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ABSTRACT

Introduction: Influenza-associated excess mor-
tality and morbidity is commonly estimated
using statistical methods. In Germany, the Rob-
ert Koch Institute (RKI) uses the relative mor-
tality distribution method (RMDM) to estimate
influenza-associated excess mortality without
reporting age-specific values. In order to better
differentiate the distribution of the disease bur-
den, a distinction by age is of high relevance.
Therefore, we aimed to revise the existing excess
mortality model and provide age-specific excess
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mortality estimates over multiple seasons. We
also used the model to determine influenza-
associated excess hospitalizations, since the RKI
excess hospitalization model is currently based
on another approach (i.e., combination of excess
physician visits and hospitalized proportion).

Methods: This study was a retrospective data
analysis based on secondary data of the Ger-
man population from 1996-2018. We adapted
the RKI's method of estimating influenza-asso-
ciated excess mortality with the RMDM and also
applied this approach to excess hospitalizations.
We calculated the number of excess deaths/hos-
pitalizations using weekly and age-specific data.
Results: Data available in Germany are suit-
able for addressing the restrictions of the RKI'’s
mortality model. In total, we estimated 175,858
(176,482 with age stratification) influenza-associ-
ated excess all cause deaths between 1995-1996
and 2017-2018 ranging from 0 (17 with age
stratification) in 2005-2006 to 25,599 (25,527
with age stratification) in 2017-2018. Total influ-
enza-associated excess deaths were comparable
to RKI’s estimates in most seasons. Most excess
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deaths/hospitalizations occurred in patients
aged > 60 years (95.42%/57.49%) followed by
those aged 35-59 years (3,80%/24,98%). Com-
pared with our model, the RKI hospitalization
model implies a substantial underestimation of
excess hospitalizations (828,090 vs. 374,200 over
all seasons).

Conclusion: This is the first study that provides
age-specific estimates of influenza-associated
excess mortality in Germany. The results clearly
show that the main burden of influenza is in
the elderly, for whom prevention and control
measures should be prioritized.

Keywords: Influenza; Human; Excess
mortality; Hospitalization; Patient admission;
Germany

Every season, influenza causes substantial
morbidity and mortality across all age groups,
which can only be determined using statisti-
cal methods.

In Germany, influenza-associated excess moz-
tality is determined by the Robert Koch Insti-
tute (RKI) but without age-specific values,
which are highly relevant for understanding
the distribution of the disease burden.

Using age-specific data indicates that most
excess deaths occurred in patients aged > 60
years (i.e., 95.46%).

Most excess hospitalizations occurred in
patients aged > 60 years (i.e. 57.49%). How-
ever, the impact of hospitalizations in those
aged 18-59 years (i.e. 32,96%) should not be
neglected.

This clearly shows that the main burden

of influenza-associated mortality is in the
elderly, while influenza-associated hospitali-
zations also largely affect the working popu-
lation and are potentially responsible for
many disabilities.

INTRODUCTION

Influenza is a vaccine-preventable disease
which causes substantial morbidity and mor-
tality across all age groups, with the severity of
the disease burden varying from season to sea-
son. The Burden of Communicable Diseases in
Europe (BCoDE) 2009-2013 study, which was
conducted before the COVID-19 pandemic,
used the disability-adjusted life year (DALY)
as a key outcome measure. The study found
that, of all infectious diseases, influenza has
the greatest impact on health in the Euro-
pean Union and European Economic Area [1].
Influenza infection leads not only to acute res-
piratory illness but also to extra-pulmonary
complications (e.g., cardiovascular events), an
aspect of the disease burden often overlooked
[2-5].

Although mortality contributes substantially
to influenza’s public health burden, quantify-
ing the number of deaths is challenging; as
influenza is rarely confirmed by virologic test-
ing, it is consequently rarely reported as an
underlying cause of death. This leads to sub-
stantially inaccurate influenza-related mortal-
ity data and, most importantly, to an underes-
timation of influenza’s impact on deaths [6-9].

To overcome these obstacles, influenza-asso-
ciated mortality and morbidity is commonly
estimated using statistical methods [9, 10].
According to Li et al. [10], these methods can
be distinguished mainly by their use of a proxy
for influenza activity. The first group incorpo-
rates this proxy into generalized linear mod-
els for prediction. The most commonly used
proxies include the proportions or numbers of
laboratory samples that test positive for influ-
enza [11-14], ambulatory consultations for
influenza-like illness [15], or a combination of
both [16, 17]. The group without a proxy can
be roughly divided into three categories. First,
there is the group of so-called serfling-type
models [18-22], which use regression models
with Fourier terms. Another group uses non-
serfling regressions [23, 24]. Besides regression
use, the moving average method [25], or the
relative mortality distribution model [6], are
also methods without a proxy.
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Total excess death figures without age differ-
entiation have been reported for Germany by
the German public health institute (Robert Koch
Institute; RKI) for many years. For this purpose,
the RKI uses a simple approach based on the
annual distribution of monthly relative moz-
tality (relative mortality distribution method;
RMDM) applied to a time series of monthly
all-cause mortality data in Germany [6, 26, 27]
(see Methods). In most seasons, both a crude
and a conservative (an uncertainty interval is
subtracted) estimate are calculated. So far, this
method has relied on monthly aggregate death
figures without age stratification. However, age
stratification would help decision-makers target
the age groups most impacted by excess moz-
tality, with intensified prevention measures.
The elderly are more susceptible to influenza
infection and are at increased risk of developing
serious complications [28]. With 28.16% of the
German population aged > 60 in 2018 [29]—a
number likely to increase in the future—tar-
geting influenza prevention to these groups is
especially important. In addition, using weekly
instead of monthly data would improve accu-
racy, especially for the identification of an influ-
enza wave, while a distinction according to the
cause of death would provide further insights.

The aim of this study is to overcome the pre-
viously described limitations of the existing
excess mortality model by using weekly death
data stratified by age and cause of death, and
to update the estimated influenza-associated
excess mortality and hospitalization estimates
from 1996 to 2018.

METHODS

Study Design

This is a retrospective secondary data analysis of
the German population from 1996 to 2018. We
merged different datasets on influenza activity,
deaths, and hospitalizations, using weekly and
age-specific data to calculate the number of all-
cause influenza-associated excess deaths/hospi-
talizations, as well as excess values stratified by
age group and cause of death. The RMDM first

determines the average proportion of a calen-
dar week in the respective annual mortality over
the entire period. Thereby, only weeks without
influenza activity are used. The expected mor-
tality (without influenza in the background) of
a week can then be calculated by multiplying
the average weekly share by the corresponding
annual mortality. Subsequently, the excess mor-
tality in the weeks with influenza activity can be
estimated by subtracting the expected mortality
from the mortality that actually occurred.

Data Sources

To identify influenza activity periods, the dura-
tion (in weeks) of each influenza season in Ger-
many between 1996 and 2018 was gathered
from annually published influenza surveillance
reports from the RKI influenza working group
[32] and from the weekly epidemiological bul-
letin published by the RKI [33]. From 2008 to
2009 onwards, the reports directly present influ-
enza activity; prior to this, it could be accurately
deduced by combining both sources.

The weekly number of age-specific all-cause
hospital admissions and deaths throughout Ger-
many from 1996 to 2018 were obtained from the
Research Data Centre of the Federal Statistical
Office, and the Statistical Offices of the Federal
States (FDZ), which offer a range of data and
services for the scientific use of microdata from
national statistics [34, 35]. Extracted mortality
data also included the cause of death.

Data on population size and the correspond-
ing age structure in the study period were taken
from official demographic statistics of The Fed-
eral Statistical Office (Destatis) [29].

These datasets were merged using combina-
tions of the respective years and weeks.

No formal ethical approval was required as
no primary collection of individual human
data occurred and only anonymized healthcare
data were used. The used data from the RKI and
Destatis are openly available, while the data
from the FDZ required permission. No patient
consent was necessary as no primary collection
of individual human data occurred and only
anonymized healthcare data were used.
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Age Groups

In a model without age stratification, the num-
ber of total deaths and hospitalizations in older
people overshadows any smaller deviations in
younger people, leaving excess deaths and hos-
pitalizations in younger individuals undetected.
Therefore, we performed all analyses on four age
groups (0-17, 18-34, 35-59, > 60 years), in addi-
tion to a model without age stratification. To
allow a direct comparison with the publications
of the RKI, we tried to use the same age groups.
The choice of the limit at 60 years is based on
the recommendation of the Standing Committee
on Vaccination (STIKO) at the RKI, which recom-
mends influenza vaccination from the age of 60
[36]. For a more detailed excess mortality analysis
in the > 60 years age group, we further refined this
group into four age groups (60-69, 70-79, 80-89,
and > 90 years).

Mortality Outcome Categories

We used various outcome categories based on the
10th revision of the International Statistical Clas-
sification of Diseases and Related Health Problems
(ICD-10) that have previously been considered
in excess mortality studies from other countries
[10, 12, 14, 37]. These include pneumonia and
influenza (P&I; ICD-10 codes J09-J18), diseases
of the respiratory system (ICD-10 codes JO0-]99),
diseases of the circulatory system (ICD-10 codes
100-199), diseases of the circulatory and respira-
tory system (cardiorespiratory diseases; ICD-10
codes I00-199 and J0O0-J99) and all-cause (ICD-10
codes A00-Z99). With these categories, we covered
the entire range of sensitivity and specificity, with
all-cause being the broadest outcome definition,
but lacking specificity, and P&l being the most
specific one, but not encompassing all influenza-
related deaths [10-12]. Due to changes in the ICD
system in Germany (switch from ICD-9 to ICD-
10), cause of death stratification was only applied
from 1998.

Statistical Analysis

Influenza-associated excess numbers are defined
as the difference between numbers observed

during influenza weeks and expected numbers
based on weeks in the absence of an influenza
wave (baseline). Similar to the RKI, we used the
RMDM to calculate the baseline [6]. First, the
average deaths/hospitalizations per calendar
week were determined if the total deaths/hos-
pitalizations in a year were evenly distributed
across all weeks. Then, the actual deaths/hospi-
talizations were compared to the previously cal-
culated average in each week of the year, which
reflects the distribution of the ratio of weekly
deaths/hospitalizations to weekly average
deaths/hospitalizations (i.e., relative mortality/
hospitalization). The RMDM relies on the fact
that this distribution is fairly constant across all
observed years, with higher values in the win-
ter and lower values in the summer [6] (see also
Fig. 1) So, each week has a fairly constant share
of annual mortality/hospitalizations across the
years. According to Zucs et al. [6], the share of
each week in the total deaths/hospitalizations of
a year was determined for all years and thus the
average relative weekly share across all years was
obtained. Multiplying this weekly average by the
respective annual deaths/hospitalizations gives
the expected deaths/hospitalizations for each
week. However, the baseline calculated in this
way still contains influenza. In order to estimate
baseline mortality without influenza, weeks with
elevated influenza activity and simultaneously
more deaths/hospitalizations observed than
expected (model values) were excluded now.
By minimizing the residuals for the remaining
weeks, average weekly shares were recalculated.
This was repeated a second time to produce a
final baseline mortality/hospitalization model.
Finally, excess deaths/hospitalizations were
calculated by subtracting the expected base-
line from the observed deaths/hospitalizations.
Seasonal excess deaths/hospitalizations were
defined as the seasonal sum of positive weekly
excess deaths/hospitalizations. These steps were
repeated for subsamples, stratified by age and
reported cause of death.

Following the approach by RKI, a conserva-
tive estimate was obtained by subtracting one
standard deviation of the differences (residu-
als) between modeled and observed values of
the influenza-free weeks [38]. We calculated the
upper and lower 90% confidence interval (CI)
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Fig.1 Annual distribution of weekly all-cause mortality relative to the yearly average mortality for 1996-2018

for all values analogous to the RKI [6]. Analy-
ses were conducted using Microsoft SQL Server
Management Studio (17.4) and SAS (3.8).

RESULTS

Descriptive Statistics of Data Used for
Modeling

Between 1996 and 2018, the German population
increased from 82.01 to 83.02 million. In 1996,
21.41% of the population was aged > 60, increas-
ing to 28.16% in 2018. 34.77% to 37.69% were
aged 35-59 years, the age group to which the
largest proportion of the population belonged.
In total, between 819,226 and 952,294 people
died annually (all causes). While the number
of people who died from circulatory diseases
decreased from 415,010 (47.85% of all deaths) in
1998 to 344,190 (36.14%) in 2018, the number
of people who died from respiratory diseases and
P&l increased from 49,607 (5.72%) and 17,641

(2.03%) in 1998, to 71,479 (7.51%) and 23,126
(2.43%) in 2018, respectively. Hospital admis-
sions showed a similar pattern, ranging from
15,957,603 to 20,017,801 annual hospitaliza-
tions during the study period. This corresponds
to an increase of 22.50% from 1996 to 2018.

Model Characteristics (Distribution of
Weekly Data and Comparison of Observed
vs. Expected Values)

The variation of weekly mortality in relation to
the respective average weekly mortality through-
out the year remained fairly constant across all
observed years (Fig. 1). A similar pattern was
observed in the hospitalization model (see sup-
plementary material Figure S1).

Figure 2 displays observed and expected mot-
tality by week. Excess mortality is displayed by
the (shaded) area between the lines. Figure S2
(see supplementary material) shows the rates for
the hospitalization model.
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Estimated Influenza-Associated Excess
Deaths

The conservative estimates of influenza-asso-
ciated excess all cause deaths, with and with-
out age differentiation, compared to RKI val-
ues (1995-1996 to 2000-2001 [39]; 2001-2002
to 2017-2018 [31]), are presented in Table 1.
In total, we estimated 175,858 (176,482 with
age stratification) influenza-associated excess
all cause deaths between 1995-1996 and
2017-2018, with 25,999 (25,527) being from
the most recent season (2017-2018). Estimated
excess deaths are in line with RKI’s estimates
in most years. For the first seasons in the study
period (from 1995-1996 to 1997-1998), our
estimate differed due to database differences
in databases (RKI used data from 1988 onward).
The most significant difference occurred in
the 2014-2015 season, when RKI estimated
about 6000 more deaths than our model.
Excess mortality increased with age with most
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influenza-related deaths occurring in those
aged > 60 years (approximately 95% across
all seasons). Table 2 shows the same results as
mortality rates per 100,000 population.

To further examine the impact of influenza
on the elderly (aged > 60 years), we divided
this group into four subgroups. The conserva-
tive excess mortality results for these groups are
displayed in Fig. 3. See supplementary material
Table S1 for corresponding data.

Influenza had the greatest impact on the
elderly aged 80-89 years. Across all seasons,
43.19% of all deaths among people aged > 60
years were in those aged 80-89 years, followed
by those aged > 90 years (27.37%). About one-
fifth of deaths in the age group > 60 years were
those aged 70-79 years (21.32%).

Further insights are provided by the estimated
influenza-associated excess deaths when detailed
by cause of death (Fig. 4; supplementary mate-
rial Table S2).

Due to changes in the ICD catalogue, a dis-
tinction by cause of death could be carried out
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Fig.2 Weekly comparison of observed vs. expected death
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Fig.3 Influenza-associated excess all-cause deaths in the population > 60 years
beginning only from the 1998-1999 season. For influenza-associated hospitalizations. The

this period, we calculated 153,383 influenza-
associated all-cause, 113,306 (73.87% compared
to all-cause) cardiorespiratory, 74,792 (48.76%)
circulatory, 39,542 (25.78%) respiratory and
18,636 (12.15%) P&l excess deaths.

Estimated Influenza-Associated Excess
All-Cause Hospitalizations

Tables S3 and S4 (see supplementary material)
show the conservative estimates for excess
all-cause hospitalizations and demonstrate a
potential underestimation of the RKI’s estimates
compared to our model. In the study period,
we estimated 828,090 excess hospitalizations,
which is more than double the RKI's number
(374,200). In the most recent 2017-2018 season,
we estimated 70,455 (156.57% in comparison to
the RKI) excess hospitalizations.

The main results with age differentia-
tion are shown in Fig. 5. The biggest impact
(57.49% of all excess hospitalizations) was
in those aged > 60 years, with 560,109 excess

impact in the 2017-2018 season was even
higher, with 73.24% of all excess hospitaliza-
tions being in patients aged > 60 years.

DISCUSSION

We updated influenza-associated excess mortal-
ity and hospitalization estimates in Germany
for all seasons from 1995-1996 to 2017-2018
using weekly data and investigating potential
patterns in age and cause (for mortality only).
The publicly available data from the FDZ and
the RKI influenza working group appear to be
suitable for addressing the limitations in the
RKI’s mortality model named by the RKI itself.
Our model estimates aim to complement RKI’s
results, by providing an additional level of
detail needed for medical decision-making. We
found similar excess death results using weekly
instead of monthly death figures. Our conserva-
tive model calculated an annual weighted aver-
age of approximately 7600 (9.32 per 100,000
population) compared to RKI's 8500 (10.46 per
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100,000; self-calculated average [32]) excess all-
cause deaths. On average, more than 95% of esti-
mated excess mortality occurs in those aged > 60
years (7300; 35.25 per 100,000) and, within this
group, more than 43% of these excess deaths
occurred in patients 80-89 years (3200; 95.40 per
100,000). The estimated annual average excess
mortality from 1998-1999 through 2017-2018
across all ages was around 3700 deaths (4.56
per 100,000), 2000 (2.41 per 100,000), and 900
(1.14 per 100,000) with underlying circulatory,
respiratory, or P&l cause, respectively.

In general, there are considerable differences
in the statistical methods used in various stud-
ies to assess influenza-associated mortality and
the results vary widely, with estimates increas-
ing with age [10]. The systematic review from
Li et al. [10] found values between - 0.3 to
1.3, 0.6-8.3 and 4-119 respiratory deaths per
100,000 population for the different age groups,
defined as children, adults, and older adults. Our
values (0.18 per 100,000 (0-17 years), 0.70 per
100,000 (18-59 years), and 35.25 per 100,000
(= 60 years)) are in line with this and thus con-
firm the results found there.

We estimated an annual average of around
36,000 (43.90 per 100,000) excess hospitaliza-
tions attributed to influenza, compared to RKI'’s
17,000 (20.74 per 100,000) hospital admis-
sions. This suggests a potential, yet important,
underestimation of the RKI model, due to their
methodological approach. Influenza-associated
excess hospitalization in Germany is estimated
based on data from a surveillance system that
monitors medically-attended acute respiratory
infections (MAARI) in primary care practices.
This involves two steps: first, excess consulta-
tions in Germany are estimated using a general-
ized additive regression model (GAM), with the
age-specific weekly MAARI rate as a dependent
variable [13, 30], then, second, the proportion of
hospital admissions of all MAARI from the sur-
veillance are determined and multiplied by the
number of excess consultations, resulting in esti-
mated excess hospitalization [30, 31]. We believe
this two-step approach has a major limitation.
The surveillance data come from office-based
physicians; however, many referrals are not
made by the general practitioners themselves,
but rather by an on-call emergency physician or

in the emergency room of a hospital. Therefore,
the use of the proportion of hospital admissions
among all MAARI may substantially underesti-
mate influenza-related hospitalization burden as
shown here. As in the mortality model, excess
hospitalizations affect those aged > 60 years
most, with 57.49% of excess hospitalizations
in this age group (24,300; 117.26 per 100,000).
32.96%, or around one-third, of all excess hos-
pitalizations occurred in patients aged 18-59
(13,900; 29.74 per 100,000), which also has a
major impact on the economy and should not
be neglected. In Germany, the RKI estimates that
5.3 million people were unable to work due to
influenza in 2017-2018, with the highest pro-
portion in patients aged 35-59 at 2.9 million
(40].

Our results clearly show that the main bur-
den of influenza is in the elderly. For years, an
influenza vaccination coverage rate of 75% and
higher has been called for worldwide [41], and
especially in the EU [42], for this group. How-
ever, current data show [43] that, in 2022, the
rate for those aged > 60 years in Germany was
43.30%, falling far short of the target.

Influenza’s burden varies by season, which is
likely related to variations in circulating viruses,
vaccine effectiveness, and annual influenza
epidemic timing. We found the lowest excess
all-cause mortality occurred in 2005-2006 and
2009-2010, and the highest in 2016-2017 and
2017-2018. In contrast, excess all-cause hos-
pitalization rates were lowest in 1998-1999,
2000-2001, and 2007-2008, and highest in
2010-2011 and 2016-2017.

Unlike most other methods, the RMDM does
not use regressions, but relies solely on the recur-
rent relative mortality distribution pattern. It
does not require a certain number of observations
and does not use a proxy for influenza activity.
Compared to other much more complex models,
it is comparatively simple, practical, and does not
need advanced mathematical expertise. A current
internationally applied example of regression
models with an influenza activity proxy is the
FluMOMO model [16, 17, 37]. It is a time series
regression model using a Poisson distribution,
with correction for overdispersion, and includes
influenza activity and extreme temperature as
independent variables. Serfling-type models are
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also used internationally, to identify the cycli-
cal components in the time series using Fourier
terms [20, 21]. As with the RMDM, no proxy for
influenza activity is used. All the models men-
tioned use the same definition of excess values
(observed minus expected number) but calcu-
late the baseline differently. Regression models
require a minimum sample size (unnecessary for
the RMDM), and regression models’ overall com-
plexity is significantly increased and may be dif-
ficult for non-statisticians to apply.

Like the RKI model, our model is also subject
to some limitations. Since we define excess as the
difference between observed and expected val-
ues, we attribute every deviation from expected
mortality/hospitalization within the influenza
season to influenza. Other viruses that regu-
larly circulate in addition to influenza, as well
as other factors, might cause us to overestimate
the excess in given weeks. An overlap with other
virus epidemics, such as respiratory syncytial
virus (RSV)—which also has a substantial impact
in the winter season and could cause similar
health results in some seasons—could not be
ruled out. If possible, this should be controlled
in a future model. Similarly, environmental tem-
perature can have a substantial impact on mor-
tality/hospitalization and should therefore be
incorporated into predictive models to improve
accuracy. Furthermore, smaller subgroups and
weeks with fewer deaths on average might be
more susceptible to random outliers. In very
small groups, there is also always the possibility
that excess—not revealed by the RKI model—
could be random and not influenza-associated.

Analogous to the RKI method, we have set
negative values to zero in the calculation of the
excess. This a priori assumes that influenza can
only increase the rate and does not decrease it.
This can lead to a situation where positive ran-
dom deviations are no longer neutralized by
negative random deviations and the model thus
produces an excess that does not exist in reality.
With the awareness that we assumed a positive
association between influenza and excess mor-
tality/hospitalization, we wanted to maintain as
many similarities to the RKI model as possible.
So far, we have treated influenza by its presence
alone (i.e., binary); other models incorporate the

type of virus [14] or the strength of an influenza
wave [16].

Like any other study based on secondary data,
data collection was not adapted to our research
questions. The information is limited to billa-
ble services and therefore influenced by coding
quality of diagnoses and procedure; for example,
diagnoses for patients are coded by healthcare
providers that do not entirely correspond to the
clinical picture of the patient.

CONCLUSION

This is the first study providing age-specific esti-
mates of influenza-associated excess mortality
and hospitalization in Germany. The results
clearly show that the main burden of influenza
is in the elderly, for whom prevention and treat-
ment measures should be prioritized. Consider-
ing the fact that more than 95% of all influenza-
associated deaths occur in the elderly, significant
efforts should be made to increase vaccination
coverage in this age group.
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