited human resources. Furthermore, clinical information and information on therapy were often
not available. In the acceleration period, again due to limited resources, efforts to collect epidemiological data
might have been biased toward more severe disease and
hospitalised persons.

Conclusions
The comparison of the epidemiological and clinical data
of the pandemic influenza (H1N1) 2009 cases indicated
that important differences could be observed between the
initiation period during the summer months and the
acceleration period with the beginning of the first wave.
Different factors might have played a role: School holidays reducing the number of social contacts between
school-aged children, the initial introduction of pandemic influenza in the group of adolescents and young
adults, and seasonality. But also the strict containment
strategy in the beginning of the pandemic could have
contributed to the fact, that Germany experienced its
first autochthonous wave much later than other European countries. More severe cases were seen in young
children, in patients with initial influenza-like illness and
individuals with underlying conditions. However, the
spread of the disease did not result in a change of severity
in Germany over time.
Our results show that the analyses of case-based data
can help to anticipate changes of the epidemic and inform
about mainly affected groups and therefore advice future
public health measures.
Appendix
Public health strategies, enhanced surveillance and legal
basis

According to the Infectious Disease Act (Infektionsschutzgesetz, IfSG) laboratories have to notify to the local
health authorities the detection of influenza virus, this
obligation includes new subtypes of influenza virus. On
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30 April 2009, a legal act came into force, obliging physicians to report suspected cases, clinically diagnosed
cases, confirmed cases, and deaths of pandemic influenza
(H1N1) 2009.
Enhanced surveillance of pandemic influenza was
implemented based on a surveillance case definition for
pandemic influenza A/H1N1 differentiating between suspected, probable, and confirmed cases. With the evolution of the pandemic and the adaptation of the strategy
from containment to protection and finally mitigation,
the case definition was adopted three times (May 2009,
August 2009, and October 2009).
Starting from 30 April 2009 (week 18) besides information gathered routinely for each notified case according
to the IfSG, the following additional information was collected using a standardised free-text format: classification
of cases (possible, probable, confirmed, discarded case),
in-country transmission, number of contacts followedup, antiviral prophylaxis of contacts. From 21 July 2009
onwards (week 29), the variables of the free-text were
changed in order to collect more detailed data on the
treatment of cases (start of therapy, antiviral drug used),
risk factors (chronic diseases, pregnancy, obesity (body
mass index > 30), presence of pneumonia, hospitalisation
and source of infection. Starting on 20 October 2009
(week 43), information on vaccination against pandemic
influenza was included.
After the detection of the first case, a public health
response strategy of containment was established. Diagnosed cases were isolated (mainly home isolation). Close
contacts of laboratory diagnosed cases of pandemic influenza (H1N1) 2009 (e.g., household members, medical
care) were quarantined for 7 days and were asked to
check the temperature twice daily and to report to the
local health authority. Other contact persons were
advised to check the temperature daily for 7 days, to avoid
contact to vulnerable persons and to contact the local
health authorities immediately at onset of symptoms. On
18 August 2009 (week 33) the public health response
strategy changed, aiming now to protect vulnerable
groups until the availability of a vaccine against pandemic
influenza. Close contacts of cases working with vulnerable groups were requested to avoid contact with these
groups; however, home quarantine was not requested any
more. For other contacts only general information on
pandemic influenza, health monitoring, and hygiene were
given.
With the availability of the pandemic vaccine in October 2009 and the recommendations of the Standing Committee on Vaccination giving priority for the vaccination
of medical staff and persons with risk factors, the protection of vulnerable groups by using contact management
ceased to be a task of the local health authorities. At the
same time vaccine prevention and early diagnosis and
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treatment of severe cases became the focus of the strategy
to mitigate the consequences of the pandemic. On 2
November 2009 the notification act was changed, physicians have been only obliged to report deaths of persons
if an infection with pandemic influenza (H1N1) 2009 was
diagnosed in temporal connection with the death. End of
October 2009 the vaccination against pandemic influenza
started in all federal states.
Competing interests
The authors declare that they have no competing interests.
Authors' contributions
GP drafted the manuscript in consultation with AG, SB, TE, GK, and WH; GP conducted the analyses in consultation with AG, SB and WH; CH and DA were
responsible for the data management; all authors read and approved the final
manuscript. All members of the RKI-WGPI were involved in the response of the
RKI to the pandemic in crisis management, and collection of the surveillance
data.
Acknowledgements
We wish to thank all colleagues from the local and state health authorities who
have worked hard to collect the surveillance data despite the high work load
connected to the management of cases and contacts. We also want to thank
all the physicians who notified their cases to the health authorities. We want to
thank especially Inge Mücke for her help in editing this article.
Members of the RKI Working Group Pandemic Influenza (H1N1) 2009: Alpers,
Katharina; An der Heiden, Matthias; Bartels, Cornelius; Bätzing-Feigenbaum,
Jörg; Becker, Anne; Behnke, Susanne; Bergholz, Andreas; Bernard, Helen;
Bielecke, Jessica; Biere, Barbara; Böhmer, Merle; Brodhun, Bonita; Buchholz,
Udo; Cai, Wei; Dehnert, Manuel; Déleré, Yvonne; Dettmann, Marleen; Eckelmann, Fabian; Faber, Mirko; Faensen, Daniel; Fahle, Caroline; Feig, Marcel; Frank,
Christina; Gencaslan, Özlem; Ghassim, Parvin; Gohlke-Micknis, Silvia; Gunsenheimer-Bartmeyer, Barbara; Haar, Karin; Hamouda, Osamah; Hellenbrand,
Wiebke; Hermes, Julia; Herzhoff, Michael; Houareau, Claudia; Jansen, Andreas;
Kaiser, Uwe; Kalbhenn, Andrea; Kamga-Wambo, Oscar; Kappelmayer, Lutz;
Kermer, Antje; Keuchel, Ramona; Kirchner, Göran; Kleinkauf, Niels; Koch, Judith;
Kollan, Christian; Köpke, Karla; Kühne, Andrea; Laude, Gabi; Leuber, Michael;
Lindemann, Christina; Liss, Ilka; Lohmann, Katrin; Maidhof, Heinrich; Männel,
Andrea; Marcus, Uli; Matysiak-Klose, Dorle; Meyer, Birgit; Mohr, Oliver; Mücke,
Inge; Neugebauer, Denise; Nielsen, Stine; Noll, Ines; Offergeld, Ruth; Pape, Eberhard; Poorbiazar, Mona; Radun, Doris; Reinhardt, Bernd; Reiter, Sabine; Reuß,
Annicka; Riedmann, Klaus; Ritter, Sabine; Riva, Alessandra; Rosner, Bettina; Sagebiel, Daniel; Sailer, Andrea; Sasse, Julia; Schenkel, Karl; Schirmack, Jaska;
Schöneberg, Irene; Soyka, Jana, Schuppelius, Daniel; Schwarz, Franziska; Schweickert, Brigitta; Schweiger, Brunhilde; Siedler, Anette; Spackova, Michaela;
Spielmann, Nadine; Stark, Klaus; Stegemann, Verena; Stöcker, Petra; Strobel,
Hartmut; Süß, Thorsten; Trull, Heidi; Velasco, Edward; Voß, Lieselotte; Wadl,
Maria; Walter, Dietmar; Weiß, Bettina; Werber, Dirk; Wessels, Guido; Wetzel,
Sarah; Wichmann, Ole; Wiese-Posselt, Miriam; Zbinovcova-Dennis, Martina;
Zimmermann, Ruth.
Author Details
Department for Infectious Disease Epidemiology, Robert Koch Institute, DGZRing 1, 13086 Berlin, Germany
Received: 19 January 2010 Accepted: 7 June 2010
Published: 7 June 2010
©
This
BMC
2010
is
article
Infectious
an
Poggensee
Open
is available
Diseases
Access
et al;
from:
article
2010,
licensee
http://www.biomedcentral.com/1471-2334/10/155
10:155
distributed
BioMed under
Centralthe
Ltd.
terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

References
1. Novel Influenza A/H1N1 Investigation Team: Description of the early
stage of pandemic (H1N1) 2009 in Germany, 27 April-16 June 2009.
Euro Surveill 2009, 14(31):. pii = 19295
2. World Health Organization: New influenza A (H1N1) virus: global
epidemiological situation, June 2009. Wkly Epidemiol Rec 2009,
84:249-257.

Poggensee et al. BMC Infectious Diseases 2010, 10:155
http://www.biomedcentral.com/1471-2334/10/155

3.
4.

5.

6.

7.

8.

9.

10.

11.

12.

13.
14.

15.

16.

17.

18.

19.

20.
21.

22.
23.

Gilsdorf A, Poggensee G: Influenza A(H1N1)v in Germany: the first 10,
000 cases. Euro Surveill 2009, 14(34):. pii = 19318
Health Protection Agency, Health Protection Agency Scotland, National
Public Health Service for Wales, HPA Northern Ireland Swine influenza
investigation teams: Epidemiology of new influenza A (H1N1) virus
infection, United Kingdom, April - June 2009. Euro Surveill 2009, 14(22):.
pii = 19232
Faensen D, Claus H, Benzler J, Ammon A, Pfoch T, Breuer T, Krause G:
SurvNet@RKI - a multistate electronic reporting system for
communicable diseases. Euro Surveill 2006, 11(4):. pii = 614
Schulze M, Nitsche A, Schweiger B, Biere B: Diagnostic approach for the
differentiation of the pandemic influenza A(H1N1)v virus from recent
human influenza viruses by real-time PCR. PLoS One 2010, 5(4):e9966.
Cullen G, Martin J, O'Donnell J, Boland M, Canny M, Keane E, McNamara A,
O'Hora A, Fitzgerald M, Jackson S, Igoe D, O'Flanagan D: Surveillance of
the first 205 confirmed hospitalised cases of pandemic H1N1 influenza
in Ireland, 28 April - 3 October 2009. Euro Surveill 2009, 14(44):. pii =
19389
Turbelin C, Pelat C, Boelle PY, Lévy-Bruhl D, Carrat F, Blachon T, Hanslik T:
Early estimates of 2009 pandemic influenza A(H1N1) virus activity in
general practice in France: Incidence of influenza-like illness and age
distribution of reported cases. Euro Surveill 2009, 14(39):. pii = 19342
Health Protection Agency: HPA weekly national influenza report. 16 July
2009 (week 29). [http://www.hpa.org.uk/web/HPAwebFile/HPAweb_C/
1247728935374].
European Centre for Disease Prevention and Control: Pandemic (H1N1)
2009: Analysis of individual case reports in EU and EEA countries.
[http://ecdc.europa.eu/en/publications/publications/
0906_sur_analysis_of_influenza_ah1n1v_individual_datain_eu_and_eea
_efta_countries.pdf].
Hermes J: Risk factors for infection with novel influenza virus A(H1N1)
in a teenage party cohort, Germany, June 2009. Abstract book of the
European Scientific Conference on Applied Infectious Diseases Epidemiology,
26 - 28. October Stockholm 2009 [http://www.escaide.eu/].
Reichert TA, Sugaya N, Fedson DS, Glezen P, Simonsen L, Tashiro M: The
Japanese experience with vaccinating schoolchildren against
influenza. N Engl J Med 2001, 344(12):889-896.
Buda S, Haas W, Buchholz U: Epidemiologie der Influenza bei Kindern in
Deutschland. Pädiatrische Praxis 2008, 72:105-113.
Smith A, Coles S, Johnson S, Saldana L, Ihekweazu C, O'Moore E: An
outbreak of influenza A (H1N1)v in a boarding school in South East
England, May-June 2009. Euro Surveill 2009, 14(27):. pii = 19263
Faber M, Christiansen H, Kohlstock C, Oppermann H, Irmscher HM, Willer
H, Schweiger B, Dupke S, Klee S, Grunow R, Haas W, Buchholz U, Süss T,
Krause G, Jansen A: Investigation of a family cluster of influenza A/H1N1
infections in Germany. Gesundheitswesen 2009, 71(10):675-9.
Cowling BJ, Chan KH, Fang VJ, Cheng CK, Fung RO, Wai W, Sin J, Seto WH,
Yung R, Chu DW, Chiu BC, Lee PW, Chiu MC, Lee HC, Uyeki TM, Houck PM,
Peiris JS, Leung GM: Facemasks and hand hygiene to prevent influenza
transmission in households: a cluster randomized trial. Ann Intern Med
2009, 151:437-46.
Fereidouni SR, Beer M, Vahlenkamp T, Starick E: Differentiation of two
distinct clusters among currently circulating influenza A(H1N1)v
viruses, March-September 2009. Euro Surveill 2009, 14(46):. pii = 19409
ECDC: ECDC risk assessment. Pandemic H1N1 2009. Version 7 2009
[http://www.ecdc.europa.eu/en/healthtopics/Documents/
0908_Influenza_AH1N1_Risk_Assessment.pdf].
Lowen AC, Mubareka S, Steel J, Palese P: Influenza virus transmission is
dependent on relative humidity and temperature. PLoS Pathog 2007,
3(10):e151.
Du Prel : Are meteorological parameters associated with acute
respiratory tract infections? Clin Infect Dis 2009, 49(6):861-8.
Jamieson DJ, Honein MA, Rasmussen SA, Williams JL, Swerdlow DL,
Biggerstaff MS, Lindstrom S, Louie JK, Christ CM, Bohm SR, Fonseca VP,
Ritger KA, Kuhles DJ, Eggers P, Bruce H, Davidson HA, Lutterloh E, Harris
ML, Burke C, Cocoros N, Finelli L, MacFarlane KF, Shu B, Olsen SJ, Novel
Influenza A (H1N1) Pregnancy Working Group: H1N1 2009 influenza
virus infection during pregnancy in the USA. The Lancet 2009,
374:451-458.
Mancuso P: Obesity and lung inflammation. J Appl Physiol 2009 in press.
Baik I, Curhan GC, Rimm EB, Bendich A, Willett WC, Fawzi WW: A
prospective study of age and lifestyle factors in relation to community-

Page 12 of 12

acquired pneumonia in US men and women. Arch Intern Med 2000,
160(20):3082-8.
Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1471-2334/10/155/prepub
doi: 10.1186/1471-2334-10-155
Cite this article as: Poggensee et al., The first wave of pandemic influenza
(H1N1) 2009 in Germany: From initiation to acceleration BMC Infectious Diseases 2010, 10:155

