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SUMMARY

Influenza surveillance in Danish intensive care units (ICUs) was performed during the 2009/10

and 2010/11 influenza seasons to monitor the burden on ICUs. All 44 Danish ICUs reported

aggregate data for incidence and point prevalence, and case-based demographical and clinical

parameters. Additional data on microbiological testing, vaccination and death were obtained

from national registers. Ninety-six patients with influenza A(H1N1)pdm09 were recorded in

2009/10; 106 with influenza A and 42 with influenza B in 2010/11. The mean age of influenza A

patients was higher in 2010/11 than in 2009/10, 53 vs. 44 years (P=0.004). No differences in other

demographic and clinical parameters were detected between influenza A and B patients.

In conclusion, the number of patients with severe influenza was higher in Denmark during the

2010/11 than the 2009/10 season with a shift towards older age groups in influenza A patients.

Influenza B caused severe illness and needs consideration in clinical and public health policy.
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INTRODUCTION

Since 1994 influenza in Denmark has been monitored

using a sentinel surveillance system by general

practitioners (GPs), which consists of reporting of

influenza-like illness (ILI) by GPs and laboratory

testing of a random sample of nasal swabs. In 2006

an additional surveillance system based on primary

healthcare consultations was established in collabor-

ation with the Danish medical on-call service [1]. The

Danish influenza surveillance was intensified during

the pandemic season of 2009/10 with an assessment of

influenza-related hospitalizations [2] and by active

reporting of influenza patients in intensive care units

(ICUs) [3] in order to inform healthcare authorities

about the severity of disease. The latter system had

the additional aim of timely detection of shortages in

ICU bed capacity.

In August 2010 the World Health Organization

declared the start of the post-pandemic phase [4].

From previous influenza pandemics it has been

observed in the USA and England and Wales that

several years following a pandemic the numbers

of patients with ILI and influenza-related mortality
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remained high before returning to a seasonal pattern

[5–7]. However, each pandemic and post-pandemic

phase is influenced by various factors such as natural

immunity and vaccination campaigns. High numbers

of influenza patients were not particularly expected in

Europe for 2010/11 [8].

In the first week of December 2010, the UK an-

nounced an early warning concerning a large number

of patients with influenza in ICUs, while the influenza

activity in the general population was still relatively

low [9]. In Denmark the sentinel surveillance by GPs

and the surveillance system for on-call GPs were in

place. In addition, ICU surveillance was continued in

Denmark, with a few logistical changes.

We describe the methodology used for the surveil-

lance in ICUs and present the burden of influenza on

the ICUs during the influenza season of 2010/11

compared to the 2009/10 season. In addition, demo-

graphical and clinical parameters were compared for

patients with severe influenza A in the two seasons

and between patients with severe influenza A and B

in the 2010/11 season. The objectives were to gain

insight in severe clinical illness associated with

influenza A and B in the post-pandemic phase and

to place the findings from the pandemic phase in

perspective.

MATERIALS AND METHODS

Active reporting by ICUs

All 44 Danish ICUs, including general ICUs, neuro-

surgical and paediatric ICUs actively reported aggre-

gate and case-based data. The system ran from week

46 (2009) (starting 9 November 2009) to week 11

(2010) (ending 21 March 2010) and from week 49

(2010) (starting 6 December 2010) to week 14 (2011)

(ending 10 April 2011), covering the periods of in-

creased circulation of influenza virus in both seasons.

ILI incidence did not increase in Denmark during

the summer of 2009 and this period was not included

in the surveillance system. Once a week, the number

of new patients with influenza admitted during the

previous week was reported. In addition, the ICUs

provided a point estimate of the bed capacity used for

influenza patients ; the number of influenza patients

present in ICUs on Monday 08:00 hours divided by

the total number of patients present in the ICUs at

that time [3]. It is important to note that this is not

a measure of the potential bed capacity, but of the

number of beds occupied.

During the 2009/10 season the ICUs reported di-

rectly to the Statens Serum Institut (SSI). The case

definition was a patient in a Danish ICU with

laboratory-confirmed influenza A(H1N1)pdm09 or

with ILI after close contact with a person with

laboratory-confirmed influenza A(H1N1)pdm09.

Case-based data were reported on a separate form at a

later date and included the unique personal identifi-

cation number (CPR number) from the Danish Civil

Registration System, information on demographics,

antiviral treatment, interventions, such as ventilation,

dialysis and extracorporeal membrane oxygenation

(ECMO), and clinical outcome.

A few changes were made for the 2010/11 season to

adapt to the post-pandemic situation and improve the

efficiency of the system. The ICUs reported to one of

the five regional coordinators for emergency disaster

preparedness who in turn reported to SSI. The case

definition was a patient in a Danish ICU with

laboratory-confirmed infection with influenza A or B.

Case-based data were reported at the same time as the

aggregate data. The case-based data were less detailed

to reduce the workload of ICUs; however, the data

still included the CPR number, information on de-

mographics, underlying medical conditions and

ECMO treatment.

A consequence of simplifying the case-based data

was a different assessment of the presence or absence

of underlying medical conditions. During the 2009/10

season the ICUs were asked to indicate presence or

absence of underlying medical conditions from a

given list, and height and weight to calculate the body

mass index. During the 2010/11 season the ICUs were

given a free-text field to report the presence or absence

of underlying medical conditions.

Laboratory data

During the pandemic season all microbiology lab-

oratories in Denmark were by law required to send

samples from suspected influenza patients to the SSI

Department of Virology for confirmation by poly-

merase chain reaction (PCR) and for subtyping. In the

2010/11 season many clinical laboratories performed

their own PCR tests, but samples were still sent to SSI

for subtyping. Since January 2010 laboratory data

from all microbiology laboratories in Denmark have

been collected in one national microbiology database

(MiBa) [10]. Linkage of surveillance data to MiBa,

using the CPR number, allowed verification of lab-

oratory confirmation and collection of further details
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on subtyping of influenza A strains and lineage

determination of influenza B strains. Patients from

before 2010 were verified in the database of the SSI

Department of Virology.

Vaccination data

The pandemic vaccine, which only included the in-

fluenza A(H1N1)pdm09 strain, was available in

Denmark from week 45 in 2009. In the 2010/11 season

the seasonal influenza vaccine, including strains of

influenza A(H1N1)pdm09, influenza A(H3N2) and

influenza B Victoria lineage was available from week

39 in 2010. Information on pandemic and seasonal

vaccination status was obtained from the Danish

Vaccination Register.

Vital status

Information on death was obtained from the Civil

Registration System. Mortality due to influenza was

defined as death within 30 and within 90 days of ICU

admission.

Burden of influenza on ICUs

The burden of influenza on ICUs was assessed as the

total number of influenza patients in ICUs during the

two seasons and the proportion of influenza patients

among the total number of patients in ICUs.

Influenza in the general population

To relate the burden of influenza in ICUs with pat-

terns in the general population, numbers of new ICU

admissions were compared to data from the sentinel

surveillance, which showed the percentage of patients

with ILI among all patients consulting their GPs.

Data on typing and subtyping of samples from ICU

patients were also compared to samples tested at the

SSI Department of Virology. These samples included

diagnostic samples from GPs and hospitals, surveil-

lance samples from general practices in the sentinel

surveillance and positive samples from hospitals

which sent samples to SSI for reference.

Statistical analysis

Differences in mean age, mean length of stay and

the mean proportion of beds used for influenza

patients were tested using the Mann–Whitney test.

Differences in presence of underlying illness were

analysed using the z test. Levels of significance were

set at 0.05.

RESULTS

All 44 Danish ICUs participated in the surveillance in

both seasons. During the 2009/10 season some ICUs

reported as a group, resulting in 36 reporting ICUs.

The proportion of reporting ICUs varied per week

between 61% and 80%, and decreased to around

43% for the last 2 weeks [3]. During the 2010/11

season reporting by the 44 ICUs was consistently

high, varying between 91% and 100%.

Virological information

Ninety-six patients with influenza A(H1N1)pdm09

were reported in the 2009/10 season [3]. During the

2010/11 season 148 influenza patients were recorded;

106 (72%) with influenza A and 42 (28%) with

influenza B. Of the 106 patients with influenza A, 91

(86%) were subtyped and all had influenza

A(H1N1)pdm09. For 17/42 influenza B patients the

lineage was determined, showing nine patients with

Victoria lineage and eight with Yamagata lineage.

Comparison with diagnostic and surveillance

samples tested at the SSI Department of Virology in

the 2009/10 season showed 1801 (99%) samples

with influenza A(H1N1)pdm09, one with influenza

A(H3N2), four with seasonal influenza A(H1N1)

from before 2009 and 16 with influenza B. In the

2010/11 season 473 (51%) samples showed influenza

A(H1N1)pdm09, seven influenza A(H3N2) and 442

(48%) influenza B. For 416 influenza B samples where

the lineage was determined: 329 (79%) had Victoria

lineage and 87 (21%) Yamagata lineage.

The burden of influenza in ICUs in 2009/10 and

2010/11 seasons

Figure 1 shows the number of influenza-related ad-

missions for both seasons combined with sentinel data

from GPs. Figure 2 shows that the proportion of

ICU beds used for influenza patients was higher in

the 2010/11 season than during the 2009/10 season.

The percentage of beds used for influenza patients in

the 2009/10 season varied between 0.7% and 6%with

one outlier at 8% and in the 2010/11 season between

0.8% and 10%. The mean proportion was 2.8 in

the 2009/10 season and 5.0 in the 2010/11 season
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(Mann–Whitney test : P=0.15). The denominator in

these calculations (the total number of patients in an

ICU) was on average 172 beds (range 103–237) in the

2009/10 season and 319 beds (range 256–359) in the

2010/11 season.

Characteristics of patients with influenza A infection

in 2009/10 and 2010/11 seasons

Case-based data from the 2009/10 season was avail-

able for 53 influenza A patients and was compared

to the 106 patients with influenza A in the 2010/11

season. The gender distribution was similar (male :

female ratio of 1:0.7 and 1:0.8, respectively). The

mean age was lower in the 2009/10 season at 44 years

(range 3–80 years) than the mean age of 53 years

(range 1 week–83 years) in the 2010/11 season

(Mann–Whitney test : P=0.004). Figure 3 presents

the incidence of influenza patients by age group.

While the incidence was relatively high in children

and young adults in the 2009/10 season, the incidence

of influenza A in the 2010/11 season was relatively
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Fig. 1. Number of new patients with influenza A and B by week of admission to intensive care unit (ICU) during the 2009/10

and 2010/11 seasons (bars, left axis), projected against the percentage of influenza-like illness (ILI) in patients in general
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Fig. 2. Number of influenza patients in Danish intensive care units (ICUs) at 08:00 hours (bars, left axis) and the percentage
of beds in use for influenza patients on Monday 08:00 hours (diamonds, right axis) during the 2009/10 and 2010/11 seasons.
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higher in very young children aged 0–4 years and

persons aged>45 years.

Table 1 shows underlying conditions during both

seasons. There was no underlying illness in 11 (21%)

of 52 patients in the 2009/10 season nor in 14 (18%)

of 80 influenza A patients, for whom information was

available, in the 2010/11 season. Neurological disease,

obesity and cardiovascular disease were more preva-

lent in patients in the 2009/10 season than the 2010/11

season (z test : P<0.001, P=0.02, P=0.03, respect-

ively).

The length of stay in the ICU was calculated for 40

patients in the 2009/10 season and also for 40 patients

with influenza A in the 2010/11 season. The mean

number of days was similar with 13 days (range

<1–65 days) in the 2009/10 season and 12 days (range

<1–49 days) in the following season.

Six (11%) of the 53 influenza A patients received

ECMO in the 2009/10 season as did 10 (12%) of 86

influenza A patients, for whom this information was

available, in the 2010/11 season.

The proportion of patients who died within 30 days

of ICU admission was 28% (15/53) in the 2009/10

season and 27% (29/106) in the 2010/11 season.

In 2009/10 three more patients died between 30 and

90 days after ICU admission, leading to a 90-day

mortality of 34% (18/53). In the 2010/11 season

an additional seven patients died between 30 and

90 days, also resulting in a 90-day mortality of 34%

(36/106).

Three of the 15 patients who died in the 2009/10

season were vaccinated; all of them less than a week

before ICU admission. Of the 29 patients who died in

the 2010/11 season four (14%) were vaccinated, all

more than 2 weeks before ICU admission. For three

of the four patients information on underlying medi-

cal condition was available and showed haemato-

logical malignancies.

Characteristics of patients with influenza A and B

infection in 2010/11

The 106 influenza A patients of the 2010/11 season

were also compared to the 42 influenza B patients.

The male:female ratio was similar with 1:0.9 for in-

fluenza B patients. The mean age was 52 years for

both patient groups (range: influenza B patients 1–83

years). The influenza B incidence, as shown in Figure

3, was relatively lower in patients aged 35–64 years

compared to influenza A patients.

As shown in Table 1, diabetes was more prevalent

in influenza B patients, whereas immunocompro-

mised conditions and obesity were more prevalent in

influenza A patients. These findings were, however,

not statistically significant. The majority of cancer

patients had haematological malignancies : 15/16 in-

fluenza A patients and 7/8 influenza B patients.

In the category ‘other ’ the conditions mentioned

more than once were pneumonia (four influenza A

patients), alcohol abuse (three influenza A patients,
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one influenza B patient) and drug abuse (two influ-

enza A patients).

For 40 influenza A and 20 influenza B patients ad-

mission and discharge dates were available. Of these,

influenza A patients stayed on average 12 days (range

<1–49 days) in the ICU and influenza B patients

7 days (range <1–35 days). This difference was not

statistically significant.

Ten (12%) of 86 influenza A patients and three

(7%) of 41 influenza B patients received ECMO

treatment in the 2010/11 season. The proportion of

patients with influenza B who died within 30 days of

ICU admission was 26% (11/42) compared to 27% in

influenza A patients. Of the 11 influenza B patients,

five had a strain of the Victoria lineage and one of the

Yamagata lineage. An additional three patients died

between 30 and 90 days after ICU admission, leading

to a 90-day mortality of 33% (14/42).

The Danish Vaccination Register showed that 16

(11%) of 106 influenza A patients and 12 (29%) of 42

influenza B patients received the 2010/2011 seasonal

influenza vaccine between weeks 39 and 50 in 2010.

All were vaccinated more than 2 weeks before ICU

admission. The lineage was determined in only one of

the 12 vaccinated influenza B patients, and found to

be Yamagata lineage.

DISCUSSION

During the 2009/10 and 2010/11 influenza seasons

surveillance was performed in which Danish ICUs

reported the number of influenza patients in their

units. The system proved highly flexible, and suffi-

ciently sustainable to be initiated at short notice. It

provided timely information to assess a potential in-

creased burden on ICUs that the UK had warned

about [9]. With a different case definition the system

may be useful for other emerging infectious diseases.

The response rate during the 2009/10 season was

high for most of the surveillance period, but was

consistently higher during the 2010/11 season. From

personal contact with the ICUs, we know that when

ICUs did not report during the 2009/10 season, they

generally did not have any new influenza patients.

Therefore we assumed that the numbers of new

patients and patients in ICUs on Mondays at 08:00

hours which were reported in the 2009/10 season

reflect real numbers and are comparable with the

numbers during the 2010/11 season. However,

the total number of patients in ICUs was affected

by underreporting during the 2009/10 season. TheT
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proportion of beds used for influenza patients may

therefore be overestimated, especially for the 2009/10

season.

We compared characteristics of patients with

influenza A(H1N1)pdm09 infection from the

2009/10 season with characteristics of patients with

laboratory-confirmed influenza A infection from the

2010/11 season. Since all 91 patients who were sub-

typed during 2010/11 had influenza A(H1N1)pdm09

and very few other influenza A strains were found to

be circulating in the Danish population, we consider it

realistic to assume that all 106 influenza A patients

had an infection with influenza A(H1N1)pdm09 and

can be compared to the patients from the 2009/10

season.

The number of influenza patients in ICUs was

higher during the 2010/11 season than during the

pandemic season. The proportion of beds used for

influenza patients seemed to have increased accord-

ingly, although this difference was not statistically

significant. As mentioned, there may be an over-

estimation of the proportion of beds used for influ-

enza patients during the 2009/10 season, which

suggests that the difference was even larger. The

length of stay did not differ between the two seasons

and can therefore not be accountable for the ad-

ditional increase in burden on ICUs. It can be argued

that the larger number of patients in the 2010/11

season was a result of more testing, but that is not

necessarily the case. In fact, the opposite may be true

considering the fact that awareness of the need to test

for influenza was probably higher during the pan-

demic season of 2009/10. Surveillance during more

consecutive influenza seasons is needed to better

understand the dynamics behind this measure.

The comparison between influenza A patients

showed a shift to older age groups from the 2009/10 to

the 2010/11 seasons. Theoretically, geographical dif-

ferences may contribute to different age groups being

affected from one season to another. However, given

the fact that Denmark is a small, fairly densely

populated country with a well-developed transport

infrastructure, we do not believe that geography

played a substantial role in this observation. More-

over, surveillance data of severe influenza in the UK

and mortality data from The Netherlands also show

an age shift [11, 12]. Based on data of the three pan-

demics in the 20th century it was estimated that it may

take 3–10 years after a pandemic before the popu-

lation has adapted immunologically to the new virus

[13]. An age shift in excess mortality towards older

age groups in the influenza waves of 1919/20 was

suggested to be indirect evidence of the emergence of

an early influenza A(H1N1) drift variant in the years

after the 1918 pandemic [13]. The age shift observed in

our data may be an early indication that such a de-

velopment is taking place.

Obesity, neurological disease and cardiovascular

disease were significantly less prevalent during the

2010/11 season. The finding of obesity may be an ar-

tifact, due to the different way of reporting. However,

the findings of neurological illnesses and cardio-

vascular diseases may be real differences, which will

need to be studied more closely in the coming seasons.

Neurological diseases were specifically reported as a

risk factor for severe disease in children during the

pandemic [14–16]. Our observation of an age shift

may therefore explain why neurological illness was

less prevalent in influenza patients during the 2010/11

season. In this respect cardiovascular disease would

be expected to be more prevalent in patients during

the 2010/11 season, since it is more common in older

age groups. This was indeed found to be the case

in mortality surveillance in The Netherlands [12]. In

both seasons cancer was reported frequently. The in-

formation on the 2010/11 season showed that most of

the cancer patients had haematological malignancies,

which generally cause severely depressed immune

function. The severity of illness between the two

seasons was similar in terms of ECMO treatment and

proportion of deaths.

Influenza B was not included in the case definition

of 2009/10. However, we assumed that we did not

miss substantial numbers of influenza B patients, as

diagnostic and surveillance samples in the SSI lab-

oratory showed that influenza B did not circulate to

any significant extent in the 2009/10 season.

Influenza B infection has been described in a small

number of patients, mostly through case reports, as

a cause of severe illness in children and adults aged

<65 years [17–21]. We describe the largest group of

patients with influenza B in an ICU to date. Age and

gender distribution and severity in terms of ECMO

treatment and death were comparable between

patients with influenza A and B.

A substantial proportion of influenza B samples

were of the Yamagata lineage, even though this lin-

eage was found to a much lesser extent in diagnostic

and surveillance samples. The seasonal vaccine in

2010/11 included the Victoria lineage but not the

Yamagata lineage. This may be the reason why one-

third of influenza B patients in ICUs had received the
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seasonal vaccination more than 14 days before ad-

mission and still developed severe influenza. We

cannot confirm this hypothesis as only one of the vac-

cinated influenza B patients had B lineage determined.

However, it may be a reason to consider including

both the Yamagata and Victoria lineages in the

seasonal vaccine. This possibility has recently been

explored by Reed et al. who showed that introduction

of a quadrivalent vaccine containing both influenza B

strains could lead to a reduction in influenza-

associated health outcomes, although moderate [22].

In conclusion, the total number of influenza

patients in ICUs was higher in the 2010/11 season

than in the 2009/10 season. The percentage of ICU

beds occupied with influenza patients was also higher

in 2010/11 than in 2009/10. The observed age shift

indicates that the burden of influenza may be moving

towards the usual seasonal pattern. It is important to

closely monitor this development over the coming

years and take it into account when making decisions

regarding vaccination and mitigation strategies. The

profile of underlying conditions in influenza patients

developing severe illness also needs further study as it

may have important implications for vaccination

strategies and recommendations for antiviral treat-

ment. Finally, the role of influenza B in severe disease

may have been underestimated until now. Our data

show that influenza B can cause severe illness in all

age groups and that it needs to be considered in the

setting of an ICU as well as in public health policy.
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