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Background. Morbidity, severity, and mortality associated with annual influenza epidemics are of public health concern. We 
analyzed surveillance data on hospitalized laboratory-confirmed influenza cases admitted to intensive care units to identify common 
determinants for fatal outcome and inform and target public health prevention strategies, including risk communication.

Methods. We performed a descriptive analysis and used Poisson regression models with robust variance to estimate the asso-
ciation of age, sex, virus (sub)type, and underlying medical condition with fatal outcome using European Union data from 2009 to 
2017.

Results. Of 13 368 cases included in the basic dataset, 2806 (21%) were fatal. Age ≥40 years and infection with influenza A virus 
were associated with fatal outcome. Of 5886 cases with known underlying medical conditions and virus A subtype included in a 
more detailed analysis, 1349 (23%) were fatal. Influenza virus A(H1N1)pdm09 or A(H3N2) infection, age ≥60 years, cancer, human 
immunodeficiency virus infection and/or other immune deficiency, and heart, kidney, and liver disease were associated with fatal 
outcome; the risk of death was lower for patients with chronic lung disease and for pregnant women.

Conclusions. This study re-emphasises the importance of preventing influenza in the elderly and tailoring strategies to risk 
groups with underlying medical conditions.

Keywords: age; EU; influenza virus; intensive care units; underlying medical conditions.

Influenza viruses pose a permanent threat to public health due 
to seasonal epidemics with surges of associated morbidity and 
mortality and their pandemic potential [1–5]. Therefore, in-
tense global surveillance is conducted to constantly monitor 
and assess the epidemiological and virological situation and 
evaluate prevention and control measures [6–8]. The World 

Health Organization underlines the need to specifically monitor 
severe disease and its clinical patterns, causative viral strains, 
and population groups at risk [9]. The severity and impact of 
annual influenza epidemics are key indicators for assessing 
both seasonal and pandemic situations, particularly indicators 
based on influenza-related hospitalizations and deaths. These 
data are used to inform stakeholders, prioritize and allocate re-
sources, and target prevention strategies to the most vulnerable. 
Vaccination programs in particular depend on the identifica-
tion of specific risk groups [10].

Many studies performed during and after the 2009 influ-
enza pandemic have described risk factors in the context of an 
influenza pandemic or seasonal epidemics, but they used dif-
ferent study populations and different end points, eg, disease 
progression, hospitalization, intensive care unit (ICU) admis-
sion, or death [11–13]. Previously identified risk factors include 
increasing age, cardiovascular disease, malignancy, immuno-
suppression, hypertension, neuromuscular disease, diabetes 
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mellitus, chronic lung, liver, or metabolic renal disease [14, 15]. 
Obesity and pregnancy were associated with increased risk of 
severe outcomes in some but not all studies [15–18]. According 
to European data, infection with influenza virus A(H1N1)
pdm09, older age, immunosuppression, pregnancy, and lung or 
heart disease are associated with increased risk of fatal outcome 
of influenza [11, 16].

The European Centre for Disease Prevention and Control 
(ECDC) has conducted hospital-based surveillance of se-
vere influenza since the pandemic in 2009 [19]. Aggregate 
data are published weekly during the influenza season [6], but 
case-based data have not been systematically analyzed at the 
European level [20, 21]. Therefore, our aim was to analyze data 
on laboratory-confirmed influenza cases admitted to ICUs to 
identify common determinants of fatal outcome that may in-
form risk communication and help target prevention strategies.

METHODS

Data Source

During each influenza surveillance season, ECDC collects 
weekly case-based data on hospitalized laboratory-confirmed 
influenza cases admitted to ICU from a number of European 
Union (EU)/European Economic Area (EEA) Member States 
[22, 23]. The data for the seasons 2009–2010 to 2016–2017 
(weeks 40–20) were retrieved from the European Surveillance 
System (TESSy) database. A  description of the surveil-
lance systems in the countries reporting data is available at 
FluNewsEurope webpage [24].

Data Set

Reported information on laboratory-confirmed cases in ICUs 
included the following: influenza virus type; subtype (A(H1N1)
pdm09, A(H3N2)) and lineage (B/Victoria, B/Yamagata); age 
(year); sex; duration of hospitalization (time between admission 
to hospital and either discharge or death); complications (acute 
respiratory distress syndrome [ARDS], bronchitis, encephalitis, 
myocarditis, pneumonia, sepsis, other); vaccination status (not 
vaccinated, pandemic, seasonal, or both vaccines); date of vac-
cination; respiratory support (not required, ventilation or ox-
ygen support); and outcome (deceased or alive). Due to limited 
data reported on B-lineage, specific analysis in relation to B 
lineages was not feasible. The following underlying conditions 
were reported: asthma, cancer, chronic heart, kidney, liver or 
lung disease, diabetes, human immunodeficiency virus (HIV)/
other immune deficiency, neurocognitive and neuromuscular 
disorders, pregnancy, obesity, and morbid obesity. Countries 
were also able to report additional other underlying conditions 
in a free text field, and those covered a mix of various different 
genetic and acquired conditions as well as infectious diseases 
such as tuberculosis, hepatitis B or C, etc. Asthma and lung dis-
ease were pooled as chronic lung condition. Morbid obesity and 

obesity were pooled because analyzing them separately did not 
show any differences. Information about the date of vaccination 
and vaccine type was very limited. A full overview of reported 
data by country is available in Supplementary Tables.

Data Analysis

A basic dataset was compiled to analyze the relationship be-
tween age, sex, virus type, and fatal outcome. Inclusion criteria 
were as follows: laboratory-confirmed influenza cases admitted 
to ICU, influenza virus type A or B confirmation, known age, 
sex, and outcome (Basic dataset) (Figure 1).

Underlying medical conditions and A  virus subtypes were 
only available for a subset of cases within the basic dataset but 
were considered important factors for analysis. Therefore, we 
created a subset of the basic dataset that included cases with 
known influenza A  virus subtype (or B type) and underlying 
condition(s) (Specific dataset) (Figure 1).

Additional variables analyzed independently were dura-
tion of hospitalization, complications, vaccination status, and 
respiratory support. Because these additional variables were 
only incompletely reported, they were not included in any 
multivariable analysis because they would have substantially 
reduced the number of eligible cases. For the analysis of preg-
nancy, the analysis was restricted to women 17–50 years of age 
adjusting for the reporting country.

We performed a descriptive analysis of the pooled data 
across seasons and reporting countries. Descriptive statistics in-
cluded absolute and relative frequencies of each study variable. 
Continuous variables were compared by using Wilcoxon rank-
sum test, Mann-Whitney test, and Student’s t test. We applied 
different statistical models according to Barros et  al [25] as a 
sensitivity analysis to identify the best possible method. Poisson 
regression models with robust variance were applied to identify 
statistically significant determinants of fatal outcome. The use 
of robust variance intended to improve the variance estimation 
to adjust for dispersion of the data by reducing the effect of out-
liers. Crude and adjusted risk ratios (incidence rate ratio [IRR]) 
and 95% confidence intervals (CIs) were determined. The re-
porting country was included in the final model to adjust for 
country effects. A  second model was developed based on the 
subset of the basic dataset that included cases with known un-
derlying conditions and influenza A  virus subtype (A(H3N2) 
or A(H1N1)pdm09) or B type. The significance level was set at 
0.05. Stata 14 (StataCorp) was used for the statistical analysis.

RESULTS

Descriptive Analysis

The inclusion criteria for the basic dataset were met by 13 368 
cases reported from 12 countries during the study period 2009–
2010 to 2016–2017 (Figure 1). The number of reporting coun-
tries varied each season with France and Spain reporting the 
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majority of cases (57% and 26%, respectively). Of the 13  368 
patients in ICU with laboratory-confirmed influenza virus in-
fection, 2806 (21%) died (Table 1). The majority of cases were 
male (7604; 57%). The median age was 59 years (interquartile 
range, ±14 years; range, 0–104 years). Most of the cases (7566; 
57%) were between 50 and 79 years of age, and 10% of the cases 
were 18 years old or younger.

Most influenza viruses (11 809; 88%) were type A: 5223 (44%) 
were subtyped as A(H1N1)pdm09, 1975 (17%) were subtyped 
as A(H3N2), and 4611 (39%) were reported without subtype. 
In all seasons, there were more influenza A  viruses (>60% of 
viruses) compared with B viruses among ICU cases. In seasons 
with higher proportions of A(H3N2) detections, the propor-
tion of unsubtyped A viruses was also higher than in seasons 
with A(H1N1)pdm09 dominance. The proportion of influenza 
B virus cases was greater than 20% in both the 2012/2013 and 
2015/2016 season. The highest proportion of B viruses (20%) 
was observed in those aged less than 20 years.

Duration of Hospitalization

The duration of hospitalization was available for 952 cases (7%) 
whose median stay was 10  days (range, 0–198  days) and did 
not significantly differ between influenza virus types (P =  .1). 
However, the median stay of cases who recovered was signifi-
cantly longer than in fatal cases (13 vs 10 days; P = .003).

Underlying Conditions and Virus Type/Subtype

Among 5886 cases with known influenza virus type and A sub-
type (A(H1N1)pdm09 and A(H3N2)) and underlying condi-
tions (Specific dataset) (Figure 1), 23% percent (1349) died 
(Table 1). More cases were male (3205; 54%) than female. 
A total of 2552 cases (43%) were reported to have no underlying 
condition. One condition was reported for 2498 (42%) cases, 2 
conditions were reported for 569 cases (10%), 3 conditions were 
reported for 198 cases (3%), and 4 to 6 conditions were reported 

for less than 2% of the patients. The most commonly reported 
underlying conditions were chronic lung disease (18%) and 
obesity (15%). Influenza virus A(H1N1)pdm09 was detected in 
the majority (3512; 60%) of the patients, followed by A(H3N2) 
(1286; 22%) and type B (1088; 18%).

Respiratory Support

Data about respiratory support were available for 8667 (65%) 
of the 13  368 patients. Support was not required for 1005 
(12%) patients, oxygen was given to 506 (6%) patients, and 
7156 (83%) patients were ventilated. Of 579 patients reported 
to have pneumonia, 430 (74%) were ventilated, 118 (20%) re-
ceived oxygen, and 31 (5%) received no respiratory support. 
Of 3085 patients with ARDS, 2843 (92%) were ventilated, 134 
(4%) were reported to be given oxygen, and 108 (3.5%) received 
no respiratory support. The risk of death increased more than 
4-fold when ventilation had to be commenced (IRR, 3.98; 95% 
CI, 3.03–5.23), but not for patients only given oxygen support 
(IRR, 1.02; 95% CI, 0.68–1.52) compared with patients without 
any respiratory support, adjusting for reporting country, age, 
and sex.

Complications

Data about complications during the course of disease 
were available for 7592 (57%) cases. The most commonly 
reported complications were ARDS (51%) and pneumonia 
(41%). Acute respiratory distress syndrome (IRR, 1.02; 95% 
CI, 0.92–1.13), encephalitis (IRR, 1.16; 95% CI, 0.78–1.70), 
and pneumonia (IRR, 0.91; 95% CI, 0.82–1.02) were not 
associated with an increased risk of death adjusting for re-
porting country, age, and sex. Although sepsis and myocar-
ditis were reported only for 6% and less than 2% of the 7592 
cases, respectively, both were associated with increased risk 
of death (sepsis: IRR, 2.65; 95% CI, 2.41–2.90; myocarditis: 
IRR, 1.30; 95% CI, 1.00–1.67).

Patients admitted to ICU with laboratory-confirmed influenza virus infection
2009/10–2016/17 (weeks 40–20)

N = 21 216

Influenza virus A subtype determined
N = 8757

Known underlying conditions
N = 5886

Known age and gender
N = 14 227

Known outcome
N = 13 368

B
as

ic
 a

n
al

ys
is

S
p

ec
ifi

c
an

al
ys

is

Figure 1. Flow chart of cases included in the analysis. ICU, intensive care unit.
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Vaccination

Vaccination status was known for 9215 (69%) of the 13  368 
cases, with 2162 (23%) reported as having been vaccinated with 
either seasonal (2011 cases), pandemic (42), or both vaccines 
(109). The median duration of hospitalization did not differ be-
tween vaccinated and nonvaccinated patients (10.5 vs 10 days). 
Vaccination was preventive for fatal outcome (IRR, 0.86; 95% 
CI, 0.78–0.95) adjusting for reporting country, virus type, age, 
and sex.

Information on vaccination and underlying conditions were 
only provided for a limited number of cases (6052). In addition, 
information on date of vaccination was only available for 40 of 
all cases, and for 28 of them the date of onset of disease was pro-
vided in addition with a range of 0–185 days between vaccina-
tion and disease onset. Therefore, reporting on vaccination was 
considered biased and not included in the overall multivariable 
analysis.

Pregnancy

Pregnancy was reported for 244 women between 17 and 
59 years of age. Twenty-four (10%) of the pregnant women died. 
Of the 153 pregnant women with known vaccination status, 3 
were vaccinated and 150 were unvaccinated. The risk of death 
was lower for pregnant women when restricting the analysis 
to the age group 17–50 years old compared with nonpregnant 
women of the same age group (IRR, 0.57; 95% CI, 0.38–0.85) 
and adjusting for reporting country within the basic dataset. 
No difference was seen between France reporting the majority 
of cases and other countries as well as between pandemic and 
nonpandemic seasons (Supplementary Data).

Within the specific dataset when restricting the analysis to 
women 17–50  years old and adjusting for reporting country, 
pregnant women were less likely to die (IRR, 0.63; 95% CI, 
0.41–0.96). Underlying conditions such as HIV/immunosup-
pression (IRR, 2.11; 95% CI, 1.48–3.03) or heart disease (IRR, 
1.81; 95% CI, 1.12–2.91) increased the risk to die.

Univariable and Multivariable Analysis

In the basic model including cases with known gender, age, and 
influenza virus type, the determinants associated with fatal out-
come in the univariable analysis were male sex, age of 40 years 
and older, and infection with influenza A virus (Table 1). The 
risk for fatal outcome increased by 1.5% with each year of age 
(IRR, 1.02; 95% CI, 1.01–1.02), using age as continuous vari-
able. In the multivariable model, influenza A  virus infection 
and older age (≥40  years) were significantly associated with 
mortality. The highest risk ratio was identified in people of 
80 years of age and older.

The univariable analysis of cases with detailed information 
about influenza A  virus subtype and underlying conditions 
again identified being male and 40 years or older as determin-
ants of fatal outcome (Table 2). Cancer, heart, liver, and kidney 

disease, HIV infection/other immune deficiencies as well as 
other underlying conditions were identified as risk factors for 
fatal outcome, whereas patients of younger age and with chronic 
lung disease were less likely to die. In the multivariable model, 
age 60 years and older, cancer, chronic heart, kidney, and liver 
disease, as well as HIV infection/other immune deficiency and 
other underlying conditions were confirmed as determinants 
of fatal outcome. In addition, infection either with A(H1N1)
pdm09 or A(H3N2) virus was retained.

DISCUSSION

This is the first published analysis of confirmed influenza ICU 
cases reported from 12 EU countries over 8 consecutive sea-
sons. Confining the analysis to ICU cases was intended to im-
prove data comparability across countries, although criteria 
for ICU admission might not have been uniform across coun-
tries and hospitals. We confirmed several known determinants 
contributing to a greater risk of fatal outcome. In addition, the 
association between sepsis as a clinical complication and an 
increased risk of death underlines the clinical impact of early 
treatment and care in these severely ill patients. No informa-
tion was available on why some patients admitted to ICU did 
not receive respiratory support, ie, the information was missing 
or not reported: either such patients had been transferred to 
ICU for precautionary reasons, there was missing case informa-
tion, or data were not reported. In addition, no information on 
timing of complications in relation to ICU admission was avail-
able within this dataset as well as on other complications such as 
secondary bacterial infections or related treatment.

The present study is limited by the small number of EU coun-
tries reporting. Cases were reported from only 12 of the 31 EU/
EEA Member States, and so their cases might not be representa-
tive of all severe cases across the EU/EEA. A further limitation 
of this study is the differences in ICU reporting systems between 
Member States and the pooling of such case-based data across 
countries that have different underlying healthcare systems and 
surveillance [26]. The imbalance between the contributions of 
the various countries over time might also limit the comparability 
of the data. Nevertheless, we assessed the variation by applying 
different statistical methods and identified a reasonable test to 
compensate for the reporting country effect according to Barros 
et al [25]; however, different underlying data collection cannot be 
solved by pure statistics. We believe that this study, even with its 
limitations, provides valuable information on several determin-
ants relevant for increased risk of fatal outcome due to influenza 
in Europe. The identified limitations of reporting and pooling of 
such case-based clinical data across countries will need to be ad-
dressed to develop more robust variables and apply clinical se-
verity scores. This process needs to create data independent from 
the respective underlying surveillance system to be useful to 
identify determinants for severe disease and fatal outcome.
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Table 1. Risk Factors for Fatal Outcome in Laboratory-Confirmed Influenza Cases in ICU, 12 EU/EEA Countries, 2009/10–2016/17, Basic Dataset

Determinants

Recovered 
Cases  

N = 10 562
Fatal Cases  
N = 2 806 Univariable Analysis  Multivariable Analysis

n % n % Risk Ratio (95% CI) P Value
Adjusteda  

Risk Ratio (95% CI) P Value

Gender

 Female 4603 44 1161 41 Ref.   Ref.  

 Male 5959 56 1645 59 1.08 (1.01–1.15) .030 1.05 (0.98–1.12) .143

Age in Years

 0–19 1191 11 123 4.4 0.59 (0.48–0.72) <.001 0.60 (0.49–0.74) <.001

 20–39 1274 12 233 8.3 Ref.   Ref.   

 40–59 3278 31 787 28.1 1.27 (1.12–1.45) <.001 1.26 (1.10–1.44) .001

 60–79 3777 36 1289 45.9 1.70 (1.50–1.93) <.001 1.70 (1.50–1.93) <.001

 80+ 1042 10 374 13.3 1.87 (1.61–2.16) <.001 1.87 (1.61–2.16) <.001

Virus Type

 A 9249 88 2560 91 1.37 (1.21–1.54) <.001 1.31 (1.16–1.47) <.001

 B 1313 12 246 9 Ref.      

Significant findings (p < 0.05) in bold.

Abbreviations: CI, confidence interval; EEA, European Economic Area; EU, European Union; ICU, intensive care unit; Ref., Reference.
aAdjusted for reporting country.

Table 2. Risk Factors for Fatal Outcome in Laboratory-Confirmed Influenza Cases in ICU, 12 EU/EEA Countries, 2009/10–2016/17, Specific Dataset

Determinants

Recovered 
Cases 

N = 4 537
Fatal Cases 
N = 1 349 Univariable Analysis Multivariable Analysis

n % n % Risk Ratio (95% CI) P Value
Adjusteda Risk Ratio 

(95% CI) P Value

Gender

 Female 2113 47 586 42 Ref.   Ref.  

 Male 2424 53 781 58 1.15 (1.05–1.26) .003 1.12 (1.02–1.23) .019

Age in Years

 0–19 504 11 60 5 0.59 (0.44–0.78) <.001 0.66 (0.50–0.87) .003

 20–39 645 14 137 10 Ref.    Ref.  

 40–59 1439 32 421 31 1.29 (1.09–1.53) .003 1.23 (1.04–1.46) .013

 60–79 1547 34 581 43 1.62 (1.37–1.90) <.001 1.71 (1.45–2.02) <.001

 80+ 402 9 150 11 1.68 (1.37–2.05) <.001 2.00 (1.61–2.47) <.001

Underlying Conditions

 Cancer 92 2 74 6 2.22 (1.83–2.70) <.001 1.84 (1.51–2.23) <.001

 Diabetes 371 8 154 11 1.08 (0.94–1.26) .284 b   

 Heart disease 418 9 230 17 1.32 (1.16–1.51) <.001 1.19 (1.04–1.37) .012

 HIV/Immune deficiency 169 4 146 11 1.80 (1.58–2.07) <.001 1.67 (1.45–1.91) <.001

 Kidney disease 106 2 86 6 1.71 (1.45–2.02) <.001 1.38 (1.16–1.64) <.001

 Liver disease 114 3 67 5 1.42 (1.17–1.73) <.001 1.29 (1.06–1.57) .013

 Chronic lung infection 651 14 222 17 0.86 (0.76–0.97) .016 0.82 (0.73–0.93) .002

 Neurocognitive 45 1 14 1 1.05 (0.67–1.65) .819 b   

 Neuromuscular disorders 88 2 29 2 0.97 (0.71–1.33) .872 b   

 Obesity 673 15 211 16 1.05 (0.92–1.19) .690 1.05 (0.92–1.20) .486

 Other 110 2 49 4 1.32 (1.03–1.69) .031 1.32 (1.02–1.71) .037

Virus Subtype

 B 912 20 176 13 Ref.   Ref.   

 A(H1N1)pdm09 2632 58 880 65 1.52 (1.31–1.76) <.001 1.56 (1.35–1.82) <.001

 A(H3N2) 993 22 293 22 1.31 (1.10–1.55) .002 1.19 (1.00–1.41) .047

Significant findings (p < 0.05) in bold.

Abbreviations: CI, confidence interval; EEA, European Economic Area; EU, European Union; HIV, human immunodeficiency virus; ICU, intensive care unit; Ref., Reference.
aAdjusted for reporting country and pregnancy.
bNot included in the final mode.
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The proportion of fatal cases among patients in ICU was higher 
in this study (21%) than in previous analyses (mean 16%) [11, 27], 
which might be due to the inclusion criteria we used: known virus 
type, age, gender, and outcome. The results showed an increasing 
risk of death associated with influenza A and increasing age over 
40 years, which partly confirms the findings of other studies that 
indicate mortality during A(H3N2) seasons mostly affects people 
65  years of age and older and middle-aged during A(H1N1)
pdm09-dominated seasons [28, 29]. However, fatality in ICU 
represents only a small fraction of the mortality toll of influenza, 
particularly in the elderly, which are less likely to be admitted to 
ICU and have also been shown to be less likely tested for influenza 
virus infection in the hospital setting [30].

The data reported to TESSy were not complete regarding 
influenza virus A  subtype and B lineage as well as under-
lying conditions. A considerable number of cases (4611; 34%) 
from the basic dataset had to be dropped from the specific 
subset analysis due to missing virus subtype information. The 
high proportion of unsubtyped influenza A  viruses, ranging 
from 0.1% during the pandemic season 2009/2010 to 60% in 
2016/2017, limited determination of the dominant virus sub-
type for most of the seasons in the analysis. We also observed 
that the proportion of unsubtyped influenza A  viruses was 
higher in A(H3N2)-predominant seasons than in A(H1N1)
pdm09 seasons. This might be explained by the fact that detec-
tion systems specifically developed for A(H1N1)pdm09 during 
the 2009 pandemic continue to be used in diagnostics, so if in-
fluenza A viruses test negative in the specific A(H1N1)pdm09 
test, they are reported as “influenza A unsubtyped”, which cre-
ates a bias towards more A(H1N1)pdm09 cases in the subtype-
specific analyses. Another reason could be an increased testing 
for influenza A  and B in acute hospital settings using point-
of-care tests without further subtyping. Better virological data 
would be desirable for a better assessment of the clinical im-
pact of the virus subtype but also regarding vaccine effective-
ness. In a French study, female sex and influenza vaccination 
were described as protective factors with regard to ARDS in se-
verely ill patients [16]. In our study, vaccination showed some 
protection; however, the data on vaccination status had several 
limitations in the available information on vaccination date, 
vaccine type, and onset of disease. The small number of cases 
with information on underlying conditions and vaccination 
status did not allow for a more in-depth analysis.

Our analysis supports previous findings that HIV infection/
other immune deficiency, cancer, heart, kidney, and liver disease 
increase the likelihood of fatal outcomes as do increasing age 
over 40 years and influenza A infection [14, 15, 31]. All EU/EEA 
Member States recommend annual influenza vaccination for per-
sons 65 years of age and older. Recommendations for persons with 
the following chronic medical conditions vary across countries: 
respiratory (pulmonary), cardiovascular, chronic neurological, he-
patic and renal disease, immunosuppression, metabolic disorders, 

HIV/acquired immune deficiency syndrome, and morbid obesity 
[32, 33]. Our analysis showed that HIV infection/other immu-
nosuppressive disorders are associated with an increased risk of 
death; however, no specific information on “other immune defi-
ciencies” was provided. People with HIV infection are known to 
be at greater risk of dying from influenza and its complications due 
to their susceptibility to infection, and they are specifically targeted 
by Member State vaccination programs [10, 34–36]. With the con-
stant number of approximately 30 000 newly diagnosed HIV in-
fections each year and over 500 000 estimated people with HIV 
in EU/EEA countries, influenza vaccines as well as early antiviral 
treatment should be offered to them as a priority group [37–39].

Others identified an association between pre-existing lung, neu-
romuscular or neurocognitive disease, or obesity and fatal outcome 
in hospitalized patients; however, this was not seen among ICU pa-
tients in this analysis [14, 15]. In our study, chronic lung condition 
including asthma was not associated with an increased risk of death 
in line with a recent meta-analysis [31]. A previous study described 
an association of earlier hospital admission and less severe outcomes 
in asthmatics compared with nonasthmatics [40]. Pregnancy is con-
sidered a risk factor for severe influenza [11], and a large majority 
of EU/EEA Member States recommended influenza vaccination 
for pregnant women [32, 33]. Although approximately 3% of all 
our cases were pregnant women, our findings did not show any in-
creased risk for fatal outcome when admitted to ICU and confirm 
findings of others [15, 31]. Pregnancy, chronic lung disease, and 
obesity may increase the risk for hospitalization and ICU admission, 
rather than fatal outcome. It can be speculated that early hospitaliza-
tion, early onset of treatment, and transfer to ICU as a precaution in 
these patients’ populations may prevent severe disease progression. 
The earlier identification of these conditions as risk factors might 
have contributed to increased awareness and better clinical care 
preventing fatal outcomes.

CONCLUSIONS

This study highlights the importance of preventing influenza virus 
infection, particularly in the elderly, but also in tailoring strategies 
to protect risk groups with underlying conditions, which includes 
the use of antiviral treatment and vaccination [41].

Supplementary Data
Supplementary materials are available at Open Forum Infectious Diseases 
online. Consisting of data provided by the authors to benefit the reader, 
the posted materials are not copyedited and are the sole responsibility of 
the authors, so questions or comments should be addressed to the corre-
sponding author.

Acknowledgments
We thank colleagues at European Centre for Disease Prevention and 

Control (ECDC) for improving this article. We also thank the TESSy team 
at ECDC for support during the data collection and the surveillance team 
from the World Health Organization (WHO) Regional Office for Europe 
for our joint collaboration on influenza surveillance. We thank all clin-
icians and experts involved in the collection of these data. The Spanish 

D
ow

nloaded from
 https://academ

ic.oup.com
/ofid/article/6/11/ofz462/5608594 by guest on 31 August 2021



Factors for Influenza Deaths in ICUs, EU • ofid • 7

experts have contributed to this work on behalf of the Spanish Influenza 
Surveillance System. Dutch experts have contributed to this work on be-
half of the Dutch SARI influenza surveillance partners. We are grateful 
for the review and helpful comments on the manuscript provided by Ana 
Paula Rodrigues, Paulo Nogueira, Gonçalo Figueiredo Augusto, Gé Donker, 
Tomás Vega Alonso, and Daniel Lévy-Bruhl.

Disclaimer. The authors alone are responsible for the views expressed in 
this article, and they do not necessarily represent the views, decisions, or 
policies of the institutions with which they are affiliated.

Financial support. This work was funded by an internal ECDC budget.
Potential conflicts of interest. All authors: No reported conflicts of in-

terest. All authors have submitted the ICMJE Form for Disclosure of 
Potential Conflicts of Interest. 

References
1. Nair H, Brooks WA, Katz M, et al. Global burden of respiratory infections due 

to seasonal influenza in young children: a systematic review and meta-analysis. 
Lancet 2011; 378:1917–30.

2. Fineberg HV. Pandemic preparedness and response–lessons from the H1N1 in-
fluenza of 2009. N Engl J Med 2014; 370:1335–42.

3. Hayward AC, Fragaszy EB, Bermingham A, et al.; Flu Watch Group. Comparative 
community burden and severity of seasonal and pandemic influenza: results of 
the Flu Watch cohort study. Lancet Respir Med 2014; 2:445–54.

4. de Francisco Shapovalova N, Donadel M, Jit M, Hutubessy R. A systematic review 
of the social and economic burden of influenza in low- and middle-income coun-
tries. Vaccine 2015; 33:6537–44.

5. Iuliano AD, Roguski KM, Chang HH, et al.; Global Seasonal Influenza-associated 
Mortality Collaborator Network. Estimates of global seasonal influenza-
associated respiratory mortality: a modelling study. Lancet 2018; 391:1285–300.

6. Snacken  R, Brown  C. New developments of influenza surveillance in Europe. 
Euro Surveill 2015; 20. Available at: https://www.eurosurveillance.org/
content/10.2807/ese.20.04.21020-en

7. Dunning J, Baillie JK, Cao B, Hayden FG; International Severe Acute Respiratory 
and Emerging Infection Consortium (ISARIC). Antiviral combinations for severe 
influenza. Lancet Infect Dis 2014; 14:1259–70.

8. Hayden FG, de Jong MD. Emerging influenza antiviral resistance threats. J Infect 
Dis 2011; 203:6–10.

9. World Health Organization. Global Epidemiological Surveillance Standards for 
Influenza. Available at: http://www.who.int/influenza/resources/documents/WHO_
Epidemiological_Influenza_Surveillance_Standards_2014.pdf?ua=1. Accessed 17 
September 2017.

10. European Centre for Disease Prevention and Control (ECDC). Seasonal influ-
enza vaccination in Europe; Vaccination recommendations and coverage rates 
in the EU Member States for eight influenza seasons, 2007–2008 to 2014–2015. 
Stockholm: ECDC; 2017.

11. Meerhoff TJ, Simaku A, Ulqinaku D, et al. Surveillance for severe acute respira-
tory infections (SARI) in hospitals in the WHO European region - an explora-
tory analysis of risk factors for a severe outcome in influenza-positive SARI cases. 
BMC Infect Dis 2015; 15:1.

12. Zolotusca L, Jorgensen P, Popovici O, et al. Risk factors associated with fatal influenza, 
Romania, October 2009-May 2011. Influenza Other Respir Viruses 2014; 8:8–12.

13. Zhang Q, Ji W, Guo Z, et al. Risk factors and outcomes for pandemic H1N1 influ-
enza compared with seasonal influenza in hospitalized children in China. Can J 
Infect Dis Med Microbiol 2012; 23:199–203.

14. Van Kerkhove MD, Vandemaele KA, Shinde V, et al.; WHO Working Group for 
Risk Factors for Severe H1N1pdm Infection. Risk factors for severe outcomes fol-
lowing 2009 influenza A (H1N1) infection: a global pooled analysis. PLoS Med 
2011; 8:e1001053.

15. Mertz D, Kim TH, Johnstone J, et al. Populations at risk for severe or complicated 
influenza illness: systematic review and meta-analysis. BMJ 2013; 347:f5061.

16. Bonmarin I, Belchior E, Bergounioux J, et al. Intensive care unit surveillance of 
influenza infection in France: the 2009/10 pandemic and the three subsequent 
seasons. Euro Surveill 2015; 20. Available at: https://www.eurosurveillance.org/
content/10.2807/1560-7917.ES.2015.20.46.30066

17. Karlsson  EA, Marcelin  G, Webby  RJ, Schultz-Cherry  S. Review on the impact 
of pregnancy and obesity on influenza virus infection. Influenza Other Respir 
Viruses 2012; 6:449–60.

18. Skowronski DM, De Serres G. Is routine influenza immunization warranted in 
early pregnancy? Vaccine 2009; 27:4754–70.

19. European Centre for Disease Prevention and Control (ECDC). Influenza 
surveillance in Europe, Season 2013–14. ECDC Surveillance Report 2014. 
Available at: https://www.ecdc.europa.eu/sites/default/files/media/en/

publications/Publications/Influenza-2013-14-season-report.pdf. Accessed 30 
September 2017.

20. European Centre for Disease prevention and Control (ECDC). Risk assessment of 
seasonal influenza, EU/EEA, 2016/2017, 24 December 2016. Available at: https://
www.ecdc.europa.eu/en/publications-data/risk-assessment-seasonal-influenza-
eueea-20162017-24-december-2016. Accessed 29 November 2017.

21. European Centre for Disease prevention and Control (ECDC). Risk assessment 
update: seasonal influenza, EU/EEA, 2016–2017. Available at: https://ecdc.
europa.eu/en/publications-data/risk-assessment-update-seasonal-influenza-
eueea-2016–2017. Accessed 29 November 2017.

22. Snacken R, Zucs P, Brown C, et al. Influenza surveillance in Europe. Eur J Public 
Health 2011; 21:674–5.

23. World Health Organization Regional Office for Europe and European Centre for 
Disease Prevention and Control. Influenza Surveillance Country, Territory and 
Area Profiles 2017. Available at: http://www.euro.who.int/__data/assets/pdf_
file/0007/356119/InfluenzaSurveillanceProfiles_2017_en.pdf?ua=1. Accessed 4 
March 2018.

24. World Health Organization Regional Office for Europe and European Centre for 
Disease Prevention and Control. Flu News Europe Joint ECDC-WHO/Europe 
weekly influenza update, System description. Available at: http://flunewseurope.
org/system. Accessed 6 March 2018.

25. Barros  AJ, Hirakata  VN. Alternatives for logistic regression in cross-sectional 
studies: an empirical comparison of models that directly estimate the prevalence 
ratio. BMC Med Res Methodol 2003; 3:21.

26. World Health Organization Regional Office for Europe. Influenza surveillance 
country profiles of WHO European Region Member States. 2017; Available 
at: http://www.euro.who.int/en/health-topics/communicable-diseases/influ-
enza/surveillance-and-lab-network/influenza-surveillance-country-profiles/
influenza-surveillance-country-profiles-of-who-european-region-member-
states. Accessed 12 February 2018.

27. Snacken R, Quinten C, Devaux I, et al. Surveillance of hospitalised severe cases 
of influenza A(H1N1)pdm09 and related fatalities in nine EU countries in 2010-
2011. Influenza Other Respir Viruses 2012; 6:e93–6.

28. Vestergaard  LS, Nielsen  J, Krause TG, et  al. Excess all-cause and influenza-
attributable mortality in Europe, December 2016 to February 2017. Euro Surveill 
2017; 22. Available at: https://www.eurosurveillance.org/content/10.2807/1560-7917.
ES.2017.22.14.30506

29. Viboud  C, Miller  M, Olson  D, Osterholm  M, Simonsen  L. Preliminary esti-
mates of mortality and years of life lost associated with the 2009 A/H1N1 pan-
demic in the US and comparison with past influenza seasons. PLoS Curr. 2010; 
2:RRN1153.

30. Hartman L, Zhu Y, Edwards KM, et al. Underdiagnosis of influenza virus infec-
tion in hospitalized older adults. J Am Geriatr Soc 2018; 66:467–72.

31. Coleman BL, Fadel SA, Fitzpatrick T, Thomas SM. Risk factors for serious out-
comes associated with influenza illness in high- versus low- and middle-income 
countries: Systematic literature review and meta-analysis. Influenza Other Respir 
Viruses 2018; 12:22–9.

32. European Centre for Disease Prevention and Control (ECDC). Seasonal influ-
enza vaccination in Europe, Overview of vaccination recommendations and cov-
erage rates in the EU Member States for the 2012–13 influenza season. Technical 
Report. Available at: https://www.ecdc.europa.eu/en/publications-data/seasonal-
influenza-vaccination-europe-vaccination-recommendations-and-coverage. 
Accessed 7 July 2016.

33. European Centre for Disease Prevention and Control (ECDC). Seasonal influ-
enza vaccination and antiviral use in Europe, Overview of vaccination recom-
mendations and coverage rates in the EU Member States for the 2013–14 and 
2014–15 influenza seasons. Technical Report. Available at: http://ecdc.europa.
eu/en/publications/Publications/Seasonal-influenza-vaccination-antiviral-use-
europe.pdf. Accessed 15 July 2016.

34. Cohen C, Moyes J, Tempia S, et al. Severe influenza-associated respiratory infec-
tion in high HIV prevalence setting, South Africa, 2009-2011. Emerg Infect Dis 
2013; 19:1766–74.

35. Cohen C, Simonsen L, Sample J, et al. Influenza-related mortality among adults 
aged 25-54 years with AIDS in South Africa and the United States of America. 
Clin Infect Dis 2012; 55:996–1003.

36. Martin-Loeches I, Díaz E, Vidaur L, et al.; H1N1 SEMICYUC/REIPI/CIBERES 
Working group. Pandemic and post-pandemic influenza A (H1N1) infection in 
critically ill patients. Crit Care 2011; 15:R286.

37. European Centre for Disease Prevention and Control. HIV/AIDS Surveillance in 
Europe 2017–2016 Data. Stockholm: 2017. Available at: https://www.ecdc.europa.
eu/en/publications-data/hivaids-surveillance-europe-2017-2016-data

38. Remschmidt  C, Wichmann  O, Harder  T. Influenza vaccination in HIV-
infected individuals: systematic review and assessment of quality of evi-
dence related to vaccine efficacy, effectiveness and safety. Vaccine 2014; 
32:5585–92.

D
ow

nloaded from
 https://academ

ic.oup.com
/ofid/article/6/11/ofz462/5608594 by guest on 31 August 2021

https://www.eurosurveillance.org/content/10.2807/ese.20.04.21020-en
https://www.eurosurveillance.org/content/10.2807/ese.20.04.21020-en
http://www.who.int/influenza/resources/documents/WHO_Epidemiological_Influenza_Surveillance_Standards_2014.pdf?ua=1
http://www.who.int/influenza/resources/documents/WHO_Epidemiological_Influenza_Surveillance_Standards_2014.pdf?ua=1
https://www.eurosurveillance.org/content/10.2807/1560-7917.ES.2015.20.46.30066
https://www.eurosurveillance.org/content/10.2807/1560-7917.ES.2015.20.46.30066
https://www.ecdc.europa.eu/sites/default/files/media/en/publications/Publications/Influenza-2013-14-season-report.pdf
https://www.ecdc.europa.eu/sites/default/files/media/en/publications/Publications/Influenza-2013-14-season-report.pdf
https://www.ecdc.europa.eu/en/publications-data/risk-assessment-seasonal-influenza-eueea-20162017-24-december-2016
https://www.ecdc.europa.eu/en/publications-data/risk-assessment-seasonal-influenza-eueea-20162017-24-december-2016
https://www.ecdc.europa.eu/en/publications-data/risk-assessment-seasonal-influenza-eueea-20162017-24-december-2016
https://ecdc.europa.eu/en/publications-data/risk-assessment-update-seasonal-influenza-eueea-2016–2017
https://ecdc.europa.eu/en/publications-data/risk-assessment-update-seasonal-influenza-eueea-2016–2017
https://ecdc.europa.eu/en/publications-data/risk-assessment-update-seasonal-influenza-eueea-2016–2017
http://www.euro.who.int/__data/assets/pdf_file/0007/356119/InfluenzaSurveillanceProfiles_2017_en.pdf?ua=1
http://www.euro.who.int/__data/assets/pdf_file/0007/356119/InfluenzaSurveillanceProfiles_2017_en.pdf?ua=1
http://flunewseurope.org/system
http://flunewseurope.org/system
http://www.euro.who.int/en/health-topics/communicable-diseases/influenza/surveillance-and-lab-network/influenza-surveillance-country-profiles/influenza-surveillance-country-profiles-of-who-european-region-member-states
http://www.euro.who.int/en/health-topics/communicable-diseases/influenza/surveillance-and-lab-network/influenza-surveillance-country-profiles/influenza-surveillance-country-profiles-of-who-european-region-member-states
http://www.euro.who.int/en/health-topics/communicable-diseases/influenza/surveillance-and-lab-network/influenza-surveillance-country-profiles/influenza-surveillance-country-profiles-of-who-european-region-member-states
http://www.euro.who.int/en/health-topics/communicable-diseases/influenza/surveillance-and-lab-network/influenza-surveillance-country-profiles/influenza-surveillance-country-profiles-of-who-european-region-member-states
https://www.eurosurveillance.org/content/10.2807/1560-7917.ES.2017.22.14.30506
https://www.eurosurveillance.org/content/10.2807/1560-7917.ES.2017.22.14.30506
https://www.ecdc.europa.eu/en/publications-data/seasonal-influenza-vaccination-europe-vaccination-recommendations-and-coverage
https://www.ecdc.europa.eu/en/publications-data/seasonal-influenza-vaccination-europe-vaccination-recommendations-and-coverage
http://ecdc.europa.eu/en/publications/Publications/Seasonal-influenza-vaccination-antiviral-use-europe.pdf
http://ecdc.europa.eu/en/publications/Publications/Seasonal-influenza-vaccination-antiviral-use-europe.pdf
http://ecdc.europa.eu/en/publications/Publications/Seasonal-influenza-vaccination-antiviral-use-europe.pdf
https://www.ecdc.europa.eu/en/publications-data/hivaids-surveillance-europe-2017-2016-data
https://www.ecdc.europa.eu/en/publications-data/hivaids-surveillance-europe-2017-2016-data


8 • ofid • Adlhoch et al

39. López-Aldeguer  J, Iribarren  JA, Valencia  E, et  al.; GESIDA 6409 Study Group. 
Outcomes in HIV-infected patients admitted due to pandemic influenza. Enferm 
Infecc Microbiol Clin 2012; 30:608–12.

40. Myles P, Nguyen-Van-Tam JS, Semple MG, et al.; Influenza Clinical Information 
Network FLU-CIN. Differences between asthmatics and nonasthmatics hospital-
ised with influenza A infection. Eur Respir J 2013; 41:824–31.

41. European Centre for Disease prevention and Control (ECDC). Expert 
Opinion on Neuraminidase Inhibitors for the Prevention and Treatment 
of Influenza – Review of Recent Systematic Reviews and Meta-Analyses. 
Stockholm: 2017. Available at: https://www.ecdc.europa.eu/en/publications-
data/expert-opinion-neuraminidase-inhibitors-prevention-and-treatment-
influenza-review

D
ow

nloaded from
 https://academ

ic.oup.com
/ofid/article/6/11/ofz462/5608594 by guest on 31 August 2021

https://www.ecdc.europa.eu/en/publications-data/expert-opinion-neuraminidase-inhibitors-prevention-and-treatment-influenza-review
https://www.ecdc.europa.eu/en/publications-data/expert-opinion-neuraminidase-inhibitors-prevention-and-treatment-influenza-review
https://www.ecdc.europa.eu/en/publications-data/expert-opinion-neuraminidase-inhibitors-prevention-and-treatment-influenza-review

