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Background: Timely treatment with neuraminidase
inhibitors (NAI) can reduce severe outcomes in influ-
enza patients. Aim: We assessed the impact of antiviral
treatment on in-hospital deaths of laboratory-con-
firmed influenza patients in 11 European Union coun-
tries from 2010/11 to 2019/20. Methods: Case-based
surveillance data from hospitalised patients with
known age, sex, outcome, ward, vaccination status,
timing of antiviral treatment, and hospitalisation were
obtained. A mixed effect logistic regression model
using country as random intercept was applied to
estimate the adjusted odds ratio (aOR) for in-hospital
death in patients treated with NAls vs not treated.
Results: Of 19,937 patients, 31% received NAls within
48 hours of hospital admission. Older age (60-79 years
aoR 3.0, 95% Cl: 2.4-3.8; 8oyears 8.3 (6.6—10.5)) and
intensive care unit admission (3.8, 95% Cl: 3.4-4.2)
increased risk of dying, while early hospital admission
after symptom onset decreased risk (aOR 0.91, 95% Cl:
0.90-0.93). NAI treatment initiation within 48 hours
and up to 7 days reduced risk of dying (0—48 hours aOR
0.51, 95% Cl: 0.45-0.59; 3—4 days 0.59 (0.51-0.67);
5—7 days 0.64 (0.56—-0.74)), in particular in patients 40
years and older (e.g. treatment within 48 hours: 40-59
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years aOR 0.43, 95% Cl: 0.28-0.66; 60-79 years 0.50
(0.39-0.63); 280years 0.51 (0.42-0.63)). Conclusion:
NAI treatment given within 48 hours and possibly
up to 7 days after symptom onset reduced risk of in-
hospital death. NAI treatment should be considered in
older patients to prevent severe outcomes.

Introduction

Influenza viruses pose a continuous threat to pub-
lic health due to their ability to cause epidemics and
pandemics [1,2]. Therefore, global surveillance is in
place to constantly monitor and assess the epidemio-
logical situation. The World Health Organization (WHO)
emphasises the need to monitor the clinical sever-
ity of infected persons and collect data on underly-
ing comorbidities to identify risk groups or conditions
contributing to severity and mortality [3]. In addition
to underlying conditions, virus type and age contribute
to disease progression. Severity and impact of annual
influenza epidemics are key factors used to assess the
seasonal situation and guide interventions. Influenza-
associated hospitalisations and fatalities are impor-
tant indicators of the epidemiological situation and
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these data are routinely used by clinicians and public
health experts to guide preventive measures.

Besides the availability of seasonal influenza vaccines
that are updated annually, antiviral treatment with
neuraminidase inhibitors (NAI) such as oseltamivir and
zanamivir, M2 blockers (amantadine or rimantadine)
or a cap-dependent endonuclease inhibitor (baloxavir
marboxil) are available in Europe [4-9]. However, all
seasonal influenza viruses are resistant to M2 block-
ers so this treatment option is not available. Baloxavir
marboxil received market authorisation in Europe
in January 2021 and has shown to shorten the dura-
tion of symptoms as well as prevent infections when
given prophylactically [5]. Clinical studies have shown
that oseltamivir and zanamivir shorten the duration
of symptoms and the length of stay in hospitalised
patients, prevent death in hospitalised patients with
severe disease and possibly reduce influenza virus
transmission [10-15]. Despite the documented benefits
of antiviral treatment, it is infrequently prescribed for
out-patient influenza cases. However, treatment is
common in hospital settings [16-18].

European countries report case-based surveillance
data on hospitalised influenza patients on a weekly
basis to The European Surveillance System (TESSy)
hosted at the European Centre for Disease Prevention
and Control (ECDC). Data are analysed and basic indi-
cators are published weekly in an aggregated form
during the influenza season at www.FluNewsEurope.
org [19]. In a more detailed study, these data have been
used to assess the impact of underlying conditions on
severe outcome but not to address the impact of anti-
viral treatment [20]. Improved reporting and data com-
pleteness has enabled the inclusion of these data into
this analysis.

This study aims to assess the impact of antiviral treat-
ment on in-hospital deaths of laboratory-confirmed
influenza patients. These findings are important for
public health communication and in guiding targeted
prevention strategies of hospitalised severely ill
patients.

Methods

Data and variables

The ECDC collects weekly case-based data on hospi-
talised laboratory-confirmed influenza cases from
European Union (EU) and European Economic Area
(EEA) countries through TESSy. Hospital surveillance
and data collection are organised nationally by each
country’s respective public health authorities. The pub-
lic health authorities then report these data to TESSy
following the outlined variables in the reporting proto-
col. However, the reporting protocol does not provide
detailed clinical criteria for reporting underlying condi-
tions, and only broadly states how to report underlying
conditions such as chronic kidney disease, leaving it
to individual countries to control the reporting. These

data were downloaded from TESSy in week 34 2021
(snapshot 23 August 2021).

The weekly reported data contains the following vari-
ables for analysis: age, sex, onset of symptoms (if
missing, date of notification), date of hospitalisation,
virus (sub)type, antiviral treatment (none, oseltamivir,
zanamivir, both, other), date of antiviral treatment,
influenza vaccination status (for respective season),
hospital ward (non-intensive care or intensive care
units (ICU)), underlying conditions (asthma, cancer,
diabetes, chronic heart, kidney, liver or lung disease,
HIV/immunosuppression, neurocognitive or neuromus-
cular disease, obesity (body mass index (BMI) of 30
to<40 kg/m?) or morbid obesity (BMI=40 kg/m?), preg-
nancy or other conditions (other diseases, smoking,
genetic conditions e.g. trisomy), clinical complications
(acute respiratory distress syndrome (ARDS), bron-
chitis, encephalitis, myocarditis, pneumonia, sepsis,
other), date of discharge or death, and outcome (death
or recovery). We combined underlying conditions (obe-
sity and morbid obesity, neuromuscular and neurocog-
nitive disorders, asthma and lung) when the numbers
were small. Data inclusion and management of the
free text field used is detailed in the Supplementary
material.

Time between hospital admission and either discharge
or death was used to calculate the duration of hospi-
talisation. The number of days between onset of symp-
toms and hospitalisation was calculated as well as the
number of days between onset of antiviral treatment
and hospitalisation. Initiation of antiviral treatment
was calculated in relation to symptom onset. We clas-
sified the time points of antiviral treatment after symp-
tom onset and used periods of within 48 hours, after
3-4 days, 5—7 days or>7 days.

Inclusion and exclusion criteria

Data reported during each influenza season between
weeks 40 and 20 were included starting from week
40 2010 and ending week 20 2020. No hospitalised
patient was reported during the 2020/21 season due
to the impact of the coronavirus disease (COVID-19)
pandemic. The analysis included only cases with com-
plete reporting on sex, age, antiviral treatment, hos-
pital ward, influenza vaccination status and outcome.
The analysis included laboratory confirmed influenza
cases reported as influenza A unsubtyped, A(H1N1)
pdmog, A(H3N2) or type B without lineage, B/Victoria
or B/Yamagata virus.

We excluded cases with hospitalisation or treatment
initiation date before symptom onset (<o days), or »21
days after symptom onset. Also excluded were cases
where antiviral treatment, onset of treatment, hospital
ward, outcome or vaccination status was reported as
’unknown’ or ’other’.
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What did you want to address in this study?

We aimed to provide more evidence of the effect and timing of antiviral treatment on severity and outcome
in hospitalised patients with influenza virus by using routine surveillance data over a 10-season period.
This knowledge should provide guidance and improve the clinical treatment of influenza patients with or
without underlying conditions and clinical complications.

What have we learnt from this study?

Influenza can be severe, and early treatment opportunities to prevent severe outcomes were possibly
missed. Of the hospitalised patients, 28% required intensive care and 14% died. While the majority (78%)
of patients were given neuraminidase inhibitors, only 58% received antiviral treatment within the first 4
days and 30% within the first 48 hours as recommended.

What are the implications of your findings for public health?

Our results support the role of antiviral treatment in hospitalised patients with laboratory-confirmed
influenza. Antiviral treatment was found to reduce the risk of in-hospital death when given early after

influenza virus confirmation, but even when the 48-hour window after symptom onset has passed.

—\_

Statistical analysis

The primary outcome measure was reported in-hos-
pital death, and patients treated with antivirals were
compared to untreated patients.

We performed a descriptive analysis of the pooled
data and statistics included absolute numbers, mean,
median and relative frequencies of each variable. A
two-sided chi-squared test was used for categorical
variables and continuous variables were compared
using two-sided Student’s t-test (Wilcoxon rank-sum
test when normality was not met).

We compared cases with antiviral treatment (oseltami-
vir, zanamivir or both) to untreated and stratified the
time point of the antiviral treatment (within 48 hours
or after 3—4 days, 5—7 days or=7 days after symptom
onset). We performed a stratified analysis by age
group and hospital ward (ICU vs non-ICU). Additional
post-hoc analyses to the original study protocol were
performed.

To identify significant determinants for fatal outcome,
a multivariable mixed-effect logistic regression model
was fitted using country as random intercept and sex,
age group, influenza subtype, hospital ward and time
of hospital admission as covariables. An analysis was
performed to assess determinants for fatal outcome
(death) known to impact mortality (lung, heart, kid-
ney, liver disease, HIV/immunosuppression, cancer,
diabetes, obesity, neuromuscular/cognitive disorders,
ARDS, pneumonia and sepsis) and included a compari-
son of cases that received antiviral treatment within
48 hours after symptom onset to later treatment. The
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majority of vaccinated cases (89%, 5,732/6,417) were
60 years or older which is in accordance with the rec-
ommendation that people 65 years or older and risk
groups with underlying conditions such as respira-
tory, cardiovascular, hepatic, renal, or neurological
diseases, HIV/immunosuppression, metabolic or hae-
matological disorders as well as morbid obesity be
vaccinated [21]. Therefore, vaccination status was only
included in the age-stratified and determinants analy-
sis. To assess the effect of pregnancy, the dataset was
restricted to womenz14 to 49 years of age in a sub-
analysis. Adjusted (for country as random intercept)
odds ratios (@OR) and 95% confidence intervals (Cl)
were calculated. P values<o.o5 were considered sig-
nificant. Stata 17 (StataCorp, College Station, United
States) was used for all statistical analysis.

Sensitivity analysis

We used three different approaches. Firstly, we pro-
pensity matched cases by age, sex, ICU or non-ICU
admission and reporting country to balance between
the treated and untreated group, and analysed with a
conditional logistic regression. Secondly, we excluded
the Spanish data to account for a country dominant
effect and thirdly, we recoded excluded cases with
missing data on antiviral treatment to include them
as untreated. A mixed-effect logistic regression model
including the country as random intercept was used for
analysis (Supplementary Figure F5 showing the flow
chart of the recoded analysis and Tables Tg-T1i2 the
results of the matched (with or without Spanish data)
and recoded logistic regression analysis).
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FIGURE 1

Flowchart of the included and excluded data on
laboratory-confirmed hospitalised influenza patients,
11 European Union countries, influenza seasons
2010/11-2019/20

Patients admitted to hospitals with laboratory-confirmed influenza virus infection
week 40-week 20 each season
20 countries

(n=106,684)

Patients with known age, sex, viral (sub)type, hospital unit type, and outcome
excluding ‘other antiviral treatment

(n=83,880)

Patients with known vaccination status, antiviral treatment with

onset of treatment and hospitalisation day 0-21 after onset of symptoms
11 countries
(n=19,937)
Non-ICU patients ICU patients
(n=14,392) (n=5,545)

ICU: intensive care unit.

Participating European Union countries: Austria, Belgium, Czechia,
Ireland, Malta, the Netherlands, Portugal, Romania, Slovakia,
Spain, Sweden.

Results

Of 106,684 cases reported from hospital settings,
19,937 fulfilled the inclusion criteria (Figure 1). Cases
were reported from 11 countries (Austria, Belgium,
Czechia, Ireland, Malta, the Netherlands, Portugal,
Romania, Slovakia, Spain, Sweden) between 2010/11
and 2019/20. The level of reporting varied by each
country each year, with Spain reporting 83% of cases.
The Supplementary Table Ti1 shows the reported
recovered and fatal cases by countries and year.
Slightly more men than women were included (53.5%
Vs 46.5%) and the mean age of all cases was 60 years
(median 67, Table 1). Men were slightly younger than
women (median 66 vs 68 years, p<0.001).

Of the hospitalised patients, 27.8% (h = 5,545) were
admitted to ICU, with some countries reporting ICU
cases only. A higher proportion of men than women
(57.9% vs 42.1%) were admitted to ICU compared to
non-ICU (51.8 vs 48.2%) (p<0.0001). A higher propor-
tion of patients died in the ICU compared with non-I1CU
(23.1% Vs 10.8%, p<0.0001).

The median time between symptom onset and hos-
pitalisation was 3.6 days and was slightly shorter in
fatal cases than in survivors (3.3 vs 3.8 days). Duration
of hospitalisation was available for 1,930 (9.7%) of
patients, with a median stay of 7 days (mean 11 days)
(Table 1). Duration was similar for men and women
(p=0.15) and for patients with influenza A and B
virus infection (p=o0.27). However, duration of hospi-
tal stay was significantly longer for patients who died
(median 8 days) compared with those who recovered
(median 6 days, p<o.0001) as well as for patients
in the ICU (median 10 days) compared with non-ICU

patients (median: 6 days; p<0.0001, Supplementary
Table T3 providing a descriptive overview of patient
characteristics stratified by ICU and non-ICU ward).

In-hospital death was reported for 14.2% (2,840) of
patients, and 54.9% of these deaths were in non-ICU.
Patients who died were significantly older than those
who survived (median age 76 vs 65 years, p<0.0001).
Of those who died, 54.4% (1,544) were male, which
was a similar proportion to the group that recovered
(53.3%, p=0.3) (Table 1).

Vaccinated patients were older than unvaccinated
(mean age: 75.4 vs 52.7 years, p<0.0001). Of the 5,732
vaccinated cases, 89% were 60 years or older and 48%
were 80 years or older.

Influenza virus type, subtype or lineage
Influenza A virus infection was detected in 80.7%
of patients (Table 1). Among the 9,096 patients with
known influenza A virus subtype, slightly more A(H1N1)
pdmog (58.7%) than A(H3N2) (42.3%) virus infections
were reported. The vast majority of influenza type B
viruses (91.2%, 3,513/3,850) were reported without lin-
eage; 333 infections were reported as B/Yamagata and
four as B/Victoria so all influenza type B virus cases
were pooled for further analysis. The lowest propor-
tion of influenza type B compared with influenza type
A viruses was observed in 40-59-year-olds (13.5%)
and 20-39-year-olds (15.6%), while the highest was
seen in the youngest (0—19 years, 23.0%) and oldest
age group (= 8oyears, 22.5%). The highest proportion
of cases due to influenza A(H3N2) virus infection were
in patients 8o years or older (26.3%) while the highest
proportion of cases with A(HiN1)pdmog virus infec-
tion were patients 20-39 years old (44.7%) and 40-59
years old (41.5%).

The virus distribution among patients in the ICU and
non-ICU was different, with a lower proportion of influ-
enza type B (16.6% vs 20.4%) and A(H3N2) viruses
(16.6% vs 19.7%) and higher proportion of A(H1N1)
pdmog (35.3% vs 23.5%, p<0.0001) in patients admit-
ted to the ICU than non-ICU patients, respectively
(Supplementary Table T3 providing a descriptive
overview of patient characteristics stratified by ICU
and non-ICU ward). Patients who were admitted to the
ICU were younger than those in non-ICU wards (mean
age 54.3 VS 62.2 years, p<0.0001).

Antiviral treatment

Overall, 78.1% of patients admitted to hospital received
antiviral treatment. Of these, 98.3% received oseltami-
vir, a few cases were treated with zanamivir (0.3%)
or a combination of both (0.1%), and 206 (1.3%) had
unspecified antiviral treatment. The highest proportion
receiving antiviral treatment (86.8%) was in patients
aged 40-59 years (Figure 2). About one third (31%) of
patients received NAls within 48 hours, 58% received
NAls within the first 4 days and 84% within 7 days
of symptom onset (Supplementary Table T2 showing
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TABLE 1

Risk and protective factors for fatal outcome among hospitalised patients with influenza virus infections, descriptive and
multivariable analysis, 11 European Union countries, influenza seasons 2010/11-2019/20

Outcome Multivariable analysis
VEUELIES Recovered
% aOR 95% ClI
Sex
Female 7,982 46.7% 1,296 45.6% 9,278 46.5% Ref.
Male 9,115 53.3% 1,544 54.4% 10,659 53.5% 1.06 | 0.98-1.16
Age group (years)
0-19 2,323 13.6% 54 1.9% 2,377 11.9% 0.292 | 0.20-0.41
20-39 1,253 7.3% 98 3.5% 1,351 6.8% Ref.
40-59 3,573 20.9% 416 14.6% 3,989 20.0% 1.552 1.22-1.97
60-79 5,903 34.5% 1,070 37.7% 6,973 35.0% 2.99° 2.38-3.76
2 80 4,045 23.7% 1,202 42.3% 5,247 26.3% 8.32° 6.57-10.54
Influenza virus
Type B 3,317 19.4% 533 18.8% 3,850 19.3% Ref.
A(HiN1)pdmog 4,511 26.4% 830 29.2% 5,341 26.8% 1.31° 1.15-1.50
A(H3N2) 3,154 18.4% 601 21.2% 3,755 18.8% 0.99 0.87-1.14
A unsubtyped 6,115 35.8% 876 30.8% 6,991 35.1% 0.88° 0.78-1.00
Vaccination®
Not vaccinated 11,790 69.0% 1,730 60.9% 13,520 67.8% NA NA
Vaccinated 5,307 31.0% 1,110 39.1% 6,417 32.2% NA NA
Hospital unit
Non-ICU 12,832 75.1% 1,560 54.9% 14,392 72.2% Ref.
ICU 4,265 24.9% 1,280 45.1% 5,545 27.8% 3.76 3.40-4.17
AV treatment
No treatment 3,687 21.6% 626 22.0% 4,313 21.6% NA NA
Oseltamivir, zanamivir or both 13,410 78.4% 2,214 78.0% 15,624 78.4% NA NA
Timing of AV treatment
No treatment 3,687 21.8% 626 22.3% 4,313 21.9% Ref.
Within 2 days 4,067 24.0% 700 25.0% 4,767 24.2% 0.51% 0.45-0.59
3-4 days 3,618 21.4% 584 20.8% 4,202 21.3% 0.59? 0.51-0.67
5—7 days 3,520 20.8% 523 18.7% 4,043 20.5% 0.64° 0.56-0.74
»7 days 2,038 12.0% 368 13.1% 2,406 12.2% 1.00 0.85-1.19
Mean Median Mean Median Mean Median
Timing of hospitalisation aOR | 95% Cl
(SD) (IQR) (SD) (IQR) (SD) (IQR)
58.0 65 72.2 76 60.0 67
Age in years NA NA
(26.8) (34) (17.9) (23) (26.2) (32)
Time between onset of symptoms and 3-8 3 33 3 3.7 3 0.91° 0.90—
hospitalisation in days (.1) 3) 3.0) @) G.1) ) ’ 0.93
9.6 6 14.0 8 11.0 7
Duration of hospitalisation in days NA NA
(11.9) (8) (20.7) (12) (15.2) (10)
Tim_e.between onset of symptoms and 4.6 4 46 4 46 4 NA NA
antiviral treatment in days G.5) A (.7) ) (3.5) )

aOR: adjusted odds ratios using a mixed effect model adjusted for country as random intercept; AV: antiviral; Cl: confidence interval; HIV/
immunos.: HIV infection or immunosuppression; ICU: Intensive care unit; IQR: interquartile range; NA: not analysed; Ref.: reference group;

SD: standard deviation.
2p<0.001.
® p<o0.05.

¢ Only included in age group stratified analysis because it is only recommended for risk groups and»65-year-olds [21].
Participating European Union countries: Austria, Belgium, Czechia, Ireland, Malta, the Netherlands, Portugal, Romania, Slovakia, Spain,

Sweden.
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FIGURE 2

Number and proportion (%) of hospitalised influenza
patients receiving antiviral treatment by age group,
11 European Union countries, influenza seasons
2010/11-2019/20

8,000
7,000
6,000

5,000

4,000

3,000

2,000

1,000 -
o

0-19 20-39 40-59 60-79 280

Number of patients

Age group (years)

[ Oseltamivir, zanamivir or both Il No treatment

Participating European Union countries: Austria, Belgium, Czechia,
Ireland, Malta, the Netherlands, Portugal, Romania, Slovakia,
Spain, Sweden.

a descriptive overview of patient characteristics by
NAI treatment or no treatment). A small proportion of
patients received NAI treatment before being admitted
to hospital (4.9%, 769/15,628). The treatment started a
median of 4 days (mean 4.6 days) after symptom onset
(Table 1). A higher proportion of ICU patients were NAI-
treated compared with non-ICU patients (85.6% vs
75.3%, pP<0.00001).

Multivariable analysis

Increasing age had a statically significant impact on
patient outcome with children and young adults (0—-19
years) less likely to die compared with the reference
group of 20-39-year-olds. Additionally, patients 8o
years or older had 8.32 times higher odds of dying
(Table 1). The earlier people were admitted to hospi-
tal after symptom onset, the less likely they were to
die (@OR 0.91, 95% Cl: 0.90-0.93), while admission to
ICU and influenza A(H1N1)pdmog virus infections were
associated with an increased risk of dying (@aOR 3.76,
95% Cl: 3.4-4.2 and aOR 1.3, 95% Cl: 1.2—-1.5, respec-
tively). Neuraminidase inhibitor treatment initiated up
to 7 days after symptom onset was associated with a
lower risk of death compared with untreated cases, and
later treatment commencement showed no effect. The
risk of in-hospital death was lower in all NAl-treated
patients compared with untreated (@OR 0.62, 95%Cl:
0.56-0.80, model run without treatment timing).

Stratified analysis by age group and hospital
ward

An age group stratified analysis confirmed that ICU
admission was strongly associated with risk of death
across all age groups (Table 2). Infection with influenza
A(HiN1)pdmog virus was identified as a risk factor in
0-19 and 40-59-year-olds. Earlier hospitalisation after
symptom onset was protective in all age groups apart
from the youngest. While antiviral treatment had no
impact on outcome in 0—19 and 20-39-year-olds, treat-
ment lowered the risk of death when initiated up to 7
days after onset of symptoms in all other age groups,
and even after 7 days for patients 8o years or older.

Vaccination, included in the oldest age groups, did not
show any effect on outcome.

The hospital ward-stratified analysis showed com-
parable results between ICU and non-ICU admitted
patients, and the pooled analysis showed increasing
age increased risk of death, and antiviral treatment
initiation up to 7 days after symptom onset had a
protective effect against death (Supplementary Table
T4 showing the results of the multivariable logistic
regression analysis stratified by ICU and non-ICU).
Infection with influenza virus subtype A(HiN1)pdmog
was associated with increased risk of death in patients
admitted to ICU.

Underlying conditions and clinical
complications

Data on underlying conditions were only available
for 4,951 of 19,937 patients (24.8%). Of these, 1,153
patients (23.3%) had no underlying conditions or
complications (Supplementary Tables Ti, Ts and
T7 showing descriptive characteristics of patients
including underlying conditions and complications).
The majority of cases with underlying conditions had
one condition (67%, 2,554), with up to six different
conditions reported in individual patients. Chronic
lung disease was the most reported underlying condi-
tion (Supplementary Tables T1, T5 and T7). For patients
with one or more underlying condition, 3,077 (81.0%)
were discharged from hospital and 721 (19.0%) died.
In contrast, only 8.9% (102/1,153) of patients with no
underlying conditions died (p<0.001). Data on clinical
complications were reported for 17,150 patients and of
these, 9.6% had no complications. Pneumonia was the
most frequently reported clinical complication (75.7%),
followed by ARDS (20.3%) and sepsis (5.1%).

The multivariable analysis including underlying con-
ditions and complications confirmed the effect of
increasing age, ICU admission and influenza virus type
Ainfection on increased risk of death (Table 3). In addi-
tion, chronic liver disease (@aOR 1.8, 95% Cl: 1.1-2.9),
HIV/immunosuppression (@OR 1.6, 95% Cl: 1.1-2.1),
ARDS (aOR 1.8, 95% Cl: 1.3-2.5) and sepsis (@OR 3.3,
95% Cl: 2.0-5.4) also increased the risk of dying.
Antiviral treatment given within 48 hours compared
with later was protective (@OR 0.8, 95% Cl: 0.6-0.9),
as was having chronic lung disease (@OR 0.7, 95% Cl:
0.5-0.9). Pregnancy was not associated with mortality
in women aged 14-49 years (Table 3).

Sensitivity analysis

The matched analysis and recoded approach where
all previously excluded cases with missing antiviral
treatment information were recoded to ‘no treatment’
resulted in an increased (83,000 cases) dataset that
overestimated the non-treated patients. Results are
comparable to the primary model showing a lower like-
lihood of dying in patients treated with NAls up to 7
days (within 48 hours for matched aOR 0.59, 95% Cl:
0.46-0.77 and recoded aOR 0.75, 95% Cl: 0.68- 0.82,
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TABLE 2

Risk of death in hospitalised influenza cases by age group, sex, influenza subtype, timing of antiviral treatment, intensive
care unit admission status, timing of hospitalisation and vaccination status, 11 European Union countries, influenza seasons
2010/11-2019/20

e 0-19 years 20-39 years 40-59 years 60-79 years > 80 years
aOR 95% Cl aOR 95% CI aOR 95% Cl aOR 95% CI aOR 95% CI
Female sex Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref.
Male sex 0.81 0.45-1.46 1.16 | 0.73-1.83 | 1.06 | 0.84-1.33 | 1.16? | 1.00-1.33 | 1.02 [ 0.89-1.16
Influenza virus
Type B Ref. Ref. Ref. Ref. Ref.
A(HiN1)pdmog 2.65° 1.24-5.66 1.23 0.59-2.57 | 2.09" | 1.40-3.13 | 1.18 | 0.95-1.45 | 1.13 |0.90-1.42
A(H3N2) 0.41 0.11-1.54 1.07 0.41-2.81 | 1.48 |0.89-2.45| 0.91 | 0.73-1.14 | 1.01 [0.84-1.22
A unsubtyped 1.05 0.38-2.89 0.89 | 0.38-2.09 | 1.38 | 0.89-2.11 | 0.81* | 0.66-0.99 | 0.85 | 0.72-1.02
Timing of AV treatment
No treatment Ref. Ref. Ref. Ref. Ref.
Within 2 days 1.27 0.55-2.93 1.38 | 0.58-3.29 | 0.43" |0.28-0.66| 0.50° | 0.39-0.63 | 0.51° | 0.42-0.63
3-4 days 1.13 0.46-2.80 1.15 0.48-2.75 | 0.62% | 0.42-0.92 | 0.52° | 0.41-0.65 | 0.60" | 0.49-0.73
5—7 days 1.08 0.36-3.18 1.55 | 0.64-3.78 | 0.64* | 0.43-0.94 | 0.59° | 0.47-0.75 | 0.65° | 0.52-0.81
»7 days 2.90 0.99-8.55 3.02* [1.05-8.68 | 1.16 | 0.75-1.82 | 1.07 | 0.81-1.41 | 0.72% | 0.54—0.96
Non-ICU admission Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref.
ICU admission 13.23° | 6.05-28.92 | 14.75° |7.79-27.92| 6.28" | 4.84-8.14 | 4.13" | 3.56-4.78 | 1.49° | 1.17-1.89

Time between symptom onset and
hospitalisation

No vaccination® Ref. Ref. Ref. Ref. Ref. Ref. Ref.
Vaccination? NA NA NA 1.05 | 0.91-1.22 | 0.91 |0.80-1.04

0.90 0.79-1.04 0.84° | 0.74-0.95 | 0.91° | 0.86-0.95| 0.91° | 0.88-0.94 | 0.93" | 0.90-0.96

aOR: adjusted odds ratios using a mixed effect model adjusted for country as random intercept; AV: antiviral; ICU: intensive care unit; Cl:
confidence interval; NA: not analysed; Ref.: reference.

2 p<0.05.

® p<o.001.

¢p<o.ot.

4 0nly included in the age groups 60-79 and = 80 years that are recommended for seasonal influenza vaccination.

Participating European Union countries: Austria, Belgium, Czechia, Ireland, Malta, the Netherlands, Portugal, Romania, Slovakia, Spain,
Sweden.

respectively), and increased risk of death with A(H1N1) only 30% of patients received it within 48 hours after
pdmog virus infection (for matched aOR 1.57, 95% Cl: symptom onset and 83% within 48 hours after hospi-
1.15-2.14 and recoded aOR 1.44, 95% Cl: 1.34-1.54, talisation, which is in line with data from the United
respectively, Supplementary Tables Tg, T11 and Figure States (US) [22]. Antiviral use, when given within 48
F5 showing the flow chart and results of both logistic hours and possibly up to 7 days after symptom onset,
regression analyses). was shown to decrease the risk of dying after control-
ling for known confounders such as age, virus (sub)
Excluding the large Spanish data resulted in an analy- type, and time since illness onset. We showed that anti-
sis with only 1,694 observations, which also showed viral treatment had no major effect on fatal outcome of
a lower risk of dying associated with early (within 48 hospitalised younger people, who are less likely to die,
hours) vs late antiviral treatment after symptom onset but also less likely to receive antiviral treatment or be
(@aOR 0.68, 95% Cl: 0.5-0.9, Supplementary Table T10). vaccinated. Vaccination did not show an effect on mor-
tality, as discussed in a previous study [20]. However,
The different analysis approaches also identified HIV/ vaccination may play a bigger role earlier in the course
immunosuppression and chronic liver disease as asso- of the disease with other factors being more relevant
ciated risk factors for death (Supplementary Tables T1o, when clinical conditions worsened.
T12 showing results of matched and recoded logistic
regression analyses). Studies from the US have shown that antiviral (mostly
oseltamivir) treatment in hospitalised children or adults
Discussion reduced the length of stay when treated within 48
In this retrospective analysis of case-based surveil- hours or 6—-12 hours after symptom onset, respectively
lance data from almost 20,000 hospitalised patients [15,22,23]. Another study identified that treatment up
with laboratory-confirmed influenza in 11 EU countries, to 5 days after symptom onset improved survival in
we found that 28% of patients were admitted to ICU patients admitted to the ICU [24], which is in line with
and 14% died. Antiviral treatment use was common but our findings. The protective effect of antiviral treatment
www.eurosurveillance.org 7
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TABLE 3

Risk of death by age, sex, underlying conditions, ICU admission status, time of treatment and vaccination status, 11
European Union countries, influenza seasons 2010/11-2019/20

. All (n = 2,924) Women 14-49 years (n = 1,520)

Variable
aOR 95% Cl aOR 95% Cl

Male vs female (Ref.) sex 1.09 0.90-1.32 NA NA
Age 1.03? 1.03-1.04 1.02 0.97-1.08
Influenza type A vs type B (Ref.) virus® 1.36¢ 1.01-1.83 2.72 0.77-9.55
AV treated within 48h vs later (Ref.) 0.72¢ 0.56-0.92 1.06 0.35-3.21
ICU vs non-ICU (Ref.) admission 4.59° 3.65-5.77 44.93° 7.81-258.43
Time between symptom onset and hospitalisation (days) 0.98 0.95-1.02 1.06 0.89-1.25
Vaccination vs no vaccination (Ref.) 0.87 0.67-1.12 NA NA
Chronic lung disease vs no chronic lung disease (Ref.) 0.70°¢ 0.53-0.92 NA NA
Cancer vs no cancer (Ref.) 1.09 0.55-2.15 NA NA
Diabetes vs no diabetes (Ref.) 0.83 0.64-1.08 0.14 0.01-1.41
Heart disease vs no heart disease (Ref.) 0.81 0.64-1.03 NA NA
HIV/immunosuppression vs no HIV/immunosuppression (Ref.) 1.56¢ 1.14-2.13 3.26 0.95-11.22
Kidney disease vs no kidney disease (Ref.) 1.00 0.71-1.40 6.43°¢ 1.22-33.85
Liver disease vs no liver disease (Ref.) 1.78¢ 1.11-2.87 1.93 0.23-16.23
Neuromuscular/cognitive vs no disorder (Ref.) 1.42 0.87-2.33 0.12 0.01-1.79
Obesity vs not obese (Ref.) 0.76 0.56-1.02 NA NA
Pregnancy (n = 111) vs not pregnant (Ref.) NA NA 0.91 0.28-2.96
ARDS vs no ARDS (Ref.) 1.782 1.27-2.49 2.86 0.53-15.38
Pneumonia vs no pneumonia (Ref.) 1.10 0.82-1.48 1.00 0.20-5.05
Sepsis vs no sepsis (Ref.) 3.322 2.04-5.40 702.48¢ 3.20-150,000

aOR: adjusted odds ratio using a mixed effect model adjusted for country as random intercept.; ARDS: Acute respiratory distress syndrome;
AV: antiviral; Cl: confidence interval; HIV/immunos.: HIV infection or immunosuppression; ICU: Intensive care unit; NA: not analysed due to
low numbers or being insignificant in univariable analysis, Ref.: reference.

2p<o0.001.

® only type A or B virus included due to low number of subtyped viruses.
¢p<o.05.

4p<o.01.

Participating European Union countries: Austria, Belgium, Czechia, Ireland, Malta, the Netherlands, Portugal, Romania, Slovakia, Spain,
Sweden.

in our analysis as indicated by the aOR is consistent
with previous findings [13-15,25], also confirming that
treatment later than 48 hours after symptom onset
may have some protective effect against mortality [24].
Also, early hospital admission was shown to prevent
severe outcome, possibly due to earlier and better
treatment in hospital [26].

Age strongly influenced outcome, with older age hav-
ing increased risk of dying after influenza infection. In
addition, in the older age groups, NAI treatment low-
ered risk of dying more than in the younger age groups.
Admission to ICU, liver disease, HIV/immunosuppres-
sion and clinical complications were confirmed fac-
tors associated with increased risk of death [20]. No
detailed clinical information about the treatment of HIV
infected persons, or the state of immunosuppression
in patients was provided, and this should be a focus
in follow-up studies to better understand treatment
options. Clinicians seem to be aware of HIV/immu-
nosuppression as a determinant for severe outcome
indicated by the high proportion of these patients
receiving NAI treatment similar to patients with can-
cer, while patients with liver disease, neuromuscular

or neurocognitive conditions were less likely to receive
NAls.

Due to the COVID-19 pandemic and measures put in
place to stop its spread, there has been a very low cir-
culation of influenza in 2020, and as of March 2022,
globally [27,28]. The lack of exposure and waning
immunity to influenza in general, coupled with overall
low vaccination rates, results in a population possibly
more susceptible to influenza virus infection. Antiviral
treatment remains an important treatment option to
prevent severe disease and fatal outcome as shown in
our analysis. This is particularly important for older age
groups. However, barriers to timely treatment initiation
or general use of antiviral treatment remain and are
manifold, e.g. delayed or no laboratory confirmation
of influenza, hesitation of clinicians to use NAls due
to concerns of effectiveness or lack of knowledge of
clinical guidelines or relevant risk groups [29,30]. It is
therefore important to confirm influenza early so that
clinicians can initiate NAI treatment early to improve
infectious disease control measures as well as out-
comes of people at risk for severe disease.
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Limitations

Limitations of observational studies also apply to
this analysis. First, the number of countries reporting
changed over time and each country had a distinct
health care system and likely variability in therapy.
However, the core variables analysed (sex, age, ICU
admission) were likely not collected or reported in sub-
stantially different ways as to bias the results. In addi-
tion, 83% of the data were from Spain, so the findings
may not be representative of the situation in the EU as a
whole and possibly have systematic bias in the record-
ing of data. However, the analysis of chronic conditions
is more balanced with Spain only contributing to 32%
of the cases, and the sensitivity analysis resulted in
comparable findings after adjusting for this. Second,
only a quarter of the data had information on underly-
ing disease, a known risk factor for influenza mortality,
so multivariable models were probably underpowered.
Third, a low number of patients (4.9%, 769/15,628) in
the dataset received antiviral treatment after symptom
onset but before hospital admission. Given that the
median time to hospitalisation was 3.6 days, the data-
set was not ideal for assessing the effect of very early
antiviral use. Fourth, in some cases, when the date of
symptom onset was not available, reporting physicians
may have used another date, such as the date of labo-
ratory testing. Laboratory testing and notification occur
after symptom onset and this would underestimate the
time between symptom onset to hospitalisation as
well as to NAI treatment. For example, in Spain, onset
symptoms reflect date of first clinical sign or symptom,
and this information was available in most of the cases
(>95%). However, some cases may have been reported
with date of testing instead if date of onset was not
available. Fifth, underlying conditions or other vari-
ables that rely on clinical judgement may have been
reported differently by individual clinicians in different
countries. Sixth, most influenza viruses reported as
type A unsubtyped may have been type A viruses test-
ing negative for A(HiN1)pdmog following the introduc-
tion of specific (HiN1)pdmog PCR primers during the
2009 pandemic, but could also possibly be due to the
increasing use of rapid antigen tests that only detect
type A or B. However, another study previously showed
that hospitalised patients with influenza A(H1N1)
pdmog had a higher risk of ICU admission or death
than patients with influenza A(H3N2) or B, independ-
ent of other factors [31]. Seventh, different viral sub-
types circulated during the study period, which could
affect the pooled results (for example the B/Yamagata
season 2017/18 that affected elderly people » 60 years
and contributed to>80% of the influenza type B cases).
Eighth, death after hospital discharge was not possi-
ble to capture due to relying on hospital-based surveil-
lance data. Despite these limitations that are common
in surveillance data, all different multivariate models
explored indicated that early antiviral use was inde-
pendently protective against mortality.

www.eurosurveillance.org

Conclusion

Surveillance data can be powerful for exploring effects
in observational studies but also have limitations due
to pooling of data from countries with different health
care and monitoring structures. Our data underline
the severity of influenza and possibly missed early
treatment opportunities: 28% of hospitalised patients
required intensive care, 14% died, but only 58%
received antiviral treatment within the first 4 days and
30% within 48 hours as recommended. Our results
support the role of antiviral treatment in hospitalised
patients with laboratory-confirmed influenza to reduce
the risk of in-hospital death when given early after
influenza virus confirmation, but even possibly up to
7 days, when the 48-hour window after symptom onset
has passed.
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