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Abstract

Background In Germany, the outbreak of the novel pan-

demic 2009 influenza A(H1N1) virus A(H1N1)pdm09

caused a wave of high activity between November 2009

and January 2011. The aim of this study was to investigate

the prevalence of 19 respiratory pathogens in children

hospitalized for lower respiratory tract infections during

the winter influenza seasons of 2009/2010 and 2010/2011

and to observe a possible impact of influenza

A(H1N1)pdm09 on the epidemiology of other epidemic

viruses.

Materials and methods Specimens were nasopharyngeal

aspirates which had been collected from children admitted

to the participating hospitals in the area of Mainz, Wie-

sbaden, and Kiel, Germany, with acute community-

acquired lower respiratory tract infections. The specimens

were subjected to a previously described multiplex reverse

transcription PCR assay to detect the following microor-

ganisms: enterovirus, influenza virus types A and B,

respiratory syncytial virus (RSV), parainfluenzavirus types

1–4, adenovirus, Mycoplasma pneumoniae, Chlamydophila

pneumoniae, rhinovirus, human metapneumovirus

(hMPV), coronavirus OC43 and 229E, influenza

A(H1N1)pdm09, Bordetella pertussis, Bordetella par-

apertussis, and Legionella pneumophila.

Results A total of 3,998 clinical specimens were col-

lected from July 2009 to March 2011, of which 296 were

positive for A(H1N1)pdm09. An epidemic of seasonal

influenza A or B was not observed in the 2009/2010 sea-

son, but a minor epidemic of seasonal influenza B was

observed in January/February 2011. Influenza

A(H1N1)pdm09 coincided with the absence of the seasonal

influenza A of former years. The RSV and hMPV epi-

demics of 2009/2010 erupted several weeks later than

expected based on data collected in the PID-ARI-Network

during the past 10 years, whereas in the 2010/2011 influ-

enza season they occurred as expected.

Conclusions The emergence of the novel influenza

A(H1N1)pdm09 virus may have been influenced the epi-

demiology of other epidemic viruses, such as the RSV and

hMPV. No epidemic of seasonal influenza was observed in

the 2009/2010 influenza season.

Keywords Multiplex reverse transcription-PCR �
ELISA � Respiratory tract infection � Novel influenza

A(H1N1)2009 virus � Epidemiology

Introduction

Respiratory infections occur at a higher frequency in early

life than in adulthood [1], with children experiencing

approximately five to six infections per year [2, 3]. Influ-

enza activity in Germany has a strong and clear
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seasonality, with peak epidemic periods occurring during

the winter [4].The pandemic novel swine-origin influenza

type A virus A(H1N1)pdm09 has disseminated globally

after initially being identified in Mexico and the USA in

April 2009. This virus appeared in Germany at the end of

April 2009 and continued to spread throughout the sum-

mer, with a first wave of influenza emerging around July

and August 2009, although at low activity. These cases

were predominantly infections introduced by travelers

returning from countries with a notable prevalence of

influenza A(H1N1)pdm09 infections. A few weeks later an

increase in the number of indigenous cases was also

observed in Germany [5]. At the end of 2009, around week

40, a second increase in epidemic influenza

A(H1N1)pdm09 virus activity was noted which reached its

peak in week 47, as described previously [6]. This activity

of the influenza A(H1N1)pdm09 virus occurred more than

3 months earlier than that normally observed for the sea-

sonal influenza epidemics during past years that typically

start around December/January. Altogether, from April

2009 to April 2010, 226,140 confirmed influenza

A(H1N1)pdm09 cases were reported to the Robert-Koch-

Institute, of which 253 were fatal. Peak activity occurred in

November 2009 [6, 7], and by December 2009 the number

of new infections had distinctly decreased, possibly due to

the vaccination of risk groups with the pandemic vaccine.

A second, possibly contributing factor to this decrease in

infections may have been the growing awareness of the

general population and, accordingly, a more pronounced

adherence to personal hygiene, leading to containment of

future infections [6].

Despite several reports on the influenza A(H1N1)pdm09

worldwide pandemic, the question of a possible epidemi-

ological shift in the occurrence of competing pathogens has

not been addressed. This question can be examined by

applying a feasible, sensitive, and specific method for the

detection of a broad spectrum of organisms suitable for

diagnosing individual cases and epidemiological studies.

In comparison to other influenza infections, the severity

and virulence of infections caused by the influenza

A(H1N1)pdm09 virus were less prominent, and the

majority of cases, including severe cases, were reported in

individuals in the age range of 5–24 years [6].

The purpose of this study was to investigate the preva-

lence and epidemiology of 19 respiratory viruses in infants

and children hospitalized for lower respiratory tract infec-

tions and to recognize the impact influenza

A(H1N1)pdm09 epidemic on the occurrence of other viral

pathogens during the winter seasons 2009/2010 and

2010/2011. These were the first seasons with an influenza

A(H1N1)pdm09 epidemic since its initial appearance in

April 2009 in Germany.

Methods

The multiplex reverse transcription PCR established in our

laboratory combined with a microwell hybridization assay

(m-RT–PCR–ELISA) is capable of detecting 19 different

microorganisms in a single test [8]. This method enables

the majority of non-colonizing organisms of the upper

respiratory tract to be detected in only one m-RT–PCR

procedure. For 14 years, within the research network

Pediatric Infectious Diseases Network on Acute Respira-

tory Tract Infections (PID-ARI.net), our group has been

following continuously the epidemiology of non-coloniz-

ing bacteria and viruses that cause acute respiratory tract

infections in children. This long-term study has enabled us

to predict the beginning and activity of respiratory tract

epidemics commonly appearing in Germany [9–11].

In order to account to meet the demand for influenza

virus analysis during the 2009 epidemic of influenza type

A(H1N1)pdm09 virus, we replaced reovirus (Reo) with

H1N1 in the assay. Thus, the spectrum of detected

microorganisms in this method included: enterovirus (EV),

influenza virus type A (IVA) and type B (IVB), respiratory

syncytial virus (RSV), parainfluenzavirus types1 (PIV1), 2

(PIV2), 3 (PIV3), and 4 (PIV4), adenovirus (AV), Myco-

plasma pneumoniae (Mpn), Chlamydophila pneumoniae

(Cpn), rhinovirus (RV), human metapneumovirus (MPV),

coronavirus OC43 and 229E (CV), new influenza

A(H1N1)pdm09, Bordetella pertussis (Bp) and Bordetella

parapertussis (Bpp) and Legionella pneumophila (Lpn).

These pathogens do not usually colonize the respiratory

tract of humans, but, if present, they are often involved in

respiratory disease. Not included was human Bocavirus, a

pathogen that has been associated with acute respiratory

disease [12].

The specimens for analysis were nasopharyngeal aspi-

rates in NaCl (0.9 %) collected from children admitted to

the Department of Pediatrics at the University in Mainz,

Wiesbaden and Kiel, Germany, with acute community-

acquired lower respiratory tract infections. The specimens

were collected following hospitalization, brought directly

to the laboratory, and processed immediately (during

working hours) or stored at 4 �C (after working hours) until

they were processed the next working day. Specimens were

split under a laminar airflow. One aliquot of each sample

was treated for nucleic acid extraction, and the second was

stored at -80 �C. A 200-ll sample of respiratory speci-

mens was subjected to nucleic acid extraction with the

High Pure Viral Nucleic Acid kit (Roche Diagnostics,

Mannheim, Germany) and eluted into 50 ll of the supplied

elution buffer. The eluted DNA was then analyzed using

our m-RT–PCR–ELISA system, as described previously

[8, 13, 14].
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Results

A total of 3,998 clinical specimens were collected from

July 2009 to March 2011, of which 296 tested positive for

influenza A(H1N1)pdm09 virus. Consequently, influenza

A(H1N1)pdm09 virus was the third most detected patho-

gen between July 2009 and March 2011 (Table 1).

In parallel with the reports of the Robert-Koch-Institute,

the influenza A(H1N1)pdm09 epidemic peaked between

weeks 43/2009 and 1/2010, with high activity found in

week 46/2009. This period of peak activity was preceded

by a minor epidemic between weeks 33/2009 and 39/2009

(Fig. 1). During the season of 2010/2011 the influenza

A(H1N1)pdm09 epidemic occurred mainly between weeks

2/2011 and 7/2011.

Prediction versus outcome

Based on reports collected by the PID-ARI.net covering

the last 9 years it has been possible to estimate the

beginning and activity of respiratory tract epidemics for

selected pathogens in Germany [8]. This information has

enabled us to predict that the RSV season typically starts

in consecutive years (like 2004/2005) quite early and with

high activity, whereas the hMPV shows a pronounced and

early epidemic in odd years. The yearly seasonal influ-

enza epidemic typically appears around the turn of the

year.

RSV

According to this prediction we expected a late start of the

RSV epidemic for the season 2009/2010. As expected, the

first RSV-positive samples were detected at the end of

December 2009. This slightly later detection of RSV may

have been due to an impact of the influenza

A(H1N1)pdm09 virus, but the displacement was not dis-

tinct (Figs. 1, 2). For the following influenza season of

2010/2011 we expected an early RSV epidemic. This was

indeed the case, with an RSV epidemic starting in week

40/2010 and enhancing in activity over the following

Table 1 Number of pathogens in respiratory samples

Pathogena Number of

detections

Positive/total

specimens (%)

Positive/positive

specimens (%)

RV 1,228 30.72 47.52

RSV 533 13.33 20.63

H1N1 296 7.40 11.46

AV 223 5.58 8.63

EV 223 5.58 8.63

MPV 167 4.18 6.46

CV 137 3.43 5.30

P1V3 86 2.15 3.33

IVB 48 1.20 1.86

P1V1 47 1.18 1.82

MPn 40 1.00 1.55

P1V4 36 0.90 1.39

P1V2 32 0.80 1.24

Bp 13 0.33 0.50

Bpp 9 0.23 0.35

Cpn 3 0.08 0.12

IVA 2 0.05 0.08

Lpn 0 0.00 0.00

Total number of

specimens

3,998

Total number of

positive

specimens

2,584

Detections from July 2009 to March 2011, n = 3,998 samples
a See ‘‘Methods’’ for the definitions of the abbreviations for the

pathogens
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week 46 is given in red. See

‘‘Methods’’ for the definitions of
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weeks and months with a strong peak in week 1/2011

(Fig. 2).

hMPV

In the season 2009/2010, the hMPV epidemic was expected

to start early (September/October 2009) and to be vigorous.

However, it started with a delay of several weeks, although

the intensity did correspond to our expectations (Figs. 1, 3).

A possible explanation for the delay might be that the

hMPV and influenza A(H1N1)pdm09 virus were competing

for the human host and that the influenza A(H1N1)pdm09

virus was disseminating faster in the population, thereby

causing a greater number of infections and thus suppressing

the hMPV epidemic for several weeks. In addition, a more

pronounced compliance by the general population with

personal hygiene measures may have played a role in the

containment of hMPV but not in the containment of the

more rapidly propagating influenza A(H1N1)pdm09 virus.

However, the fact that the endemic rhinoviruses were not

suppressed by the influenza A(H1N1)pdm09 virus favors

the hypothesis of the hMPV and influenza A(H1N1)pdm09

virus having a more specific impact.

Influenza A and B

An epidemic of yearly seasonal influenza (A or B) was

expected to start in January 2010, similar to almost every

other year. However, only sporadic cases were observed,

and no epidemic occurred in the season 2009/2010 (Fig. 3).

This is in agreement with the data of the influenza sentinel

system at the Robert-Koch-Institute, Germany [7]. To

which extent a complete suppression by influenza

A(H1N1)pdm09 virus had taken place or whether a cross-

immunity had built up in the general population which

might have been effective against seasonal influenza can

only be determined by complex and extensive serological

tests which are not feasible. In parallel, the same phe-

nomenon was observed during the season of 2010/2011,

when no seasonal influenza A was detected. An influenza B

epidemic was detected from January 2011 to March 2011

(Fig. 3).
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Double or multiple infections

More double or multiple infections were observed with the

influenza A(H1N1)pdm09 virus (7.6 %) during the

2009/2010 season than in former years with other viruses

(since 2003; mean 5.2 %). Remarkably, individuals infec-

ted with the influenza A(H1N1)pdm09 virus appeared to be

more prone to double or multiple infections (13.7 %) than

those with the seasonal influenza A or B in epidemics in

former years (since 2003; mean 8.5 %). In particular, we

detected co-infections with the influenza A(H1N1)pdm09

virus and enteroviruses or rhinoviruses. This might be due

to the fact that the influenza A(H1N1)pdm09 epidemic

occurred during the autumn, when the incidence of picor-

naviruses is at its highest.

Discussion

Since its emergence in April 2009, the pandemic

A(H1N1)pdm09 virus has disseminated all over the world.

On 11 June 2009, the World Health Organization (WHO)

raised the pandemic alert level to 6, signifying the first

pandemic since 1968 [15]. During the winter season

2009/2010 the new A(H1N1)2009 virus may have altered

the epidemiology of other epidemic pathogens. Such

interferences are currently the subject of epidemiological

research as reliable data and explanations of this phe-

nomenon are currently unavailable.

No epidemic of seasonal influenza was observed in the

2009/2010 winter season, leading to the conclusion that the

seasonal influenza was displaced completely by influenza

A(H1N1)pdm09. In addition, peak RSV and hMPV activity

occurred later in the 2009/2010 winter season, when

compared to their seasonal distributions over the past

decade, suggesting that the 2009 H1N1 virus may have

influenced the epidemiology of these important respiratory

viruses. Available data on the innate immune system

response to hMPV infections suggest that differences may

exist between hMPV and RSV and that hMPV may induce

a distinct host response, possibly characterized by potent

innate responses to infection [16].

In response to viral infections, plasmacytoid dendritic

cells secrete interferon alpha which renders cells refractory

to viral infection. Thus, a refractory period develops during

influenza infection which protects the cells of the respira-

tory tract from becoming infected by other respiratory

viruses [17]. Respiratory viruses do not bind to the same

receptors in the cells of the respiratory system, i.e., human

rhinoviruses bind the human intercellular adhesion mole-

cule-I (ICAM-I), whereas influenza viruses bind sialic acid

alpha 2–6 [18, 19]. The duration of the refractory period

has still to be determined but may persist during virus

shedding, i.e., for some weeks [20]. These observations are

important because viral interference has an impact on the

prediction models for influenza virus dissemination. Such

models are an outstanding feature of the rational adoption

of resolutions in disease control.

According to the WHO the pandemic influenza

A(H1N1)pdm09 virus is expected to take on the behavior

of a seasonal influenza virus and continue to circulate [21].

This was the case, based on our observations, during the

2010/2011 season where seasonal influenza A was com-

pletely replaced by influenza A(H1N1)pdm09. This finding

corresponds to reports from other European countries [22].

In general, pandemic H1N1 incidence should decrease

in the longer term because of herd immunity from recent

pandemic H1N1 infections, vaccination, and pre-existing

cross-protective antibodies in older individuals [23]. In the

short term, however, the real situation is different. In the

UK, for example, influenza A(H1N1)pdm09 caused more

hospital admissions, more critical care admissions, and

more deaths in its second year of circulation than in the

pandemic year itself due to a variety of reasons, such as a

low level of public interest and a lower usage of antiviral

drugs [24]. In Spain, significant epidemiological changes

and an increased severity of influenza A(H1N1)pdm09

pneumonia were found in the first post-pandemic influenza

season [25]. Although the situation in Spain appears to be

an exception in comparison to other countries, it helps

researchers understand the level of influence the response

of local governments has on the spread of a viral infection.

Modeling and predicting the spread of pathogens are

important factors when rational decisions are to be made on

how to handle epidemics and pandemics. Apart from

immunity in the population, factors such as climate, social

behavior and possibly co-infections, affect the spread of

influenza viruses [26]. Further investigations aimed at elu-

cidating other aspects of such multiple virus interactions,

such as the impact of influenza A(H1N1)pdm09 infection on

children aged\2 years of age, when there is a high risk of

infection by RSV, are ongoing. Finally, pandemic influenza

virus may limit the spread of seasonal influenza viruses, as

has been reported in the southern hemisphere.

Acknowledgments We appreciate the excellent technical assistance

of E. Budo-Guetaifi.

Conflict of interest There is no actual or potential conflict of

interest in relation to this article.

References

1. Monto AS, Ullman BM. Acute respiratory illness in an American

community. The Tecumseh Study. JAMA. 1974;227:164–9.

Influenza A/H1N1 and respiratory pathogens 307

123



2. Chonmaitree TK, Revai K, Grady JJ, Clos A, Patel JA, Nair S,

Fan J, Henrickson KJ. Viral upper respiratory tract infection and

otitis media complication in young children. Clin Infect Dis.

2008;46:815–23.
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8. Puppe W, Weigl J, Gröndahl B, Knuf M, Rockahr S, von Bis-

marck P, Aron G, Niesters HG, Osterhaus AD, Schmitt HJ.

Validation of a multiplex reverse transcriptase PCR ELISA for

the detection of 19 respiratory tract pathogens. Infection. 2012;.

doi:10.1007/s15010-012-0298-6.

9. Weigl JA, Puppe W, Meyer CU, Berner R, Forster J, Schmitt HJ,

Zepp F. Ten years’ experience with year-round active surveil-

lance of up to 19 respiratory pathogens in children. Eur J Pediatr.

2007;166:957–66.

10. Weigl JA, Puppe W, Meyer CU, Berner R, Forster J, Schmitt HJ,

Zepp F. PID-ARI.net—a pediatric infectious diseases network on

acute respiratory infections and the added value of a multilevel

research network. Klin Padiatr. 2008;220:281–6.

11. Weigl JA, Puppe W, Belke O, Neusüss J, Bagci F, Schmitt HJ.

The descriptive epidemiology of severe lower respiratory tract

infections in children in Kiel, Germany. Klin Padiatr. 2005;217:

259–67.

12. Schildgen O, Müller A, Allander T, et al. Human bocavirus:

passenger or pathogen in acute respiratory tract infections? Clin

Microbiol Rev. 2008;21:291–304.
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