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Abstract

Background To date, estimating the burden of seasonal influenza on the hospital system in France has been
restricted to influenza diagnoses in patients (estimated hospitalization rate of 35/100,000 on average from 2012 to
2018). However, many hospitalizations for diagnosed respiratory infections (e.g. pneumonia, acute bronchitis) occur
without concurrent screening for virological influenza, especially in the elderly. Specifically, we aimed to estimate the
burden of influenza on the French hospital system by examining the proportion of severe acute respiratory infections
(SARI) attributable to influenza.

Methods Using French national hospital discharge data from 1/7/2012 to 30/6/2018, we extracted SARI
hospitalizations with ICD-10 codes J09-J11 (influenza codes) in main or associated diagnoses, and J12-J20 (pneumonia
and bronchitis codes) in main diagnoses. We estimated influenza-attributable SARI hospitalizations during influenza
epidemics, as the number of influenza-coded hospitalizations plus the influenza-attributable number of pneumonia-
and acute bronchitis-coded hospitalizations using periodic regression and generalized linear models. Additional
analyses stratified by age group, diagnostic category (pneumonia and bronchitis), and region of hospitalization were
performed using the periodic regression model only.

Results The average estimated hospitalization rate of influenza-attributable SARI during the five annual influenza
epidemics covered (2013-2014 to 2017-2018) was 60/100,000 with the periodic regression model, and 64/100,000
with the generalized linear model. Over the six epidemics (2012-2013 to 2017-2018), of the 533,456 SARI
hospitalizations identified, an estimated 227,154 were influenza-attributable (43%). Fifty-six percent of cases were
diagnosed with influenza, 33% pneumonia, and 11% bronchitis. Diagnoses varied between age groups: 11% of
patients under 15 years old had pneumonia versus 41% of patients aged 65 and older.

Conclusion Compared to influenza surveillance in France to date, analyzing excess SARI hospitalizations provided

a much larger estimate of the burden of influenza on the hospital system. This approach was more representative
and allowed the burden to be assessed according to age group and region. The emergence of SARS-Cov-2 has led
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to a change in the dynamics of winter respiratory epidemics. The co-circulation of the three current major respiratory
viruses (influenza, SARS-Cov-2, and RSV) and the evolution of diagnostic confirmation practices must now be taken

into account when analyzing SARI.
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Background

France’s influenza surveillance system, led by Santé Pub-
lique France, the national public health agency, is based
on several sources of inpatient and outpatient data [1].
The severity and impact of seasonal influenza on the
health system are routinely monitored using two indica-
tors: the number of patients visiting emergency depart-
ments (ED) who are subsequently hospitalized, and cases
admitted to intensive care units (ICU). Although these
two indicators allow real-time monitoring during the
influenza season, they only reflect part of the burden of
influenza on the hospital system. This is because of the
data sources used, and a definition limited to clinical
influenza diagnosis [2].

The French national hospital discharge database
(PMSI) records information on all patients hospitalized
a posteriori. Two French studies have recently used this
database to estimate the epidemiological and economic
burdens of severe influenza in the country [3] and to
describe the characteristics and severity of patients hos-
pitalized with diagnosed influenza [2]. However, many
hospitalizations for respiratory infections (e.g., pneumo-
nia, bronchitis) occur without virological influenza con-
currently diagnosed [4].

In order to compensate for this lack of virological con-
firmation for atypical forms of influenza or forms with
complications, the World Health Organization (WHO)
has proposed broadening influenza surveillance by moni-
toring severe acute respiratory infections (SARI) [5]. This
provides a more representative assessment of the true
burden of influenza epidemics on the hospital system.

We aimed to estimate the burden of influenza-attrib-
utable SARI on the hospital system in metropolitan
France over six annual epidemics (2012 to 2018) using
two regression models, specifically a periodic regression
model and a generalized linear model (GLM). The pur-
pose of the study was to generate a robust indicator that
is more representative of the true burden of winter epi-
demics of respiratory infections attributable to influenza
on the hospital system.

Methods

Hospitalization data

The PMSI database is part of France’s larger National
Health Data System (Systéme national des données de
santé, SNDS) database. From the PMSI, we extracted all
hospitalizations with a diagnosis of SARI (ICD-10 code:
J09-J20) occurring between 1 July 2012 and 30 June 2018.

For each hospitalization, we obtained the following infor-
mation: age group, week of admission, total length of stay
(in days), admission to an intensive care unit (yes/no),
and death (yes/no).

Definitions

Based on the definition of SARI proposed by WHO [5]
and consistent with the surveillance performed in France,
the case definition of SARI was defined as any hospital-
ization with (i) a diagnosis of influenza as the principal
(PD) or associated diagnosis (AD), or (ii) a diagnosis of
pneumonia as the principal diagnosis, or (iii) a diagnosis
of bronchitis as the principal diagnosis.

Influenza epidemic periods from the 2012 to 2018 sea-
sons were identified from nationally calculated thresh-
olds using three outbreak detection methods applied to
three surveillance data sources: emergency departments,
emergency general practitioners, and sentinel general
practitioners (Additional file 1) [6]. SARI were catego-
rized into three diagnostic categories: influenza (influ-
enza PD or influenza AD associated with a PD other
than bronchitis or pneumonia), pneumonia (pneumonia
PD with or without influenza AD), and acute bronchi-
tis (bronchitis PD with or without influenza AD). Five
age-groups were defined: <15 years, 15—64 years, 65-74
years, 75—84 years, and >=285 years.

Statistical analysis

The weekly time series of hospitalizations for pneumonia
and bronchitis were analyzed with statistical methods.
We briefly describe the methods used below. All statisti-
cal analyses were performed with R-3.5.1.

Periodic regression

To estimate the proportion of influenza-attributable
SAR], a periodic regression method was applied to the
weekly number of hospitalizations for pneumonia and
bronchitis [7]. We modelled the baseline level with a
multivariable linear regression model using the following
equation:

E (yy) = ap + aqw + y1c08 (2w /52.17)
+0ysin (2mw/52.17) + yacos (dmw /52.17)
+0gsin (4rw/52.17)

where vy, is, for week w, the number of pneumonia and
bronchitis hospitalizations.
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The baseline level in a given week w was obtained by
fitting the model to the observations from 1/07/2012
to 30/06/2018 from which we removed the presence of
influenza and bronchiolitis epidemics (Additional file 1)
in the training dataset from the series. This trimming was
an attempt to ensure that the dataset used to model the
baseline level was free of influenza or respiratory syncy-
tial virus (RSV) [8].

The number of excess hospitalizations for pneumonia
or bronchitis was defined as the sum of the differences
between the expected and observed values. This excess
was considered attributable to influenza during periods
defined as influenza epidemics.

Generalized linear model

We also performed a generalized linear model (GLM) as
a complementary approach to validate the results of the
periodic regression method. Specifically, the GLM was
performed to estimate the number of influenza-asso-
ciated hospitalizations during the epidemic periods by
using overall pneumonia and bronchitis (PD) hospital-
izations, assuming negative-binomial distributed errors
with a logarithmic link function.

Two model parameters were used: indicators of influ-
enza activity (including influenza-like illness (ILI) inci-
dence data and virological data), and morbidity data for
RSV. Weekly ILI incidence data were obtained from the
French general practitioner network Sentinelles. Per-
centages of nasopharyngeal samples testing positive for
influenza in France were obtained from the National
Reference Center for Influenza. Swabs were performed
by practitioners in the Regional Groups for Influenza
Surveillance Network (GROG) (until the 2013/2014
influenza season) and by members of the Sentinelles
network (from the 2014/2015 influenza season onward).
These data were stratified by influenza type and subtype:
A(HIN1)pdm09, A(H3N2) and B. For each influenza type
and subtype, the product of ILI incidence and the per-
centage of samples testing positive was used as an indi-
cator of influenza activity. As a proxy for the circulation
of RSV, the proportions of consultations for bronchiolitis
were obtained from computerized medical records com-
pleted during consultations at emergency departments
participating in the OSCOUR® network (representing
from approximatively 50% of national emergency depart-
ment activity in 2010-11 to 90% in 2016-17). Model
parameters are described in Additional file 2.

The GLM model analysis could only be performed on
the five seasons from 2013 to 14 to 2017-18 because of
the lack of availability of virological data for influenza
before 2013.

The model was adjusted for temporal trend and RSV
circulation. We selected lags on influenza activity indi-
cators (lags retained: 0, 1) and the RSV indicator (lags
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0, 1), based on the Akaike Information Criterion (AIC).
In order to take into account the nonlinear relationship
between hospitalizations for pneumonia and bronchitis
and covariables, we used b-splines (with three degrees
of freedom) on each component [9]. Population figures
were introduced into the model as an offset.

The following regression model was used:

log(E(Y;/Pop)) = By + Bibs (t)
+0sbs(flag(I LIgin1))
+Bobs( flag(I L1yzna;))
+ﬂ10b5(flag(ILIBf))
+011bs(flag(Bronchioy))

where Y; was the number of pneumonia and bronchitis
hospitalizations predicted by the model, Pop was the oft-
set corresponding to the population size, ¢t was the time,
bs a function of b-splines with three degrees of freedom,
and flag a function of lag.

The number of pneumonia and bronchitis hospitaliza-
tions attributable to influenza was estimated as the dif-
ference between the number predicted by the model
and the number predicted by the model in the absence
of influenza virus circulation. The numbers of weekly
pneumonia and bronchitis hospitalizations attributable
to influenza estimates were summed to obtain estimates
during the five epidemic periods.

Estimated number of influenza-attributable SARI

The number of influenza-attributable SARI hospitaliza-
tions was estimated as the number of pneumonia and
bronchitis hospitalizations attributable to influenza plus
the number of influenza hospitalizations.

The proportion of influenza-attributable SARI hos-
pitalizations was calculated by dividing the number of
influenza-attributable SARI hospitalizations by the over-
all number of SARI hospitalizations during the six influ-
enza epidemics for periodic regression model and five
influenza epidemics for GLM.

Hospitalization rates for influenza-attributable SARI
were then calculated from the estimated numbers of
influenza-attributable SARI - according to each method
applied - compared with population size estimates pro-
vided by the French National Institute of Statistics and
Economics Studies (2016).

For each of the two methods used, confidence intervals
(CI95%) of the hospitalization rate estimates were calcu-
lated for each influenza epidemic.

Using the periodic regression model, estimates were
stratified by age-group, diagnostic category (pneumonia
and bronchitis), and region of residence.
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Fig. 1 Weekly number of SARI hospitalizations and influenza season (in blue), 2012-2018, metropolitan France

Table 1 Description of SARI hospitalizations for each influenza epidemic, 2012-2018, metropolitan France

2012-2013 2013-2014 2014-2015 2015-2016 2016-2017 2017-2018 Total

Epidemic duration (in wk)? 13 6
Number of SARI hospitalizations 91456 36393
Diagnostic category

Influenza 14% 14%

Pneumonia 68% 70%

Bronchitis 17% 16%
Proportion of SARI hospitalizations in > 75y age-group  53% 49%
Number of hospitalizations with ICU admission 5235 2291
Proportion of hospitalizations with ICU admission 6% 6%
Number of deaths 5745 2111
Proportion of deaths 6% 6%

9 1 10 16 /
80515 75881 101 433 147778 533,456
24% 21% 28% 31% 24%
60% 64% 57% 56% 61%
16% 14% 15% 13% 15%
55% 46% 60% 51% 53%
5317 4962 6362 10412 34,579
7% 7% 6% 7% 6%
5220 4202 6773 8965 33,016
6% 6% 7% 6% 6%

2Source: Santé publique France

Results

Description of SARI hospitalizations

From July 2012 to June 2018, 533 456 SARI hospitaliza-
tions were recorded during the six influenza epidemics
in metropolitan France (Fig. 1). Over half concerned per-
sons aged 75 years or older. The proportion of hospital-
izations with ICU admission (6%), and the case fatality
rate (6%) were stable over all six epidemics. Among all
SAR]I, the proportion of hospitalizations with a diagnosis
of influenza tended to increase over all epidemic seasons
from 14 to 31% (Table 1). Among hospitalizations with
a diagnosis of influenza, 65% had influenza as a PD and
35% as an AD.

Estimated influenza-attributable SARI hospitalization rates
Hospitalization rates varied seasonally in both the peri-
odic regression (14 to 108/100,000 inhabitants) and GLM
(17 to 110 /100,000) (Table 2) methods. The 95% confi-
dence intervals for the two methods overlapped for three
influenza epidemics (2013-2014, 2016-2017, and 2017-
2018) and were very similar for the 2015-2016 epidemic.

Estimated hospitalization rates using both methods
were 1.8 times higher than hospitalization rates with a
diagnosis of influenza alone (38/100,000).

Influenza-attributable SARI hospitalization estimates
according to diagnostic category, age-group and region of
hospitalization (periodic regression)

Across the six epidemics, 227,154 influenza-attributable
SARI hospitalizations were estimated, representing 43%
of the 533,456 SARI hospitalizations (Table 3). During
the epidemics, the proportion of influenza-attributable
hospitalizations was estimated at 23% in pneumonia hos-
pitalizations and 32% in those for bronchitis. The propor-
tion of influenza-attributable decreased with age from
62% in the >85 years age group to 36% in the <15 years
age group (Table 3).

Over the six epidemics, the mean rate of hospitaliza-
tions varied significantly by age group: 23/100,000 inhab-
itants in those 15-64 years old to 473/100,000 in those
ages=85 years old (Table 3). The mean crude hospital-
ization rate also varied by region: from 40.7/100,000
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Table 2 Estimated influenza-attributable SARI hospitalizations using periodic regression and GLM, per influenza epidemics, 2012-

2018, metropolitan France

Influenza epidemic (Dominant influenza viruses*) Periodic regression GLM Influenza***
H H/100,000 95% Cl H H/100,000 95% ClI H/100,000
2012-2013 (B-Yamagata) 32790 509 [443-574] NA NA NA 21.5
2013-2014 (A(HTN1) et A(H3N2)) 8964 139 [11.1-16.7] 10964 170 [15.1-18.9] 12.7
2014-2015 (A(H3N2)) 38519 597 [554-64.11 44804 69.5 [66.3-72.7] 348
2015-2016 (B-Victoria) 24921 387 [342-43.1] 29430 456 [43.7-47.6] 27.7
2016-2017 (A(H3N2)) 52354 812 [754-87.01 49817 773 [73.7-80.9] 459
2017-2018 (A(H1N1) et B-Yamagata) 69610 1080 [99.9-116.0] 70780 109.8 [106.2-113.3] 69.0
Average of five epidemics** 38873 60.3 NC 41159 63.8 NC 38.0

*Source CNR of influenza viruses **influenza epidemics 2013-2014 to 2017-2018; H=hospitalizations; NA=not available; *** with a principal, related or associated

influenza diagnosis, results from previous studies [2, 10]; NC=not calculated

Table 3 Distribution of estimated influenza-attributable SARI hospitalizations, stratified by diagnostic category and age group,

2012-2018, metropolitan France

Number of SARI Number of influenza-attribut-  Proportion of influen- SARI hos-
hospitalizations able SARI hospitalizations za-attributable SARI pitaliza-
hospitalizations tion rate
(/100 000)
Diagnostic category
Influenza 127 297 127 297 100 33
Pneumonia 326 062 74 223 23 19
Bronchitis 80097 25634 32 7
Age group
<15y 60 104 36308 60 52
15-64y 119746 56 742 47 23
65-74y 71427 29452 41 78
75-84y 122338 48043 39 200
=285y 159 841 56917 36 473
Total 533456 227 154 43 59

in Corsica to 73.4/100,000 in Provence-Alpes-Cote-
D’azur (PACA). Overall, the average hospitalization rates
observed in the eastern regions, and in particular in the
southeast, were higher than in western regions, irrespec-
tive of the epidemic season (Additional file 3).

The distribution of the three diagnostic categories var-
ied by age group, with the proportion of influenza diag-
noses being twice as high in persons<15 years old (88%)
than those aged>85 years old (41%) (Fig. 2). The pro-
portion of hospitalizations with influenza diagnosis also
increased over time from 40 to 65% between the 2012—
2013 and 2017-2018 epidemics.

Discussion

The analysis of SARI hospitalization data from the PMSI
database allowed us to provide a more representative
estimate of the true burden of influenza on France’s hos-
pital system, as it took into account the non-visible part
of influenza. Using periodic regression, we estimated
that between the 2013-2014 and 2017-2018 influenza
epidemics, 60/100,000 inhabitants were hospitalized per
season. This estimate was confirmed by GLM, which
provided a similar hospitalization rate of 64/100,000. In

contrast, the hospitalization rate of patients with diagno-
sis of influenza alone was only two-thirds of the rate for
influenza-attributable SARI. A previous study estimated
the influenza hospitalization rate in metropolitan France
at 38/100,000 per season over the period 2013 to 2018 [2,
10].

International comparisons are complicated by the
diversity of definitions, sources, methods and study peri-
ods, as highlighted in the literature review by Roguski et,
al. [11]. Based on estimates calculated from regression
methods, the authors of that review estimated an average
annual hospitalization rate of 57.8 / 100,000 inhabitants
(95% CI: 51.6, 63.9 /100,000) for the period 2007 to 2018,
which was very close to our estimates.

Our case definition of SARI was guided by recently
published foreign experiences and by the WHO recom-
mendation to develop surveillance of SARI to better
assess the burden of influenza. This choice was based on
the following arguments:

+ Adopt a coherent syndromic grouping logic around
respiratory infections and compatible with the WHO
definition of SARI (acute low respiratory infection
with a history of fever or measured fever >38 °C
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Fig. 2 Distribution of estimated influenza-attributable SARI per diagnostic category, age group (A) and influenza epidemics (B), 2012-2018, metropolitan

France

associated with a cough, occurring within the
previous 10 days and requiring hospitalization) [5].

+ Include in the definition of SARL: all influenza
infections, whether coded as PD or AD (most
hospitalizations with influenza as an AD were
associated with a diagnosis it was reported
as a complication or co-infection, and excess
hospitalizations of respiratory infections (acute
bronchitis and pneumonia) in order to compensate
for the lack of confirmation of virological diagnosis
of influenza [4, 12].

+ Ensure consistency and comparability with choices
made in other countries, most often ‘influenza
and pneumonia’ with or without acute bronchitis
[13-15], and more recently SARI [16, 17].

We chose to exclude hospitalizations where pneumonia
or bronchitis was an AD with no mention of influenza. In
the PMSI coding rules, the PD corresponds to the reason

for admission and is therefore closer to the WHO defini-
tion of SARL

The initial purpose of our study, conducted before the
COVID-19 pandemic, was to ensure simplicity of imple-
mentation for regional and facility-level use. Rather
than a complex model with unavailable co-variables at
the regional or sub-regional geographic level, we chose
a simple periodic regression method to define a ‘base-
line’ of hospitalizations for pneumonia and bronchitis
unrelated to influenza epidemics. The periodic regres-
sion model was therefore constructed by trimming the
epidemic periods of influenza and bronchiolitis (proxy
for RSV circulation) and limiting the estimated numbers
of influenza-attributable cases to the epidemic period
of influenza defined by the current surveillance system.
Although our estimates were limited to the influenza epi-
demic periods, we were not able to fully take into account
the circulation of other respiratory viruses, in particular
RSV, which may be concomitant with influenza at the
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beginning of an epidemic. Multivariate studies including
co-variables such as the positivity rate for winter viruses
allow the overlap between RSV and influenza to be bet-
ter taken into account. The GLM method we applied
was adjusted for RSV circulation and provided seasonal
estimates of the same order of magnitude as the periodic
regression method, including seasons with concurrent
circulation of influenza and RSV (2016-17 and 2017-18).
This would suggest that the latter method was impacted
very little by this limitation.

A previous study of hospitalizations with influenza
diagnoses showed that the incidence, severity, lethality,
and frequency of ICU hospitalizations in an epidemic
season were all related to variations in the age distribu-
tion of cases during the epidemic rather than the viru-
lence of the circulating subtype [18]. Our study shows an
amplified effect of these variations in age-specific inci-
dence with increasing age. The distinction between the
three diagnostic categories comprising the syndromic
grouping of SARI allowed us to objectify the important
differences in the reasons for hospitalization accord-
ing to agegroup. In people aged 65 years and over, the
influenza-attributable SARI hospitalization rate was
2.2 times higher than the hospitalization rate including
only influenza diagnosis (D09-J11), a difference similar
to that observed by Reed et al. [14] in a study measur-
ing the probability of being tested for influenza according
to age. Over the six seasons between 2012 and 2018, the
proportion of hospitalizations with influenza diagnosis
increased from 40 to 65%, reflecting improved diagnostic
testing practices for influenza, especially among adults
and the elderly.

The periodic regression method used in this study
made it possible to estimate the impact of influenza at the
regional level and to confirm the existence of regional dis-
parities in the use of hospitalizations for influenza across
metropolitan France. This was previously observed in an
earlier study on influenza [18] and more recently during
the COVID-19 pandemic [19, 20]. It confirms that moni-
toring data on a sub-regional scale is essential to quantify
the burden of seasonal epidemics, including influenza,
and to adapt the care offer locally with a view to improv-
ing patient management.

Our study has the usual limitations associated with
using medico-administrative databases whose coding
rules are based on economic and not epidemiological
criteria. We assumed that the coding of influenza diag-
nosis corresponded to virological confirmation. However,
unlike other studies, we had no data to prove this [21,
22]. A previous French study on patients admitted to an
ICU for influenza showed a good specificity of influenza
coding in the PMSI database [23].
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Conclusion

The present study’s analysis of the PMSI medico-admin-
istrative database helped provide a more accurate esti-
mation of the burden of influenza-associated SARI on
France’s hospital system, particularly in the elderly.
Moreover, this work complements an initial study that
was limited to hospitalizations with a diagnosis of influ-
enza, its objective was to describe characteristics and
severity [18]. Both studies contribute to the overall evalu-
ation of the socioeconomic impact of influenza in France.
Their findings provide us with a better understanding
of the burden of influenza on the hospital system, and
should help raise the general public and health profes-
sionals’ awareness of the importance of barrier measures
and influenza vaccination.

We only focused on hospitalizations in this study; other
studies investigated overall (i.e., hospital and non-hos-
pital) influenza-associated SARI mortality [3, 24]; their
findings could contribute to provide an overall estimate
of the burden.

This study covered a period prior to the SARS-Cov-2
pandemic that had a major impact on hospital activity.
For comparison, the first wave of COVID-19 in France
(March to May 2020) resulted in a hospitalization rate
of 140/100,000 [25], higher than the 110/100,000 esti-
mated during the large A(H3N2) influenza outbreak in
2017-2018.

The SARS-Cov-2 pandemic has led to a change in the
dynamics of winter respiratory epidemics. For the next
five years at least, the methods used to estimate hospi-
talizations based on the observation of previous periods
must be reconsidered. Two main factors will have to be
taken into account: viral interference between the three
major respiratory viruses (influenza virus, SARS-Cov-2,
and RSV) and the evolution of diagnostic confirmation
practices given clinical pictures of SARI in order to adapt
care management modalities [26, 27]. Consequently, the
periodic regression method based on learning from pre-
vious observations will not be very effective for estimat-
ing excess hospitalizations for SARI attributable to the
different viruses. The construction of a GLM using prox-
ies adapted to the different viruses should be the pre-
ferred choice.

Finally, implementing prevention measures (e.g., face
masks) against one respiratory virus lowers the aggre-
gated risk of all viral respiratory infections. Thresholds
of overall incidence of acute respiratory infections could
therefore constitute simplified indicators for the recom-
mendation of these prevention measures [28].

Abbreviations

AD Associated diagnosis
AlC Akaike Information Criterion
ED Emergency departments

GLM Generalized linear model
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ICU Intensive care units

ILl Influenza-like illness

PACA  Provence-Alpes-Cote-D'azur
PD Principal diagnosis

PMSI French national hospital discharge database
RSV Respiratory syncytial virus
SARI Severe acute respiratory infections

SNDS  France’s most comprehensive National Health Data System (Systeme
national des données de santé)
WHO  World Health Organization

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/512879-023-08078-2.

Additional file 1
Additional file 2
Additional file 3

Acknowledgements

The authors are grateful to Dr. Jean-Claude Desenclos for his careful review of
the manuscript,Marjorie Boussac for data extraction and Jude Sweeney for the
English revision of the text.

Author Contribution

AB and BH designed this study; AB, CS and BH analyzed the data and draft
the manuscript; AB, BH and MP provided valuable insight for revising the
manuscript. All authors read and approved the final manuscript.

Funding
All authors are employees of publicly funded institutions. No external funding
was accorded for this work.

Data Availability

The datasets used and/or analyzed during the current study are not publicly
available for legal and ethical reasons. The datasets are available from the
corresponding author on reasonable request and only in compliance with
the legal provisions allowing access to France’s most comprehensive health
database, the National Health Data System (Systéme national des données
de santé). More specifically,approval from the CESREES (Comité éthique et
scientifique pour les recherches, les études et les évaluations dans le domaine
de la santé) ethics committee and from the French data protection authority
is needed.

Declarations

Ethics approval and consent to participate

Approval from an ethics committee or the need for informed consent (articles
L. 1461-3 and R. 1461-12 (and following) of the public health code) were

not necessary under French law. This was a retrospective study, conducted
solely on the basis of pseudonymized data from a legally compulsory data
processing system (the Systéme national des données de santé (SNDS)).
Direct access to these pseudonymized data is specifically granted to Santé
publique France under French law. Santé publique France is a legal recipient
of the France's National Health Data System (Systéme national des données de
santé), in order to perform its mission of public interest of health surveillance
(code de la santé publique, articles R 1461- 13 and subsequent amendments).
The study protocol was approved within the framework of an internal
validation of Santé publique France. The methods used were conducted in
accordance with relevant guidelines and regulations.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Page 8 of 9

Author details

'Santé publique France, the national public health agency — Nouvelle-
Aquitaine, Bordeaux, France2, France

2Santé publique France, the national public health agency, Saint-Maurice,
France

3Santé publique France, the national public health agency - Bretagne,
Rennes, France

Received: 8 July 2022 / Accepted: 13 February 2023
Published online: 06 March 2023

References

1. Equipes de surveillance de la grippe. Surveillance de la grippe en France,
saison 2018-2019. Bull Epidémiol Hebd [Internet]. 2019; 28:552 — 63. Avail-
able from: http://beh.santepubliquefrance fr/beh/2019/28/2019_28_1.html

2. Pivette M, Nicolay N, de Lauzun V, Hubert B. Characteristics of hospitaliza-
tions with an influenza diagnosis, France, 2012-2013 to 2016-2017 influenza
seasons. Influenza Other Respir Viruses. 2020;14(3):340-8.

3. Lemaitre M, Fouad F, Carrat F, Crépey P, Gaillat J, Gavazzi G et al. Estimating
the burden of influenza-related and associated hospitalizations and deaths in
France: An eight-season data study, 2010-2018. Influenza and Other Respira-
tory Viruses. 2022;n/a(n/a).

4. Czaja CA, Miller L, Alden N, Wald HL, Cummings CN, Rolfes MA et al. Age-
Related Differences in Hospitalization Rates, Clinical Presentation, and
Outcomes Among Older Adults Hospitalized With Influenza—U.S. Influenza
Hospitalization Surveillance Network (FluSurv-NET).Open Forum Infectious
Diseases. 2019;6(7).

5. World Health Organization. A manual for estimating disease burden associ-
ated with seasonal influenza. 2015.

6.  Fouillet A, Ruello M, Léon L, Sommen C, Marie L, Caserio-Schonemann C et al.
User-friendly Rshiny web applications for supporting syndromic surveillance
analysis.Online J Public Health Inform. 2017,9(1).

7. Serfling RE. Methods for current statistical analysis of excess pneumonia-
influenza deaths. Public Health Rep. 1963;78(6):494-506.

8. Pelat C,Bonmarin |, Ruello M, Fouillet A, Caserio-Schénemann C, Levy-Bruhl
D, et al. Improving regional influenza surveillance through a combination
of automated outbreak detection methods: the 2015/16 season in France.
Eurosurveillance. 2017;22(32):30593.

9. Muscatello DJ, Newall AT, Dwyer DE, Maclntyre CR. Mortality attributable to
Seasonal and Pandemic Influenza, Australia, 2003 to 2009, using a Novel Time
Series Smoothing Approach. PLoS ONE. 2013;8(6).e64734.

10. de Lauzun'V, Pivette M, Nicolay N, Hubert B. Caractéristiques des hospitalisa-
tions avec diagnostic de grippe, France métropolitaine, 2017-2018. Bull
Epidémiol Hebd [Internet]. 2019; 28:563 - 70. Available from: http://beh.
santepubliquefrance.fr/beh/2019/28/2019_28_2 html

11. Roguski KM, Rolfes MA, Reich JS, Owens Z, Patel N, Fitzner J, et al. Variability in
published rates of influenza-associated hospitalizations: a systematic review,
2007-2018. J Glob Health. 2020;10(2):020430.

12. Sellers SA, Hagan RS, Hayden FG, Fischer WA 2. The hidden burden of influ-
enza: a review of the extra-pulmonary complications of influenza infection.
Influenza Other Respir Viruses. 2017;11(5):372-93.

13. NgY, Chua LAV, Ma S, Jian Ming Lee V. Estimates of influenza-associated
hospitalisations in tropical Singapore, 2010-2017: Higher burden estimated
in more recent years. Influenza and Other Respiratory Viruses.0(0).

14.  Reed C, Chaves SS, Daily Kirley P, Emerson R, Aragon D, Hancock EB, et al. Esti-
mating influenza disease burden from population-based surveillance data in
the United States. PLoS ONE. 2015;10(3):e0118369.

15. Sotomayor V, Fasce RA, Vergara N, De la Fuente F, Loayza S, Palekar R. Estimat-
ing the burden of influenza-associated hospitalizations and deaths in Chile
during 2012-2014. Influenza Other Respir Viruses. 2018;12(1):138-45.

16. Institute of Environmental Science and Research Ltd (ESR). Influenza surveil-
lance in New Zealand 2016. Wellington: Institute of Environmental Science
and Research Ltd (ESR); 2018. p. 66.

17. Zhang Y, Muscatello DJ, Wang Q, Yang P, Pan Y, Huo D, et al. Hospitalizations
for influenza-associatesevere acute respiratory infection, Beijing, China,
2014-2016. Emerg Infect Dis. 2018;24(11):2098-102.

18. LauzunV, Pivette M, Nicolay N, Scanff A, Hubert B. Caractéristiques des
hospitalisations avec diagnostic de grippe, France, 2012-2017. Saint-Maurice:


http://dx.doi.org/10.1186/s12879-023-08078-2
http://dx.doi.org/10.1186/s12879-023-08078-2
http://beh.santepubliquefrance.fr/beh/2019/28/2019_28_1.html
http://beh.santepubliquefrance.fr/beh/2019/28/2019_28_2.html
http://beh.santepubliquefrance.fr/beh/2019/28/2019_28_2.html

Bernadou et al. BMC Infectious Diseases

20.

21.

22.

23.

24,

(2023) 23:128

Santé publique France; 2019. 20 p. [cited 2019 sept 24]. Available from:
https://www.santepubliquefrance fr/docs/caracteristiques-des-hospitalisa-
tions-avec-diagnostic-de-grippe-france-2012-2017

Salje H, Tran Kiem C, Lefrancq N, Courtejoie N, Bosetti P, Paireau J, et al. Esti-
mating the burden of SARS-CoV-2 in France. Science. 2020,369(6500):208-11.
Guillon A, Laurent E, Duclos A, Godillon L, Dequin P-F, Agrinier N, et al. Case
fatality inequalities of critically ill COVID-19 patients according to patient-,
hospital- and region-related factors: a french nationwide study. Ann Intensiv
Care. 2021;11(1):127.

Hauge SH, Bakken 1J, de Blasio BF, Haberg SE. Burden of medically attended
influenza in Norway 2008-2017. Influenza and Other Respiratory Viruses.0(0).
Zhou H, Thompson WW, Viboud CG, Ringholz CM, Cheng PY, Steiner C, et al.
Hospitalizations associated with influenza and respiratory syncytial virus in
the United States, 1993-2008. Clin Infect diseases: official publication Infect
Dis Soc Am. 2012;54(10):1427-36.

Loury P, Jones G, Chappert J, Pivette M, Hubert B. Analyse de l'exaustivité et
de la qualité de la surveillance des grippes séveres, 2009-2013. Saint-Mau-
rice: Santé publique France; 2017. p. 59.

Bernard-Stoecklin S, Campése C. Parent du Chatelet I. Fardeau de la grippe en
France métropolitaine: bilan des données de surveillance des épidémies de
2011-2012 & 2021-2022. Saint-Maurice: Santé publique France; 2023. p. 16.

25.

26.

27.

28.

Page 9 of 9

Courtejoie N, Dubost C-L. Parcours hospitalier des patients atteints de la
Covid-19 lors de la premiere vague de [épidémie. 2020.

Piroth L, Cottenet J, Mariet A-S, Bonniaud P, Blot M, Tubert-Bitter P, et al.
Comparison of the characteristics, morbidity, and mortality of COVID-19 and
seasonal influenza: a nationwide, population-based retrospective cohort
study. The Lancet Respiratory Medicine. 2021;9(3):251-9.

XieY, Bowe B, Maddukuri G, Al-Aly Z. Comparative evaluation of clinical
manifestations and risk of death in patients admitted to hospital with
covid-19 and seasonal influenza: cohort study. BMJ (Clinical research ed).
2020;371:m4677.

Emanuel EJ, Osterholm M, Gounder CR. A National Strategy for the “New
Normal”of Life with COVID. JAMA. 2022,327(3):211-2.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://www.santepubliquefrance.fr/docs/caracteristiques-des-hospitalisations-avec-diagnostic-de-grippe-france-2012-2017
https://www.santepubliquefrance.fr/docs/caracteristiques-des-hospitalisations-avec-diagnostic-de-grippe-france-2012-2017

	﻿Estimating the burden of influenza-attributable severe acute respiratory infections on the hospital system in Metropolitan France, 2012–2018
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Hospitalization data
	﻿Definitions
	﻿Statistical analysis
	﻿Periodic regression
	﻿Generalized linear model
	﻿Estimated number of influenza-attributable SARI


	﻿Results
	﻿Description of SARI hospitalizations
	﻿Estimated influenza-attributable SARI hospitalization rates
	﻿Influenza-attributable SARI hospitalization estimates according to diagnostic category, age-group and region of hospitalization (periodic regression)

	﻿Discussion
	﻿Conclusion
	﻿References


