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Abstract

Background: So far, most pandemic influenza reports were based on case studies 

focusing on severe disease. For public health policy, it is essential to consider the 

overall impact of the pandemic, including mild diseases. The aim of our study is to 

gain insight into the epidemiology of 2009 pandemic influenza in the community 

and to estimate the relative impact of pandemic compared to seasonal influenza.

Methods: The relative impact of pandemic influenza in the general population was 

assessed as the influenza-like illness (ILI) incidence during the pandemic season 

compared with that during regular seasons. Influenza-like illness incidences and 

virus diagnostics were derived from continuous sentinel surveillance systems. 

The incidence of hospital admissions, based on the mandatory notification of 

pandemic influenza, was used to relate the impact of severe disease to that in the 

community.

Results: The overall incidence of general practitioners-attended ILI was 96 

consultations per 10,000 persons. Highest incidences were reported in children and 

lowest in persons aged >65 years. For 5– 14 year olds, the incidence during the 

pandemic was higher than during all preceding seasons. Samples originating from 

5 to 19 year olds were statistically significant more often positive for pandemic 

influenza A(H1N1)2009 virus as compared with samples from 0 to 4 year olds. 

Moreover, the incidence of hospital admission owing to pandemic influenza was 

highest in the youngest children. 

Discussion: Our study showed that while the absolute incidences of 2009 

pandemic influenza were highest in children aged 0–4 years, the relative clinical 

impact in the community compared to seasonal influenza in previous years was 

most noticeable in healthy children 5–14 years of age.
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Introduction 

In 2009, an emerging influenza A(H1N1) virus, initially identified in April 2009, 

caused the first official pandemic since 1968 [1]. Early case reports suggested 

serious morbidity and significant mortality [2–4]. Because of the rapid spread, 

it became urgent to gain insight into the impact of this new virus on human 

populations. In the Netherlands as elsewhere, first rapid assessments of this 

impact have been based on notified patients [5–7]. Initially, most (mandatory) 

notification systems addressed all possible, probable, and confirmed cases of 

pandemic influenza A(H1N1), but as the epidemic was extending globally WHO 

and ECDC recommended to focus in particular on severe acute respiratory illness 

caused by this new influenza virus [8,9]. Concurrently, it became clear that the 

clinical spectrum included asymptomatic infection, self-limiting illness, severe 

illness requiring mechanical ventilation, and death [10–16]. 

 Initial case studies, mainly based on severe influenza cases, provided vital 

information to guide management and control [17,18]. However, selection bias 

limits the generalisability of such studies [19]. Therefore, a more comprehensive 

analysis is needed to assess not only the absolute disease burden of severe cases 

but to relate this to the burden in the community and to estimate the relative 

clinical impact of pandemic influenza in the general population (community-

dwellers) compared to regular influenza in previous years. Continuous longitudinal 

surveillance systems enabled the assessment of this impact over time by providing 

a stable basis of observations. The Dutch sentinel influenza surveillance systems 

continued during the pandemic, thereby providing vital information about influenza-

like illness (ILI) and influenza A(H1N1)2009 virus infections in primary care. 

 For over 40 years, the general practitioners (GP) from the Continuous 

Morbidity Registration Sentinel Network of NIVEL, The Netherlands Institute of 

Health Services Research, register all patients who consult them for ILI. For about 

25 years, these GPs take weekly nose and throat swabs from a sample of patients 

with acute respiratory tract infections (ARTI), including ILI [20–22]. Since in the 

Netherlands, medical care for elderly living in nursing homes is not provided by 

GPs but by elderly care physicians, a dedicated nursing home network was initiated 

in 2008. In this national sentinel surveillance network for infectious diseases in 

nursing homes (SNIV), the weekly numbers of ILI patients in participating nursing 



128

figuur tekstvak

CHAPTER 7

homes are reported and viral diagnostics is performed in a subset of patients, 

similar to the design of the GP sentinel surveillance [23]. 

 The aim of our study is to gain insight into the epidemiology of 2009 pandemic 

influenza in the community, using continuous sentinel surveillance systems and the 

mandatory notification of 2009 pandemic influenza virus A(H1N1) hospitalisation 

and to estimate the relative clinical impact of pandemic influenza compared to 

seasonal influenza in previous years, using longitudinal population-based sentinel 

data for seasonal influenza. 

Methods 

The GP network of the Continuous Morbidity Registration constitutes a group of 

GPs in about 40 practices throughout the Netherlands. This network covers about 

0.8% of the Dutch population and is nationally representative by age, gender, 

regional distribution, and population density [20]. On a weekly basis, the GPs 

register the number of consultations for ILI by age-group according to the following 

definition: illness with an acute onset of symptoms (prodromal stage <4 days), 

fever (defined as a rise in rectal temperature to at least 38°C), and at least one of 

the following symptoms: cough, rhinitis, sore throat, frontal headache, retrosternal 

pain, or myalgia. As part of the virological surveillance, the GPs take nose swabs 

and throat swabs from two ILI patients per week. When sampling of ILI patients 

is not feasible, swabs are taken from patients with other ARTI. These swabs are 

accompanied by a form on which the GP registers patient data including sex, date 

of birth, diagnosis, and underlying diseases. Samples are sent to the National 

Institute of Public Health and the Environment (Bilthoven, the Netherlands). 

 During the study period, the SNIV nursing homes network included 25 

nursing homes throughout the Netherlands. They register the weekly number of 

ILI patients according to the definition: illness with acute start of symptoms and 

at least one of the following systemic symptoms: fever of febrile feeling, malaise, 

headache, myalgia, and at least one of the following three respiratory symptoms: 

cough, sore throat, shortness of breath. Sampling for the virological surveillance 

is similar to that for the GP surveillance, except for the requirement to sample 

patients aged 10 years or younger. 
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 Influenza viruses in clinical specimens for both the GP and the SNIV nursing 

homes network were detected and further sub typed using a combination of virus 

isolation and characterisation by HI assays (hemagglutination inhibition) and 

(real-time) reverse transcriptase (RT)-PCR (polymerase chain reaction). For rapid 

diagnostics of the pandemic influenza A(H1N1)2009 virus, real-time RT-PCR for 

the general detection of influenza virus type A and B were combined with specific 

detection of the pandemic influenza A(H1N1)2009 virus [24]. 

 Data with respect to hospital admission for pandemic influenza were obtained 

from the national mandatory notification system as described by Van ‘t Klooster 

et al.[7]. No comparable longitudinal hospital data are available to assess trends 

over time. 

Statistical analyses 

Both for seasonal and for pandemic influenza, the influenza season is defined as 

the period with ILI activity at GP level above the baseline threshold of a weekly ILI 

incidence of 5.1 per 10,000 persons [20]. 

 For the GP network, incidences of ILI were calculated per 10,000 persons as 

the number of ILI consultations divided by the patient population x 10,000 both 

per week and per influenza season in total in the period between 1999⁄2000 and 

2009⁄2010. This was calculated for the total population and stratified by age-

groups (0–4, 5–9, 10–14, 15–19, 20–44, 45–64, and >65 years of age). For the 

SNIV nursing home network, ILI incidences were calculated per 10,000 residents 

as the number of new ILI patients divided by the number of nursing home 

residents x 10,000, both per week and for the influenza seasons 2008⁄2009 and 

2009⁄2010. As the ILI surveillance in SNIV nursing home network was operational 

from January 2009 onwards, only data from week 2 to 8 2009 of the season 

2008⁄2009 were available. As proxy for the number of nursing home residents, 

we used the bed capacity in the registrating nursing homes. The bed occupancy in 

Dutch nursing homes is always close to 100%. 

 Incidence of hospital admissions owing to the pandemic influenza A(H1N1)2009 

virus in the pandemic season 2009⁄2010 was calculated per 10,000 persons as the 

number of hospitalisations divided by the Dutch population (determined in July 

2009) x 10 000. This was calculated for the total population and stratified by age-

groups (0–4, 5–9, 10–14, 15–19, 20–44, 45–64, and >65 years of age). 
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 The relative impact of the pandemic influenza virus in the general population 

was assessed as the ILI incidences during the pandemic season in different age-

groups compared with those during earlier regular influenza seasons, for both 

the GP network and the SNIV nursing home network. The incidence of hospital 

admissions owing to the pandemic influenza A(H1N1)2009 virus in the pandemic 

season was used to relate the impact of severe disease, requiring hospital 

admission, to that of mild diseases in the general population. 

 Uni- and multivariate logistic regression analyses were used to assess which 

patient characteristics were independently related to detection of influenza virus, 

both pandemic and seasonal, in nose swabs and throat swabs from ILI patients. 

These analyses were restricted to acute samples obtained within 4 days after the 

first day of illness, taken in the influenza seasons in the period between 2003⁄2004 

and 2009⁄2010. 

 Statistical analyses were performed using SAS software version 9.1.3 (SAS 

Institute, Cary, NC, USA). 

Results 

The pandemic season started in week 41, 2009 (October), and lasted for 10 

weeks. This period included the so-called autumn school holiday: week 43 for the 

northern and central part of the Netherlands and week 44 for the southern part. 

There was no spring or summer wave of pandemic influenza in the Netherlands. 

The duration of the influenza seasons between 1999⁄2000 and 2008⁄2009 varied 

from 4 to 15 weeks. The start of these seasons was between weeks 46 and week 

8 and the end between weeks 3 and 13 (table 1). 

Pandemic influenza virus in primary care 

General practice 

The overall incidence of GP-attended ILI in the period between week 41 and week 

50, 2009, was 96 consultations per 10,000 persons. The highest incidences were 

reported in children aged <15 years, respectively, 285, 195, and 162 consultations 

per 10,000 persons in the 0–4, 5–9, and 10– 14 year olds, and the lowest incidence 

in persons aged >65 years, 52 consultations per 10,000 persons (figure 1). 
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Table 1. Period with heightened ILI activity for the influenza seasons 19992000–

20092010. 

 

 Start season End season Duration 

Influenza season Year Week Week Year (weeks) 

1999/2000 1999 51 5 2000 7 

2000/2001 2001 3 6 2001 4 

2001/2002 2002 4 12 2002 9 

2002/2003 2003 9 12 2003 4 

2003/2004 2003 50 3 2004 6 

2004/2005 2005 4 12 2005 9 

2005/2006 2006 1 13 2006 13 

2006/2007 2007 8 11 2007 4 

2007/2008 2008 5 9 2008 5 

2008/2009 2008 46 8 2009 15 

2009/2010 2009 41 50 2009 10 

 

Table 1. Period with heightened influenza-like illness (ILI) activity for the influenza 

seasons 1999⁄2000–2009⁄2010.

Figure 1. Weekly incidence of GP-attended influenza-like illness (ILI) per 10,000 

persons for different age-groups in the period from week 41 to 50 in 2009. 
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Table 2. Univariate and multivariate logistic regression analyses of the detection of  

influenza A(H1N1)2009 virus in nose swabs and throat swabs from patients with 

influenza-like illness sampled in the period from week 41 to 50 in 2009.  

 

 

No. samples and 

percentage positive 

for influenza 

A(H1N1)2009 virus 

Univariate logistic 

regression 

Multivariate logistic 

regression 

 No. (%)  OR [95%CI] OR [95%CI] 

Gender*        

Female 293 (43)  ref - ref - 

Male 258 (45)  1.1 [0.8-1.5] 0.9 [0.7-1.4] 

Age group (yrs)        

0-4 103 (29)  ref - ref - 

5-9 73 (67)  5.0 [2.6-9.5] 5.1 [2.6-9.9] 

10-14 73 (68)  5.3 [2.8-10.1] 5.0 [2.6-9.7] 

15-19 42 (57)  3.2 [1.5-6.8] 3.1 [1.5-6.7] 

20-44 161 (32)  1.2 [0.7-2.0] 1.1 [0.6-1.9] 

45-64 88 (36)  1.4 [0.8-2.6] 1.2 [0.7-2.3] 

>65 15 (27)  0.9 [0.3-3.0] 0.7 [0.2-2.7] 

Respiratory allergy**        

No 512 (42)  ref - ref - 

Yes 36 (61)  2.2 [1.1-4.3] 1.9 [0.9-4.2] 

Chronic disease        

No 480 (43)  ref - ref - 

Yes 67 (43)  1.0 [0.6-1.7] 1.0 [0.6-1.9] 
 

* Gender was missing for 4 of the sampled patients 
** Complaints of the respiratory tract caused by IgE-mediated allergy, including asthma  

 

Table 2. Univariate and multivariate logistic regression analyses of the detection 

of new influenza A(H1N1)2009 virus in nose swabs and throat swabs from patients 

with influenza-like illness (ILI) sampled in the period from week 41 to 50 in 2009. 

 In the period between week 41 and 50, 2009, a total of 555 ILI patients were 

sampled as part of the virological surveillance, of which 43% were positive for the 

new pandemic influenza virus. The percentage of samples positive for pandemic 

influenza was highest in the age-groups 5–9 and 10–14 years, respectively, 

67% and 68%, and lowest in the >65 years of age, 27%. Although univariate 

analyses showed that samples originating from patients with a respiratory allergy 

were statistically remarkably more often positive for the pandemic influenza 

A(H1N1)2009 virus, this difference was not found in the multivariate analyses. 

Both univariate and multivariate analyses showed that samples originating from 

children aged between 5 and 19 years were statistically remarkably more often 

positive for the pandemic influenza A(H1N1)2009 virus as compared with samples 

from ILI patients younger than 5 years of age (table 2). This was most pronounced 

for 5–9 and 10–14 year olds, with, respectively, OR = 5.1 and OR = 5.0. 
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Figure 2. Weekly incidence of influenza-like illness (ILI) per 10,000 nursing home 

residents in 2009. 

Nursing homes 

The overall incidence of ILI in nursing home residents in the period between week 

41 and week 50, 2009, was 123 per 10,000 persons. No effect of the pandemic 

in the incidence of ILI was visible in this population (figure 2), and none of the 

21 obtained nose and throat swabs were positive for the pandemic influenza 

A(H1N1)2009 virus. 

Pandemic influenza virus in hospitals 

The overall incidence of hospital admissions because of laboratory-confirmed 2009 

pandemic influenza A(H1N1) virus infection in the period from week 41 to 50 was 

1.1 admissions per 10,000 persons. The incidence was highest in children aged 

0–4 years (5.7 admissions per 10,000 persons) and lowest in persons aged >65 

years (0.5 admissions per 10,000 persons; figure 3). 
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Figure 3. Weekly incidence of hospital admissions because of 2009 pandemic 

influenza A(H1N1) by age-group per 10,000 persons between week 41 and 50 in 

2009.

Pandemic versus seasonal influenza virus in primary 

care 

General practice
 

Both for pandemic influenza in 2009⁄2010 and for seasonal influenza in 1999⁄2000–

2008⁄2009, the highest incidence of GP-attended ILI was reported for children 

aged <5 years (figure 4). During the pandemic, this incidence was lower than 

the seasonal influenza incidence in this age-group in 2008–2009, but higher than 

that in the other seasons in the preceding decade. For the 5–14 year olds, the 

incidence of GP-attended ILI for pandemic influenza was less than the incidence 

in 0–4 year olds, but remarkably higher than the seasonal influenza incidence in 

5–14 year olds in all preceding years. While the highest incidence for 0–4 year olds 

was reported in the season 2008⁄2009, for 15–19 year olds, this was in the season 

2005⁄2006 and for persons aged 20 years and older in 1999⁄2000. 

 The number of sampled ILI patients in the seasons 2003⁄2004 to 2008⁄2009 

varied between 44 in 2003⁄2004 and 301 in 2008⁄2009, and the percentage of 

samples positive for influenza virus varied between 38% in 2006⁄2007 and 53% 

in 2004⁄2005. In contrast to season 2009⁄2010, multivariate logistic regression 
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Figure 4. Seasonal incidence of general practitioner (GP)-attended influenza-

like illness (ILI) by age-group per 10,000 persons in the seasons 1999⁄2000–

2009⁄2010. 

analyses showed that there were no differences in the proportions of influenza-

positive nose and throat swabs between the different age-groups during regular 

influenza seasons (data not shown). Because of the limited number of sampled 

patient, these analyses were restricted to the seasons 2005⁄2006, 2007⁄2008, and 

2008⁄2009. 

Nursing homes 

During the pandemic, the incidence of ILI in nursing home residents was 

considerably lower compared to the incidence of seasonal influenza in 2008⁄2009 

(respectively, 123 and 484 per 10,000 persons – figure 2), even though the 

2008⁄2009 incidence was only based on data from week 2 to 8 in 2009. 
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Discussion 

Our study relates the epidemiology of pandemic influenza in primary care ILI 

patients and in hospitalised patients with confirmed pandemic influenza to the 

epidemiology of seasonal influenza, using a long-term validated sentinel GP 

surveillance system as well as a recently started nursing home network, both 

covering ILI activity and virological surveillance. While absolute incidences of 

pandemic influenza were highest in children below 5 years of age, the largest 

relative impact of pandemic compared to seasonal influenza in previous years was 

observed among children 5–14 years of age. No noticeable impact was seen in 

persons aged >65 years. 

 The strength of our study is the inclusion of long-term longitudinal population-

based data derived from continuous sentinel surveillance systems next to data 

from the mandatory notification system. Studies focusing on notified and⁄or 

hospitalised patients only showed that pandemic influenza A(H1N1) caused severe 

illness, particularly in young persons and those with underlying medical conditions 

[12,25]. In addition to this, our study showed that the relative clinical impact 

in the general population of the 2009 pandemic influenza compared to seasonal 

influenza in previous years was most felt in healthy children aged 5–14 years of 

age. This is in agreement with preliminary data on European all-cause mortality 

during the pandemic reported by EuroMOMO [26] using longitudinal data series 

on crude mortality by age group, indicating a cumulative excess mortality in 5–14 

year olds. Furthermore, Lemaitre and Carrat [27] showed that young age (<20 

years) was a principal mortality risk factor of the 2009 pandemic. 

 By assessing both absolute incidences and relative increases in incidences 

compared to seasonal influenza incidences, we could show that during the 

pandemic in the Netherlands, the 5–14 year olds suffered the largest relative 

clinical impact compared to previous years. While absolute incidences of GP 

consultations and hospitalisations were lower than the incidences of the 0–4 year 

olds, the 5– 14 year olds was the only age-group where the pandemic incidence 

of GP consultations did not fall within the range of observed incidences over the 

past decade. Furthermore, we found a higher proportion of nose and throat swabs 

positive for the pandemic influenza A(H1N1) virus in this age-group compared 

to that found in 0–4 year olds, while no differential positivity was observed in 

previous seasons. Therefore, in the general population, the relative clinical impact 
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of pandemic influenza compared to seasonal influenza in children aged between 5 

and 14 years is probably even higher than expected based only on the incidence 

of GP-attended ILI. 

 The incidence of ILI in nursing home residents cannot be compared directly 

to that found in GP patients aged >65 years, because of differences in the general 

state of health of the both populations as well as differences in the organisation 

of both sentinel surveillance systems. The elderly care physicians examine all 

nursing home residents with (mild) ILI, while GPs examine only those patients 

who consult them because of ILI. Nevertheless, both surveillance systems confirm 

the relatively minor impact of the pandemic seen in persons aged >65 years, as 

has been reported also for other countries [10,11,25,28]. The incidence of GP-

attended pandemic ILI was highest in the 0–4 year olds, as also seen in regular 

influenza seasons [21], and also the pandemic hospitalisation rate was highest in 

this age-group. This is in line with earlier studies on pandemic influenza, where also 

high incidences in young persons both for hospitalisation because of laboratory- 

confirmed 2009 pandemic influenza A(H1N1) and for GP-attended ILI were 

observed [29,30]. However, part of the high consultation rates in the youngest 

children might be associated with a high level of parental anxiety [21], possibly 

even more heightened by the great media attention during the pandemic. Indeed, 

relatively few of the Dutch hospitalised children were admitted to an intensive care 

unit (ICU), indicating that part of them might have been admitted for precautionary 

reasons or for supervised oseltamivir therapy rather than primarily for the severity 

of the illness [7]. 

 Because of the relatively short duration of the pandemic season and the 

timing of the vaccination campaign, it is plausible that the effect of the vaccination 

campaign for healthy children aged between 6 months and 4 years on the assessed 

impact has been negligible [31]. The first pandemic vaccinations for healthy children 

were administered in week 48 of 2009 and the second vaccinations about 3 weeks 

later, while the pandemic season peaked in week 46 and lasted until week 50. 

 Our study has some limitations. First, the observed incidences based on GP-

attended ILI will underestimate the real incidence of ILI in the general population, 

because patients with mild complaints will not always seek medical care. However, 

this also applies for regular influenza seasons and is unlikely to have affected the 

age-specific comparison of the pandemic with the preceding influenza seasons 

owing to the use of longitudinal data. Another limitation is the limited robustness 



138

figuur tekstvak

CHAPTER 7

of the nursing home surveillance because combined clinical and virological ILI 

surveillance had only been operational for one regular season. Next to this, the 

robustness of the virological surveillance depends on the number of sampled ILI 

patients, which unfortunately was low for some of the studied influenza seasons. 

A third limitation is the probability that during the pandemic small children with 

more serious illness were directly admitted to hospital and therefore not captured 

by the GP system. However, there are no indications that this happened on a 

different scale than in other years. In general, the majority of hospital admissions 

in Netherlands occur following referral by a GP. During the pandemic, hospital 

admission owing to influenza A(H1N1)2009 virus became a notifiable disease, 

enabling us to study the incidence by age group and allowing a rapid focus on 

the severity of pandemic influenza. A limitation, however, is the lack of reliable 

historical records of hospital admission related to laboratory-confirmed influenza 

virus for the regular influenza seasons. Finally, ascertainment bias might have 

resulted in more frequent testing for influenza in hospitalised patients with 

respiratory complaints during the pandemic and might also have influenced the 

sampling in the GP network. However, there are no indications that selection 

for the swab collection in relation to the ILI reporting was different from that in 

previous years. 

 In conclusion, so far most pandemic influenza reports were based on case 

studies focusing on severe disease and thereby ignore the bulk of the public 

health impact of milder disease as observed in the community and reflected in 

GP consultations. By analysing hospitalisation, nursing home and GP surveillance 

data concurrently and using longitudinal trend data to assess the relative impact 

of pandemic influenza on the population compared to seasonal influenza, we could 

show that while the absolute incidences of 2009 pandemic influenza were highest 

among children 0–4 years of age, the relative clinical impact in the community 

compared to seasonal influenza in previous years was most noticeable in healthy 

children aged between 5 and 14 years of age. 
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