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To assess the burden of influenza on the Finnish
healthcare system, we analysed hospitalisations dur-
ing 1996-2010 using the International Classification
of Diseases codes potentially related to influenza and
its complications from the national hospital discharge
registry. To compare the influenza A(HiN1)pdmog pan-
demic with previous influenza seasons in 1996-2009,
we calculated hospitalisation rates by age- and diag-
nostic groups. We built a negative binomial regres-
sion model based on times series analysis to assess
the impact of the pandemic. Influenza-associated
hospitalisation rates were higher during the pandemic
compared to pre-pandemic influenza seasons for 5—24
year-olds (incidence rate ratio (IRR): 1.52, 95% confi-
dence interval (Cl): 1.44-1.60) and 25-64 year-olds
(IRR: 1.33, 95% Cl: 1.29-1.36), but did not differ for
persons aged > 65 years (IRR: 0.98, 95% Cl: 0.97-
1.00). Hospitalisation rates exceeded the upper limit
of the prediction line by 177% in 5—24 year-olds, 66%
in 0—4 year-olds and 57% in 25—-64 year-olds. During
the influenza season of 2003/04, all age groups had
higher-than-expected hospitalisation rates, whereas
other seasonal peaks were only notable among per-
sons aged > 65 years. These age-specific differences
in the hospital burden underscore the importance of
the continuous surveillance of hospitalisations in
order to evaluate immunisation priorities for seasonal
influenza and pandemic preparedness including use of
antiviral medication.

Introduction

The impact of the influenza A(HiN1)pdmog pandemic
on relevant public health indicators, such as labora-
tory-confirmed severe cases, has been widely reported
in the European region [1] and also in Finland [2].
However, surveillance based only on laboratory-con-
firmed cases may underestimate the disease burden
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due to the low likelihood of testing in some clinical sit-
uations and the increased usage of rapid test methods
with low sensitivity [3]. The availability of diagnostic
tests and testing activity may vary between countries,
and thus international comparisons must be done with
caution.

Within the European monitoring of excess mortality
for public health action [4], pooled results from eight
European countries showed higher all-cause mortality
in children during the influenza A(HiN1)pdmog pan-
demic in comparison with the three previous years [5]
but this finding was not detected in mortality data from
the individual countries, including Finland. However,
mortality does not reflect the whole burden of disease

[6,7].

The impact of seasonal and pandemic influenza on
healthcare systems, particularly inpatient care, can
be assessed by using a wide range of influenza-asso-
ciated conditions leading to hospitalisation. In the
United States, two retrospective studies have used a
list of influenza-associated discharge diagnoses to
estimate excess hospitalisations due to influenza dur-
ing seasonal influenza periods, where a comparison
between seasons provided information on important
virological factors, such as the dominant influenza
virus subtype and vaccine match [6,8]. Using a similar
methodology, Widgren et al. [9] described the hospital
burden of influenza in Denmark during the pandemic
and the previous five years and revealed a higher than
expected hospitalisation burden in children and young
adults aged 5-24 years, but no excess burden in per-
sons aged 65 years and above.

In the present study, we describe observed numbers of
influenza-associated hospitalisations in Finland by age



and influenza-associated diagnostic groups during the
influenza A(HiN1)pdmog pandemic in comparison with
the 13 previous influenza seasons. We also present a
prediction model for influenza hospitalisations during
the pandemic, incorporating data from the nationwide
laboratory-based surveillance of influenza and other
seasonally circulating respiratory pathogens.

Methods

Data sources

In Finland (population 5.4 million in 2010), the National
Hospital Discharge Register (HILMO) receives reports
on all discharges from inpatient care providers on an
annual basis. Each report includes a national identity
code for the patient, the first three diagnoses given to
the patient according to the International Classification
of Diseases 1oth revision (ICD-10) from 1996 and
onwards, age, sex and place of residence, admission
and discharge dates, name and place of attending hos-
pital, type of service and medical specialty. Thus, the
study base from which we obtained the data on hospi-
talisations consisted of all the discharges reported to
HILMO from the entire country for the years 1996-2010.
Yearly age-specific population data from Statistics
Finland for the years 1996—2010 were used to calculate
hospitalisation rates.

We obtained weekly numbers of seasonally circulat-
ing respiratory pathogens (influenza A and B, parain-
fluenza, adenovirus and respiratory syncytial viruses
(RSV), Mycoplasma pneumoniae, Chlamydia pneu-
moniae and Bordetella pertussis) from the National
Infectious Disease Register, to which all clinical
microbiology laboratories electronically notify all
positive findings (culture, antigen, serology and poly-
merase chain reaction (PCR)) for the aforementioned
pathogens.

Definitions

We obtained data on influenza-associated hospitalisa-
tions from HILMO according to a list of ICD-10 discharge
diagnoses and classified these into five diagnostic

TABLE 1

groups [6,8,9]: influenza, viral or unspecified pneumo-
nia, bacterial pneumonia, febrile convulsions and acute
respiratory distress syndrome (ARDS). A list of ICD-10
codes used with corresponding diagnostic groups is
presented in Table 1.

Influenza seasons were defined as starting from week
30 to week 15 of the following year; this extended sea-
son was created to accommodate the influenza A(H1N1)
pdmog pandemic for which the onset and peak in influ-
enza activity, as measured through laboratory-based
surveillance, came much earlier than in the previous
seasons [2,9]. Hospitalisations were analysed accord-
ing to the following age groups: 0-4, 5-24, 25-64
and 65 years and above [9]. In the study database,
the national identity code was replaced with a unique
surrogate identifier; each individual’s influenza-asso-
ciated hospitalisations reported to HILMO within a six-
week period were counted as one unique episode of
influenza-associated hospitalisation [9].

Analyses and statistics

We calculated age-specific weekly hospitalisation
rates per 100,000 population using unique hospitali-
sation episodes. We compared the hospitalisation rate
during the influenza A(H1iN1)pdmog pandemic with the
mean hospitalisation rate of pre-pandemic influenza
seasons by calculating the age-specific incidence rate
ratio (IRR) with a 95% confidence interval (Cl).

We stratified the data on all the influenza-associated
hospitalisations by age groups and the previously
described five diagnostic groups for each season. We
compared the stratum-specific numbers of hospitalisa-
tions during the pandemic with the median numbers
for pre-pandemic influenza seasons by calculating
the risk ratio (RR) with a 95% confidence interval (CI)
for each age-specific diagnosis group using binomial
regression.

Furthermore, we constructed a time series in which
weekly age-specific unique hospitalisation episodes
were plotted from week 1 of 1996 to week 15 of 2010. We

Diagnostic group classification of International Classification of Diseases 10th revision discharge diagnoses used to identify
influenza-associated hospitalisations from the National Hospital Discharge Register, Finland, 1996-2010

Diagnostic group

Influenza

Gos1F, Gos10, H671B, J09, J0o91, Jog91A, J091B, 099, J10, J100, J101, J101A, J101B, J101C, J108, J108A,
J108B, J108C, J11, J110, J111, J111A, J111B, J111C, J118, J118A, J118B, J118C, 1411A

International Classification of Diseases, 10th revision discharge diagnoses

Viral or unspecified pneumonia

J12, J120, J121, J122, J128, J129, J18, J180, J181, J)182, J188, J189

Bacterial pneumonia

)13, J139, J139A, J139B, J14, J149, J149A, J149B, J15, J150, J151, J152, J153, J154, 155, J156, J156A, J157,
J158, J159, )16, J160, J168, 170, J170A, J170B, J170C, J170D, J170E, J170F, J170H, J171, J171A, J171B, J171C,
J171D, J172, J172A, )172B, J172C, J172D, J173, J173A, J173B, J)173C, J178, J178A, J178B, J178C

Febrile convulsions R560

ARDS )96, 960, J)969

ARDS: acute respiratory distress syndrome.
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TABLE 2

Incidence rates for influenza-associated hospitalisations during the influenza A(HIN1)pdm09 pandemic and the pre-

pandemic influenza seasons 1996-2009, Finland

Influenza A(HiN1)pdmog pandemic Pre-pandemic influenza seasons 1996-2009

b | | M | o%0 | rumeeimason| e | sea | me | eswea
0-4 1,937 16.59 14.64-16.47 1,700 15.19 14.99-15.39 1.09 1.04-1.14
5-24 1,725 3.54 3.38-3.72 1,144 2.33 2.30-2.37 1.52 1.44-1.60
25-64 7,554 6.70 6.55—-6.85 5,460 5.05 5.02-5.09 1.33 1.29-1.36
2 65 16,717 46.48 45.78-47.19 14,662 47.26 47.05—47.47 0.98 0.97-1.00
Total 27,933 13.36 13.20-13.52 22,965 11.53 11.48-11.57 1.16 1.15-1.17

Cl: confidence interval; IRR: incidence rate ratio.

2 Hospitalisation episodes per 100,000 of the age group population/week.

predicted age-specific hospitalisation rates during the
influenza A(HiN1)pdmog pandemic by applying a nega-
tive binomial regression model to the hospitalisation
data from the pre-pandemic influenza seasons. In the
model, we included weekly reports of seasonally circu-
lating respiratory pathogens as covariates with a time
lag of three weeks as suggested by simulations. We
also included a seasonality index by months and long-
term periodicity based on the observed periodicity for
RSV (two years) and a range of periodicity observed
for Mycoplasma pneumoniae (three years, seven years)
[10]. Previously observed peaks in seasonal influenza
were not removed since we believed that those events
are expectable in influenza transmission and dynamics
[6,8,11,12]. Observed age-specific hospitalisations dur-
ing the pandemic were compared to the upper bound
of the 99% ClI of the corresponding age-specific predic-
tion obtained from the model, which we expressed as
relative differences (%) for each age group. All analy-
ses were performed using Stata software version 10.1
(Stata corporation, College Station, TX, USA).

Ethical approval and data protection

The study protocol was approved by the ethics com-
mittee of the National Institute for Health and Welfare
(THL), and the appropriate permission to use the data
from HILMO, which is administrated by the THL, was
acquired through an internal application and review
process.

Results

A total of 535,862 influenza-associated hospitalisa-
tions were identified from 1996 to 2010; 440,922 of
these were unique hospitalisation episodes.

Based on the analysis of unique hospitalisation epi-
sodes, the overall influenza-associated hospitalisa-
tion rate was 16% higher during the influenza A(H1N1)
pdmog pandemic as compared to the mean rate of
pre-pandemic influenza seasons (Table 2). The hos-
pitalisation rates differed by age groups: statistically
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significant excesses were observed in children and
adults (age groups o-4 years, 5—-24 years and 25-64
years), whereas no excess was detected in persons
aged 65 and above. The magnitude of excess hospi-
talisation was highest in 5-24 year-olds and 25-64
year-olds.

Based on the analysis of all the hospitalisations, dis-
charge diagnoses of influenza, viral pneumonia and
ARDS were more frequent during the pandemic as com-
pared to pre-pandemic seasons, but discharge diag-
noses of bacterial pneumonia and febrile convulsions
were less frequent (Table 3). When analysing discharge
diagnoses by age groups, influenza, viral pneumonia
and ARDS remained more common during the pan-
demic as compared to pre-pandemic seasons in 0-4
year-olds, and influenza and viral pneumonia remained
more common in age groups 5—-24 and 25—-64 years. In
persons aged 65 and above, viral pneumonia and ARDS
were more common during the pandemic than during
pre-pandemic seasons. The number of hospitalisations
with discharge diagnoses corresponding to ARDS dur-
ing the pandemic was 726 for all age groups, and the
median number was 540 in previous seasons (range,
248-760). The diagnoses of bacterial pneumonia and
febrile convulsions remained less frequent during the
pandemic as compared to the previous seasons in all
age groups.

In the time series analyses, the model built on pre-pan-
demic hospitalisation data and notifications from the
laboratory-based surveillance of seasonally circulating
respiratory pathogens fitted well with the observed
hospitalisation rates during the same period (Figure 1).
Very small autocorrelations were left in the residuals,
which showed only a minor effect on the prediction and
its limits when all covariates were added to the model.
A peak in influenza-associated hospitalisations in all
four age groups was observed during the influenza
season 2003/04. When extending the prediction line to
the influenza A(H1iN1)pdmog pandemic, hospitalisation



TABLE 3

Influenza-associated hospitalisations by age- and diagnostic groups during the influenza A(HIN1)pdm09 pandemic and the
pre-pandemic influenza seasons 1996-2009, Finland

Number of Median number of Range in
A I SRS D thheoisnl::’iltuaelinszaat iX(nl-lslil\rlll) phr(;?g;tr?(;i;ar‘ltiico innsfliSetr:]zea i2;[&1useonnzsa Rl etdos g5l
pdmog pandemic seasons 1996—2009 1996-2009

All age groups

Influenza 1,826 580 358-1844 1.77 1.69-1.86 0.000

Viral or L_mspecified 25,372 14,937 11,607-25,730 1.20 1.19-1.21 0.000
pneumonia

Bacterial pneumonia 6,799 9,089 7,366-10,811 0.59 0.58-0.60 0.000

Febrile convulsions 392 616 472-908 0.49 0.45-0.55 0.000

ARDS 726 540 248-760 1.10 1.02-1.19 0.011
0-4 years 0.90 0.86-0.94 0.000

Influenza 364 108 54—341 2.53 2.28-2.81 0.000

Viral or gnspecified 1,077 739 517-964 1.27 1.22-1.33 0.000
pneumonia

Bacterial pneumonia 232 353 264-537 0.55 0.48-0.62 0.000

Febrile convulsions 339 506 389-779 0.56 0.51-0.62 0.000

ARDS 11 4 2-12 2.10 1.11-3.99 0.023
5-24 years 1.20 1.14-1.25 0.000

Influenza 428 75 49-124 3.68 3.32-4.08 0.000

Viral or gnspecified 1,035 585 409-915 1.06 1.02-1.11 0.006
pneumonia

Bacterial pneumonia 398 444 376-650 0.56 0.52-0.62 0.000

Febrile convulsions 29 58 40-72 0.34 0.23-0.49 0.000

ARDS 16 17 11-23 0.64 0.39-1.06 0.083
25-64 years 1.14 1.12-1.16 0.000

Influenza 776 118 71-363 3.37 3.11-3.65 0.000

Viral or L_mspecified 6,173 3,067 2,315-6,069 1.19 1.17-1.21 0.000
pneumonia

Bacterial pneumonia 2,169 2,546 2,228-3,066 0.59 0.57-0.61 0.000

Febrile convulsions 15 22 12-48 0.43 0.25-0.72 0.001

ARDS 299 217 105-320 0.99 0.88-1.11 0.814
> 65 years 0.95 0.94-0.95 0.000

Influenza 258 322 111-1176 0.48 0.42-0.54 0.000

Viral or gnspecified 17,087 10,766 7,936-17,782 1.22 1.21-1.23 0.000
pneumonia

Bacterial pneumonia 4,000 5,816 4,414-7,121 0.59 0.57-0.60 0.000

Febrile convulsions 9 15 8-29 0.49 0.25-0.96 0.038

ARDS 400 304 127-417 1.16 1.05-1.28 0.005

ARDS: acute respiratory distress syndrome; Cl: confidence interval.
2 Risk ratio per age- and diagnostic group during pandemic versus previous influenza seasons calculated from the binomial regression model.
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FIGURE 1

Observed influenza-associated hospitalisation rates by age groups per 100,000 population of the respective age groups per
week , Finland, 1996-2010 (n=440,922)
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The red line represents the observed influenza-associated hospitalisation rates in Finland by age groups per 100,000 population of the
respective age groups per week. The blue line represents the upper limit of the 99% confidence interval for the prediction line which was
obtained from the negative binomial regression model using data from the pre-pandemic influenza seasons.
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rates exceeded the upper bound of the prediction line
in the age groups 0—-4, 5—24 and 25—64 years, and the
observed peak at week 46 in 2009 occurred earlier
than predicted. The time series model predicted a simi-
lar peak in influenza-associated hospitalisations for
individuals aged 65 and above, but no excess in hospi-
talisation rate was seen during the pandemic.

The hospitalisation rates varied between age groups
(Figure 1). In the children aged o-4 years, the rate
peaked at 50/100,000 population of this respective
age group/week during the influenza A(HiN1)pdmog
pandemic, as compared to 30/100,000 population of
the respective age group/week in pre-pandemic peaks.
In the age groups 5—24 years and 25-64 years, peak
rate during the pandemic reached 15/100,000 popu-
lation of these respective age groups/week, whereas
the seasonal peak rates usually were below 5/100,000
population of these respective age groups/week. In the
persons aged 65 and above, the hospitalisation rate
during the pandemic did not exceed 50/100,000 popu-
lation of this respective age group/week, whereas the
seasonal peak rates in 1999/00, 2003/04 and 2008/09
were up to 100/100,000 population of the same respec-
tive age group/week.

During the peak week of the pandemic (at week 46,

2009), the observed hospitalisation rates exceeded
the upper 99% Cl of the predicted rates by 177% in

FIGURE 2

5—24 year-olds, 66% in 0-4 year-olds and 57% in
25-64 year-olds, but remained below the expected
hospitalisation rate in people aged 65 years and above
(Figure 2).

Discussion

Our study showed, based on the national hospital dis-
charge register data, an increase in influenza-associ-
ated hospitalisation rates during the influenza A(H1N1)
pdmog pandemic in Finland as compared to the pre-
pandemic seasons 1996—2009. The burden of the pan-
demic on hospitalisation rates was most pronounced in
people aged 5-24 and 25-64 years, whereas there was
no difference in persons aged 65 years and above.

The present study was initiated to provide national data
on influenza-associated hospitalisations in Finland,
using similar methodology as a study from Denmark
[9]. As in Denmark, we found a higher than expected
hospitalisation burden during the pandemic in per-
sons aged 5—24 years, but the same phenomenon was
also detected in persons aged 25-64 years. As shown
by the absolute numbers and graphical presentation
of the time series, there was no increase in the bur-
den of hospitalisation in persons aged 65 years and
above, which was also noted in Denmark. This is partly
explained by the presence of cross-reacting antibodies
against the Spanish influenza of 1918 or descendants

Relative difference between observed influenza-associated hospitalisations by age groups during the influenza A(HIN1)
pdm09 pandemic and the upper limit of the 99% confidence interval for the prediction line based on pre-pandemic

hospitalisation data, Finland, 1 January 2009-18 April 2010
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from this virus in this age group [13]. Another possible
contribution to the differences between age groups and
the two countries is the immunisation policy adopted
against the pandemic influenza. In Finland, vaccination
campaigns started with healthcare workers and risk
groups before the peak in October 2009, then reached
out to other target groups, such as children, and finally
reached the general population around early January
of 2010 [unpublished data THL]. The highest vaccina-
tion coverage was reached in 5—-14-year-old children
(76%) and the lowest in adults aged 20-29 (31%). In
Denmark, vaccination against the pandemic influenza
was offered to healthcare workers and risk groups
including children aged three years or more in October
2009; the general population including healthy chil-
dren were included in the vaccination programme at
the end of February 2010 [14]. The differences in vacci-
nation policies arose partly from unresolved questions
regarding the effectiveness of immunisation in young
children [15], but a growing body of literature supports
the view that the burden of the disease was previously
underestimated [16].

Our analyses by a list of ICD-10 codes previously used
in the United States [6,8] and Denmark [9], revealed an
increase in hospital discharges coded as influenza and
viral or unspecified pneumonia, especially in children
and adults. For the ARDS diagnostic group, an increase
during the pandemic was observed in children and per-
sons aged 65 and above, but due to the small numbers,
these results should be interpreted with caution. The
smaller numbers of hospital discharges coded as ARDS
in our study as compared to the numbers found in
Denmark [9] may reflect differences in clinical practice
and the usage of ICD-10 codes between the two coun-
tries, which have similar population sizes (The Danish
population is 5.5 million). Hospital discharges coded as
bacterial pneumonia were fewer during the influenza
A(H1iN1)pdmog pandemic as compared to the pre-pan-
demic seasons in all the age groups, including children
and persons aged 65 and above, which are the two
groups usually most vulnerable to secondary bacterial
infections during seasonal influenza waves [17]. Febrile
convulsions in children were also less frequent during
the influenza A(H1iN1)pdmog pandemic, an observation
also reported from Australia [18].

In the age-specific time series over the whole 14-year
period, we observed seasonal influenza peaks in per-
sons aged 65 and above and in children; these two age
groups also showed the largest variation in the hospi-
talisation rate between seasonal peaks, except for the
pandemic where the absence of excess in those aged
65 and above was a striking finding. The influenza sea-
son of 2003/04 represented the second most important
peak in hospitalisations in all groups (and the highest
peak in people aged 65 and above) and was dominated
by an influenza A (H3N2) virus of the Fujian lineage
which represented a major drift in the H3N2 virus caus-
ing poor match with the then available seasonal influ-
enza vaccine [10].

www.eurosurveillance.org

Our study has several limitations. Firstly, we were una-
ble to determine the possible impact of the increased
awareness regarding influenza and its potential com-
plications, especially among younger age groups,
during the influenza A(H1iN1)pdmog pandemic, a phe-
nomenon that could affect both diagnostic activity and
the threshold for hospitalisation, resulting in higher
numbers of influenza and influenza-associated ICD-10
codes appearing in the hospital discharge register. An
English study limited to laboratory-confirmed cases
of influenza during the pandemic revealed lower hos-
pitalisation rates than in other countries, which can
possibly be explained by differences in the threshold
for hospital admission; however, hospitalisation was
far more common in patients with pre-existing medical
conditions [19]. Influenza infection causes the exac-
erbation of cardiopulmonary diseases, which could
also be seen as an excess in hospitalisation rates [8].
Secondly, a weakness was related to the structure of
the HILMO data as compared to the Danish hospital dis-
charge register, since only the three first ICD-10 codes
from each medical record were collected in the regis-
ter, whereas the Danish register provided an unlim-
ited number of ICD-10 codes [9]. Coding for influenza
infection may be noted among the later diagnoses in
patients suffering from multiple illnesses. However, in
a study from the United States by Simonsen et al., only
the code provided in the first position was considered
[6]. Finally, we were not able to use the model for con-
tinuous monitoring, as hospital discharge data is col-
lected by HILMO only annually; data delivery at least
on a monthly basis would enable timely surveillance.

Our hospitalisation data covered the whole country,
minimising bias due to regional differences in the pop-
ulation and the healthcare structure; the same cover-
age was obtained in the Danish study [9]. In contrast,
we used age-specific population denominators, result-
ing in hospitalisation rates useful for international
comparisons [6,8]. We used hospitalisation data from
a total of 14 years when building the prediction model
for the pandemic, and the resulting model thus accom-
modates information from various types of influenza
seasons, including the 2003-2004 season with its
high burden of disease. Furthermore, we added weekly
numbers of seasonally circulating respiratory patho-
gens reported to nationwide laboratory-based surveil-
lance as covariates to the model, and we obtained a
very good fit of the prediction line for pre-pandemic
$easons 1996-2009, as suggested by previous studies
on influenza-associated mortality [7,20] and on overall
influenza surveillance [11,21]. These covariates proved
useful as we observed a second peak in hospitalisa-
tions among children aged o-4 years in early 2010;
after comparison with the time series of individual res-
piratory pathogens, we suspected this age-dependant
observation to be due to a higher circulation of RSV.

In conclusion, the present study showed a differential
burden of influenza-associated hospitalisations during



the influenza A(HiN1)pdmog pandemic as compared to
previous seasons by age and diagnostic groups. The
availability of surveillance data describing the burden
of influenza on healthcare systems for all age groups is
important when assessing changes in influenza dynam-
ics in future seasons and pandemics, when evaluating
immunisation priorities and recommendations for use
of antiviral medications [2,15,22]. The monitoring of
influenza-associated hospitalisations is an important
complementary approach to the surveillance of excess
in all-cause mortality and the case-based surveillance
of severe cases, but the data from the monitoring needs
to be timely. Integration of epidemiological and micro-
biological data is an important part of the modelling
process, which will require calibration in future studies
that should also allow for international comparisons of
hospitalisation rates.
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