
1www.eurosurveillance.org

Surveillance and outbreak reports

Surveillance of influenza in Finland during the 2009 
pandemic, 10 May 2009 to 8 March 2010

O Lyytikaïnen (outi. lyytikaïnen@thl.fi)1, M Kuusi1, M Snellman1, M J Virtanen1, J Eskola1, E Rönkkö1, N Ikonen1, I Julkunen1, T Ziegler1, 
P Ruutu1

1. National Institute for Health and Welfare (THL), Helsinki, Finland

Citation style for this article: 
Lyytikaïnen O, Kuusi M, Snellman M, Virtanen MJ, Eskola J, Rönkkö E, Ikonen N, Julkunen I, Ziegler T, Ruutu P. Surveillance of influenza in Finland during the 2009 
pandemic, 10 May 2009 to 8 March 2010. 
Euro Surveill. 2011;16(27):pii=19908. Available online: http://www.eurosurveillance.org/ViewArticle.aspx?ArticleId=19908

Article published on 7 July 2011

The first infection caused by pandemic influenza 
A(H1N1)2009 virus was confirmed in Finland on 10 May 
2009. The spread of the disease and its impact were 
monitored using several surveillance systems, such as 
the national infectious disease register, notifications 
of clusters of influenza, influenza-like or influenza-
related illnesses, as well as virological, hospital, case-
based and mortality surveillance. The epidemic started 
in early October in the north and then spread to the 
south about two weeks later. Based on the data from 
laboratory-confirmed cases, the morbidity was high-
est in children. The daily number of patients hospital-
ised with influenza A(H1N1)2009 reached a maximum 
of over 400 in late November. Of the 1,580 hospitalised 
patients (median age 32 years), 672 (43%) had at least 
one chronic underlying illness, 35 (2%) were pregnant, 
132 (8%) were treated in intensive care units and 74 
(5%) required mechanical ventilation. The median age 
of patients admitted to intensive care units was 48 
years and 78 ( 59%) of them had at least one chronic 
underlying disease, none were pregnant. Altogether 44 
deaths related to influenza A(H1N1)2009 were recorded 
(median age 56 years): 40 belonged to high-risk groups 
on the basis of underlying chronic diseases. Combining 
data from different surveillance systems gave timely 
information about the spread of the pandemic and con-
tributed to identifying risk groups.

Introduction
In April 2009, the first cases of pandemic influ-
enza A(H1N1)2009 were confirmed in Mexico and in 
California, United States [1]. On June 11, 2009, the World 
Health Organization declared the first influenza pan-
demic of the 21 century [2]. In Finland, the first infection 
caused by the pandemic influenza virus was confirmed 
on 10 May 2009 [3]. During the early stages of the epi-
demic until the end of August, all suspected cases were 
referred to specialist care for virological confirmation 
and placed in isolation at home or in a hospital depend-
ing on the patient’s condition. During this period, most 
of the cases were found among travellers returning from 
abroad. At the end of July 2009, operational activities 
related to the containment phase were stopped.

One pandemic vaccine dose per each citizen was pur-
chased by the Finnish government for Finland and the 
vaccine became first available on 12 October 2009. The 
vaccination was carried out according to the recom-
mended prioritisation order as soon as the vaccines 
had arrived in the country [4,5].

Here we report how the national surveillance systems 
were used and adapted to monitor the spread of pan-
demic influenza and its impact. Moreover, we describe 
novel surveillance systems that were set up during the 
2009 pandemic in Finland. We also present national 
surveillance data and compare that to data collected in 
other countries.

Methods

Population-based surveillance
In Finland (population 5.3 million), the national health-
care system is organised into 20 healthcare districts 
(with catchment populations ranging from 68,000 to 
1.4 million), which form five tertiary care districts. 
All clinical microbiology laboratories report (generally 
electronically) all influenza A (culture, antigen, serol-
ogy, PCR) positive findings to the National Infectious 
Disease Register (NIDR). With each notification, the 
following information is transmitted to NIDR: type 
of specimen and date of collection, patient’s date of 
birth, sex, unique national identity code, and place 
of treatment. After the first case of pandemic influ-
enza A(H1N1)2009 virus infection in Finland, find-
ings positive for pandemic influenza A(H1N1)2009 
virus were recorded in a specific data collection 
field. Notifications concerning the same patient were 
merged into a single case. To avoid delays in notifi-
cation, the laboratories were requested to report their 
findings every workday between 8 and 9 am. In addi-
tion, the laboratories performing specific PCR-based 
diagnostics for 2009 pandemic influenza A(H1N1) virus 
reported every Monday the total number of specimens 
processed and the number of positive specimens dur-
ing the preceding week to a web-based notification 
system.
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Virological surveillance
A specific PCR test for pandemic influenza A(H1N1)2009 
virus was set up on 30 April 2009, at the National 
Influenza Center of the National Institute for Health and 
Welfare (THL) [6]. Participants in a pre-existing sentinel 
network were asked to continue the surveillance and 
submit up to five nasopharyngeal samples per week 
from patients who presented with influenza-like illness 
(ILI) and/or acute respiratory tract infection (URTI) to THL. 
The sites of the network are located at garrisons (n=14) 
and healthcare centres at border guard posts (n=3), 
municipalities/counties (n=6) and private occupational 
health services (n=8). Specimens obtained via the senti-
nel network were tested by PCR for seasonal influenza A 
and B types, parainfluenza 1, 2 and 3, adenovirus, respi-
ratory syncytial virus and specifically for the pandemic 
influenza A(H1N1)2009 virus. In addition, arrangements 
were made with the laboratories performing specific 
PCR for 2009 pandemic influenza A(H1N1)2009 virus 
to send positive specimens to the National Influenza 
Center at THL for further confirmation, virus isolation 
and characterisation (genetic and antigenic characteri-
sation of viruses, oseltamivir resistance).

Case-based surveillance
The following background information was collected from 
individual cases of pandemic influenza A(H1N1)2009 to 
a web-based notification system: unique national iden-
tity code, symptoms, travelling history within two weeks 
before the onset of symptoms such as fever ≥38˚C, 
cough, sore throat, diarrhoea and vomiting, underly-
ing illnesses, pregnancy, hospitalisation, radiologically 
confirmed pneumonia, treatment in intensive care unit, 
mechanical ventilation, and death. During the early 
stages of the pandemic from May to June, notifications 
were made from all suspected cases, of whom specific 
PCR-based diagnostics were performed. From the begin-
ning of July 2009, only confirmed pandemic influenza 
cases and from the beginning of November, only hospi-
talised and deceased cases were notified to this system.

Cluster identification
The doctors responsible for communicable disease 
control at healthcare districts were requested to 

ensure that local clusters of ILI cases would be iden-
tified. Later, when sustained local transmission was 
going on, the focus of data collection shifted to clus-
ters of severe acute respiratory illness (SARI) and 
situations where schools or day care centres were 
closed due to illness in children or shortage of staff. 
Notifications were made by using the outbreak noti-
fication system, which is usually used only for sus-
pected food- and waterborne disease outbreaks. 
The field in the form for additional data was used to 
provide information on acute respiratory illness with 
fever. The notifications were processed as usual in 
the municipality but sent for information only to the 
doctor responsible for communicable disease control 
at the healthcare district in question. When needed, 
THL provided consultation on diagnostic and infection 
control measures.

Influenza-like illness outpatients visits
When not all ILI cases were tested by laboratory diag-
nostics, ILI surveillance was recommended to be con-
ducted at one to two primary healthcare centres in 
each healthcare district depending on the catchment 
population and local resources. The clinical case defi-
nitions for ILI accepted by the European commission 
(28/IV/2008) were available at the THL website. Also 
the corresponding international primary healthcare 
(ICPC2) and disease classification (ICD-10) codes could 
be used for outpatient visit calculations. The number 
and/or percentage of ILI visits to doctors and/or nurses 
were recorded. No comprehensive data was transmit-
ted to national level, but ILI surveillance was carried 
out in all healthcare districts.

Hospital surveillance
From 19 November to 23 December 2009, THL collected 
daily the number of patients hospitalised with pan-
demic influenza A(H1N1)2009 by a web-based surveil-
lance system. The healthcare districts were asked to 
report every working day the total number of inpatients 
at hospital wards and in intensive care units for whom 
pandemic influenza A(H1N1)2009 infection was either 
confirmed or suspected, and separately the number for 
confirmed cases.

Table 1
Prioritisation order of population groups to be vaccinated against pandemic influenza A(H1N1)2009, Finland, 12 October 
2009−21 February 2010

Order Population group Mean starting week of vaccinations, (range)

1 Social and health care professionals, ambulance personnel, and pharmacists in 
customer service 43 (42−45) 2009

2 Pregnant women 44 (42−46) 2009

3 People from 6 months to 64 years of age at high risk due to their underlying illness 45 (43−48) 2009

4 Healthy children from 6 to 35 months of age 46−47 (45−49) 2009

5 Healthy children and adolescents from 3 to 24 years of age as well as army conscripts 47 (45−50) 2009

6 People aged 65 years and above who belong to high risk groups due to an 
underlying illness 51 (47−4) 2009-10

7 Rest of the population 2 (48−7) 2009-10
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Mortality surveillance
Information on all deaths in Finland was obtained from 
the Population Information System. These data were 
linked to the cases of pandemic influenza A(H1N1)2009 
notified to NIDR by using the national identity code. 
Influenza-related death was defined as a death, which 
occurred within 30 days after the date when the influ-
enza-positive specimen had been taken. In addition, 
all-cause and excess mortality were assessed by age 

groups and compared to the previous influenza sea-
sons by participating in the European Commission 
funded European Monitoring of Excess Mortality for 
Public Health Action (EuroMOMO) project.

Vaccinations
A total of 5.3 million vaccine doses arrived in Finland 
between 12 October 2009 and 15 February 2010, first 
approximately 150,000 doses per week and later more, 
up to 1.4 million doses per week. The starting weeks of 
vaccinations of different population groups are shown 
in Table 1.

Feedback of the surveillance results was given to 
healthcare districts and health authorities by emails 
and to the public and media on THL website.

Results
A total of 7,669 laboratory-confirmed pandemic influ-
enza A(H1N1)2009 cases were identified in Finland 
from 10 May 2009 through 8 March 2010.

The first suspected case was reported on 5 May 
2009. However, this case was not confirmed by labo-
ratory tests. Between 19 May and 31 August (period 
prior to sustained domestic transmission including 
the containment phase), background information was 
reported for 203 laboratory-confirmed cases; 102 
(50%) were males, and the median age was 24 years 
(range: 1–66 years). All healthcare districts reported at 

Figure 1
Pandemic influenza A(H1N1)2009 cases per 100,000 
population reported to the National Infectious Diseases 
Register by tertiary care districts, Finland 21 September 
2009−3 January 2010 (n=7,403)
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Figure 2
Influenza A and pandemic influenza A(H1N1)2009 cases reported to the National Infectious Diseases Register, and 
proportion of specimens positive for 2009 pandemic influenza A(H1N1)2009 virus, Finland, 4 May 2009−14 March 2010

Influenza A cases ( dark blue bar, n=1,793) likely included cases caused by pandemic influenza A(H1N1)2009 virus infection (n=7,669), but 
they were not confirmed by a subtype-specific PCR test.
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least one laboratory-confirmed case, and almost half 
of the cases were from the Helsinki-Uusimaa health-
care district. Three of the cases were pregnant women, 
and 171 (84%) of the patients had no underlying illness. 
About one third of the reported underlying illnesses 
(n=32) were mild, such as allergies. Seven cases had 
diabetes and six chronic pulmonary disease. The most 
common influenza symptoms were fever ≥38˚C 167 
(82%), cough 156 (77%) and sore throat 133 (66%). Of 
the 150 adult cases, 24 (16%) presented with diarrhoea 
and vomiting, while in children (≤15years of age) these 
symptoms were found in nearly one quarter (13/53) of 
cases. Seven cases had radiologically confirmed pneu-
monia. Out of the 203 laboratory-confirmed cases, 22 
(11%) were hospitalised and three were admitted to an 
intensive care unit.

Among the cases with disease onset during May and 
June 2009, nearly 90% had travelled abroad within two 
weeks before the onset of symptoms. The correspond-
ing figure for the cases reported in August was 60%. 
Between May and August, the most common travel des-
tinations were the United States (n=53), Asia (n=49), 
United Kingdom (UK) (n=22), other European countries 
(n=40), Canada (n=4) and Mexico (n=4). Patients fall-
ing ill in August had mainly travelled in Europe.

The number of cases started to increase in Finland 
between 19 October and 8 November 2009 (weeks 
43–45), and peaked first in the north (weeks 43–45) 
and thereafter, between 2 and 29 November in the 
south (weeks 45–48) (Figure 1).

A week before the numbers of cases began to rise, 
the proportion of positive specimens doubled (9.6–
19.2%) and reached nearly 50% between 9 and 15 
November (Week 46, Figure 2). At the turn of November 
to December, the proportion of positive specimens 
decreased, first in the north and thereafter in the 
south, and from mid-December onwards the pandemic 
influenza A(H1N1)2009 positivity rate of the samples 
was less than 10% throughout the whole country. In 

January 2010 there were 20 positive specimens and 
in February–March only two. As a whole, the propor-
tion of specimens positive for pandemic influenza 
A(H1N1)2009 was 33%.

Based on the positive laboratory findings, the morbid-
ity was highest in children (0–14 years) (Figure 3).

The geographical distribution was uneven, and the 
highest incidence of influenza infection was found in 
the northern part of Finland (Lapland) (Figure 4).

Based on the hospital surveillance, which started 
in mid-November (week 47), the burden of influenza 
patient in hospitals decreased quickly after the epi-
demic peak occurring at weeks 46–47. During weeks 
47–48 there were daily over 400 suspected or con-
firmed cases in hospitals and daily over 50 patients 
were treated in intensive care units (approximately 13% 
of the intensive care beds in Finland).

In the specimens sent from sentinel sites, garri-
sons and healthcare centres, the pandemic influenza 
A(H1N1)2009 virus was the main virus type detected. 
In addition, sporadic influenza A(H3N2), parainflu-
enza, adeno and respiratory syncytial (RS) virus were 
also identified. The hemagglutinin (HA) and neurami-
nidase (NA) sequences of more than 140 virus isolates 
were analysed. According to NA sequence, all of them 

Figure 3
Pandemic influenza A(H1N1)2009 cases reported to the 
National Infectious Diseases Register by age groups, 
Finland, 21 September 2009−3 January 2010 (n=7,403)  
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Figure 4
Influenza A cases reported to the National Infectious 
Diseases Register per 10,000 population by health care 
districts, Finland, 5 May 2009−8 March 2010 (n=9,465)
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showed a genotype sensitive to oseltamivir. As com-
pared with the influenza A/California/07/2009 proto-
type virus, the Finnish isolates collected between May 
2009 and February 2010 showed maximally 1.4% and 
1.1% variation in their HA and NA amino acid sequence, 
respectively. Some viruses isolated from severe cases 
had mutations at the residue 222 of the HA protein, but 
otherwise the viruses from mild and severe infection 
cases were genetically alike [3].

By the beginning of September 2009, a total of 38 ILI 
clusters were reported; most of them (n=33) from the 
Helsinki-Uusimaa healthcare district. Laboratory diag-
nostics were performed on ILI patient specimens from 
13 clusters and in three clusters, several pandemic 
influenza A(H1N1)2009 infections were confirmed: 
two clusters were in garrisons [7] and one in a day 
care centre. At the end of September, at one school 
in Central Finland, one third of the students and 
some teachers suffered from ILI; pandemic influenza 
A(H1N1)2009 was identified in two students. From the 
end of September to the beginning of October there 
was an ILI cluster at one school in eastern Finland 
where around 20 students fell ill; pandemic influenza 
A(H1N1)2009 infection was confirmed for two stu-
dents. Almost simultaneously in the same region the 
number of outpatient visits and telephone calls from 
the public increased in one healthcare centre where 
pandemic influenza A(H1N1)2009 was confirmed in 
three patients. At the end of October ILI clusters were 
reported from garrisons in northern and north-eastern 
Finland. At the beginning of November half a dozen ILI 
clusters were reported from schools in Helsinki met-
ropolitan area, where up to half of the students fell 
ill and some cases were laboratory confirmed as pan-
demic influenza. No reports of school or day care clo-
sures were received.

Background information was reported for 2,032 of 
7,669 cases (26%) of which 753 (37%) had at least 
one chronic underlying illness, 48 (2%) were preg-
nant women, 1,580 (78%) were hospitalised, 132 (6%) 
were admitted to intensive care (Table 2), and 74 (4%) 
required mechanical ventilation. Of the 48 pregnant 
women, six (13%) had a chronic pulmonary disease 
and one (2%) had diabetes. The underlying conditions 
included chronic pulmonary disease (310, 15%), heart 
disease (167, 8%), diabetes (141, 7%), receiving immu-
nosuppressive treatment (92, 5%) or being immuno-
compromised (84, 4%), neurologic disease (79, 4%), 
obesity (37, 2%) and kidney (26, 1%), liver (11, 0.5%) or 
neuromuscular (10, 0.5%) diseases.

A total of 44 patients infected with pandemic influ-
enza A(H1N1)2009 died (eight deaths per million), nine 
of whom were from northern Finland and 15 from the 
Helsinki metropolitan area, while other cases were 
scattered throughout the country (median age, 56 
years; range 1–88). Of the 44 deceased cases, four 
were children (range of age, 1−17 years), 26 males 
and 40 (93%) belonged to risk groups based on their 

underlying illnesses, three did not have any underlying 
illness and for one the information was missing. The 
preliminary mortality analysis did not reveal excess 
overall mortality in any age group during the peak pan-
demic period.

3.7 million vaccine doses were delivered to the regional 
medical centres and hospital pharmacies. In total, 2.6 
million vaccine doses were given [unpublished data 
THL]. The starting weeks of vaccinations of different 
population groups are shown in Table 1. Vaccination 
coverage for the entire country was approximately 50%, 
but varied considerably in the different age groups: it 
was highest in children aged 5–14 (76%) and lowest 
among young adults aged 20–29 (31%).

Discussion
During summer 2009 most of the pandemic influenza 
A(H1N1)2009 infections were detected among travel-
lers returning from abroad. Persons who fell ill were 
mainly previously healthy young adults of whom few 
developed a severe disease. In early summer, the 
United States had been the most common travel des-
tination, but later on in the summer infections were 
also identified among travellers who returned back to 
Finland from other European countries such as the UK. 
This is explained by the fact that both New York and 
London are popular travel destinations. In both cities 
the first wave of the pandemic influenza A(H1N1)2009 
infections started before the closing of the schools for 
summer holidays [8,9].

In Finland the pandemic started in the north in the 
beginning of October, followed by spread to the south 
a couple of weeks later. The epidemic peak in Finland 
was observed somewhat later than in Norway and 
Sweden but earlier than in Denmark [9]. The reported 
ILI clusters at schools and garrisons were often the 
first sign of the starting epidemic at local level. By 
December 2009, the number of infections quickly 
decreased. Like in many other countries, based on the 
laboratory confirmed cases, the morbidity was high-
est in children and lowest in the elderly. Following the 
results of a study by Ikonen et al., the elderly popula-
tion was considered partly immune: at least 10–20% 
of persons aged 65–79 years, ca. 60% of those aged 
80–89 years and 95% of those aged ≥90 years had 
cross-reacting antibodies that likely originated from 
infections by the Spanish flu and its descendent 
viruses in the early 20th century [10]. Regionally, there 
were significant differences in morbidity which may 
be due to differences in the diagnostic activity. This 
can also be related to the fact that in some population 
groups and regions the vaccination campaign began 
too late to control the local epidemic. For example, 
according to Table 1 and Figure 1, the epidemic peaked 
in the north during the same week as the first vacci-
nations occurred in Finland (week 43). The epidemic 
peaked nationally at week 46 (Figure 2), but the start 
of vaccinations among the group aged 3 to 24 years 
occurred one week later (week 47), and the incidence 
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among the group of 5 to 14 year olds turned out to be 
the highest (Figure 3).

During the peak of the pandemic, the daily hospital 
burden due to suspected or confirmed pandemic influ-
enza A(H1N1)2009 was more than 400 inpatients in the 
whole country. Like in other countries, hospitalised 
patients were younger (90% under 65 years of age) 
when compared to previous influenza seasons (90%, 
65 years of age or older). Approximately half of the 
patients had at least one underlying chronic illness. 
The proportion of pregnant women was low (2% vs 5% 
in many other countries before vaccination). The most 
common underlying diseases were chronic pulmonary 
disease, heart disease and diabetes like in other coun-
tries [11-15]. The patients requiring intensive care were 
older, and more than half of them had some underly-
ing illness. THL received no reports of pregnant women 
requiring intensive care which, beside the low propor-
tion of pregnant women in general, may be due to the 
early start and good coverage of the vaccination cam-
paign among pregnant women in Finland.

Altogether, 44 deaths related to pandemic influenza 
A(H1N1)2009 infections were confirmed in Finland 
which, in relation to population size, is more than 
what was found in other Nordic countries [9]. The link-
age of national registers is not internationally com-
monly available as a tool to assess deaths in relation 
to specific laboratory-confirmed infections. Thus, the 
comparisons between countries should be made with 
caution. The patients who died were older than other 
hospitalised patients but younger than during previous 
influenza seasons. Almost all deceased patients had 
some underlying diseases and thus belonged to the 
influenza risk groups. One previously healthy child and 
two other individuals with no underlying diseases died 
from pandemic influenza A(H1N1)2009 infection.

When estimating influenza morbidity and mortality, 
the cases reported to national registries represent 
only a small proportion of those who were infected 
with the pandemic influenza A(H1N1)2009 virus [16]. 
Atypical clinical pictures, which are common among 
the elderly and those with underlying diseases are 
easily missed, as well as mild infections, which 
recover at home and do not require any medical atten-
tion. To obtain a timely picture on the emergence and 
spread of an influenza epidemic or pandemic, a pop-
ulation-based ILI follow-up system tightly linked with 
virological surveillance systems should be estab-
lished in Finland. The final estimates on the effects 
of the pandemic can be made retrospectively by com-
paring morbidity and mortality data in the population 
with previous influenza seasons. Preliminary analy-
ses from the United States and Europe suggest that 
there was excess mortality among children during the 
2009–2010 influenza pandemic compared to previous 
influenza seasons [17,18].

At present the pandemic influenza A(H1N1)2009 virus 
has not undergone significant evolution that would 
hamper the efficacy of the present influenza A/
California/07/2009 H1N1 vaccine. It seems that the 
evolution speed of the influenza A(H1N1)2009 pan-
demic virus is typical for influenza virus with a yearly 
rate of 1–1.5% of amino acid substitutions in HA and 
NA proteins. Some of these changes have and will be 
located at antigenically important sites of the virus 
requiring constant evaluation of the best possible vac-
cine candidates for the virus. In addition, no oseltami-
vir resistant influenza A(H1N1)2009 virus strains were 
found in Finland [3]. Thus, epidemiological, virological 
and population immune status surveillance are impor-
tant tools in the fight against pandemic and epidemic 
influenza infections.
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