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ABSTRACT

Introduction: Clostridioides difficile infection
(CDI) is a recognized global threat especially for
vulnerable populations. It is of particular con-
cern to healthcare providers as it is found in
both hospital and community settings, with
severe courses, frequent recurrence, high

mortality and substantial financial impact on
the healthcare system. The CDI burden in Ger-
many has been described and compared by
analysing data from four different public
databases.
Methods: Data on hospital burden of CDI have
been extracted, compared, and discussed from
four public databases for the years 2010–2019.

G. Brestrich (&)
Pfizer Pharma GmbH, Berlin, Germany
e-mail: Gordon.brestrich@pfizer.com

F. J. Angulo
Medical Development and Scientific/Clinical
Affairs, Pfizer Vaccines, Collegeville, USA

F. K. Berger
Institute of Medical Microbiology and Hygiene,
University of Saarland, Homburg, Saar, Germany

F. K. Berger � L. von Müller � A. Mellmann
National Reference Center for Clostridioides
(Clostridium) Difficile, Homburg/Münster,
Coesfeld, Germany

S. Hagel
Institute for Infectious Diseases and Infection
Control, University Hospital–Friedrich Schiller
University, Jena, Germany

A. Leischker
Phillips University, Marburg, Germany

C. Lübbert
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Hospital days due to CDI were compared to
established vaccine preventable diseases, such
as influenza and herpes zoster, and also to CDI
hospitalisations in the United States (US).
Results: All four databases reported comparable
incidences and trends. Beginning in 2010,
population-based hospitalised CDI incidence
increased to a peak of[137/100,000 in 2013.
Then, incidence declined to 81/100,000 in
2019. Hospitalised patients with CDI were pre-
dominantly[50 years of age. The population-
based incidence of severe CDI was between 1.4
and 8.4/100,000 per year. Recurrence rates were
between 5.9 to 6.5%. More than 1,000 CDI
deaths occurred each year, with a peak of
2,666 deaths in 2015. Cumulative CDI patient
days (PD) were between 204,596 and 355,466
each year, which exceeded cumulated PD for
influenza and herpes zoster in most years,
though year-to-year differences were observed.
Finally, hospitalized CDI incidence was higher
in Germany than in the US, where the disease is
well recognized as a public health threat.
Conclusions: All four public sources docu-
mented a decline in CDI cases since 2013, but
the disease burden remains substantial and
warrants continued attention as a severe public
health challenge.

Keywords: Burden of disease; Clostridioides
difficile; Germany; Hospital; Incidence;
Surveillance

Key Summary Points

Why carry out the study?

CDI poses a significant health risk
globally. CDI surveillance at national and
regional level is a powerful tool to
improve the understanding of CDI
epidemiology and to support disease
prevention and control.

In Germany, four public surveillance
systems publish their results
independently utilizing different
methodologies.

What was learned from the study?

This is the first analysis providing a
comprehensive overview of data from
these sources and describing the CDI
burden on a national level over a 10-year
period.

The four systems yielded similar
population-based incidences and trends
over time, indirectly confirming their
validity.

The documented burden of CDI on the
German healthcare system is large, with
high numbers of hospitalizations, severe
cases, recurrences, and deaths.

No public surveillance for community-
treated CDI exists in Germany, and it is
likely that CDI in Germany is still
underreported.

INTRODUCTION

Clostridioides difficile (formerly Clostridium diffi-
cile, C. difficile) is a ubiquitous, anaerobic, Gram-
positive spore-forming bacterium. About 5–10%
of healthy persons are C. difficile carriers, but,
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under certain conditions, toxigenic strains can
lead to C. difficile infection (CDI). Two clos-
tridial toxins primarily mediate pathogenicity:
toxin A and toxin B [1]. Of note, some strains
such as ribotype 027 (RT027) may express an
additional toxin (CDT, binary toxin, gene:
cdtAB) which may lead to more severe courses of
disease. RT027 has also been the cause for rising
CDI incidence in several countries, including
Germany [2]. Multidrug resistance in RT027 and
other nosocomial strains is common, and might
have facilitated its spread [3]. In contrast,
between 2015 and 2017, new guidelines for
infection prevention and hygiene in the hospi-
tal setting have been implemented in Germany
and new treatment options became available.
These measures can cause a reduction of CDI
incidence [4–7].

Clinical symptoms of CDI range from mild,
self-limiting diarrhoea to fulminant colitis, and
can include pseudomembranous colitis, toxic
megacolon, bowel perforation, sepsis, and
multiple organ dysfunction syndrome [1].
Known risk factors for CDI include antibiotic
exposure, previous hospitalisation, defined
underlying diseases, and advanced age [8]. In
developed countries, C. difficile is considered
the main infectious cause of antibiotic-associ-
ated diarrhoea [1].

CDI poses a significant health risk for vul-
nerable populations and is of particular concern
to healthcare providers due to severe disease
outcomes, frequent recurrence, high mortality,
and associated financial impact on the health-
care system. CDI surveillance at national and
regional level is therefore required to improve
our understanding of CDI epidemiology and to
support efficient allocation of healthcare
resources for disease prevention and control [9].

In Germany, three different nation- or sta-
tewide public surveillance systems and one
database provide information on hospitalised
CDI cases (Table 1). These individual surveil-
lance systems publish their results separately,
and, until today, no comparisons between them
are available. In this analysis, data from these
sources are compared and discussed to provide
physicians and healthcare decision-makers with
a comprehensive overview of the overall burden
of CDI in German hospitals. To our knowledge,

this is the first study describing the burden of
CDI on a nationwide level in Germany.

Overall hospitalizations, population-based
incidences, disease severity, recurrence rates
and mortalities are described over a period of
10 years. In addition, CDI burden is compared
to those of herpes zoster and influenza, two
other infectious diseases that have a high
prevalence in the elderly population. To put the
German burden into a global perspective, it is
compared to data from the Emerging Infections
Program (EIP) of the United States Centers for
Disease Control and Prevention (CDC); C. dif-
ficile has been classified as an urgent public
health threat in the United States (US) [10].

METHODS

Data Sources

No ethical approval was required for this study as
data were extracted from public sources. Its col-
lection was conducted as part of the routine
surveillance and health data monitoring in
accordance with German and European law and
regulations. All public databases were queried
during June/July 2021 for the period from 2010 to
2019. Data from the CDC EIP were available only
from 2012 to 2019. The COVID-19 pandemic and
associated public health interventions led to a
dramatic decrease in the number of reported cases
for most infectious diseases in Germany in and
after 2020. Regarding CDI, the difference between
expected and reported case numbers was over
30% and it remains unclear to what degree this
reduction reflects a true decline or is the result of
fewer diagnoses due to social distancing and
inadequate reporting [11]. To obtain a represen-
tative evaluation, data from 2020 and later were
therefore not included in our analysis.

CDI Diagnosis in Germany

All CDI cases recorded in the four public data-
bases were identified in the context of routine
clinical work-up following recommendations in
clinical guidelines. According to the recent
ECCMID guideline, there is no unique and

Infect Dis Ther (2023) 12:1057–1072 1059



simple way to obtain a diagnosis for CDI. The
combination of clinical signs and a two-step
testing algorithm remains the recommended
gold standard [12]. The German clinical guide-
lines on gastrointestinal infections recommend
prompt testing in all patients that present with
diarrhoea or elevated risk for CDI. The recom-
mended first step of the testing algorithm is an
immunoblot to directly detect glutamate

dehydrogenase in the stool sample. A positive
result should then be confirmed by testing for
toxins A and B [13].

Robert Koch-Institute (RKI)

Nationwide mandatory reporting is limited to
severe hospitalised CDI cases based on the

Table 1 Public sources for information on CDI in Germany

Robert Koch Institute (RKI) Saxon State
Health and
Veterinary
Research
Institute (LUA)

National
Reference Center
of Nosocomial
Infections
(CDAD-KISS)

Federal Health Monitoring
(GBE-Bund)

CDI surveillance systems

Geographic

coverage

Nationwide Federal state of

Saxony

Partial surveillance Nationwide

Who

reports

Attending physician Attending

physician

Dedicated infection

control staff at

participating

hospitalsa

Coding staff at participating

hospitalsb

Reporting Mandatory: Hospitalised CDI

cases with severe course of

disease

Mandatory: All

symptomatic

CDI cases in

Saxony

Voluntary: All

hospitalised CDI

cases

Administrative data of

hospitalised CDI cases at

hospital discharge: CDI

diagnoses (based on ICD-10

coding)

CDI case

definition

Clinical- and laboratory-

confirmed

Clinical- and

laboratory-

confirmed

Clinical- and/or

laboratory-

confirmed

Clinical- and/or laboratory-

confirmed

Surveillance

data: Public

access

Continually updated data

available via online database

SurvStat@RKI [14] and

published in annual reports

[15]

Annual reports

published on

LUA

homepage [16]

Annual reports

published on

CDAD-KISS

homepage [17]

Main diagnoses available via

online database, secondary

diagnoses on request [18]

Reported

incidence

Population-based severe

hospitalised CDI incidence

Population-based

hospitalised

CDI incidence

CDI admission rate Hospitalised CDI main and

secondary diagnoses

CDAD-KISS Hospital Infection Surveillance System; CDI Clostridioides difficile infection; GBE-Bund Information System
of the Federal Health Monitoring; LUA Saxon State Health and Veterinary Research Institute Saxony; RKI Robert Koch-
Institute
a572 hospitals out of 1.914 in 2019 [21]
b[1.400 hospitals out of 1.914 in 2019 [21, 22]
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German Federal Infection Protection Act.
Physicians report cases to the RKI’s infection
surveillance database. Severe CDI is defined as:

• The patient is admitted to a medical facility
for treatment of a community-onset CDI,

• The patient is admitted to an intensive care
unit for treatment of CDI or its
complications,

• Surgical intervention, e.g. colectomy, is per-
formed due to megacolon, perforation or
refractory colitis; or

• The patient dies within 30 days of being
diagnosed with CDI and the infection is
considered a direct cause of death or a
contributing cause of death.

In addition, all reported cases must be labo-
ratory-confirmed.

The first criterion was modified in 2016:
previously, only a hospital re-admission due to
recurrent CDI was reported. The data from the
RKI online database Survstat@RKI [14] were
queried stratified by patient age, and the
respective RKI annual reports [15] were con-
sulted for the number of CDI-associated deaths.

Landesuntersuchungsanstalt (LUA)
Saxony

Hospitalised and non-hospitalised CDI cases in
Saxony (approximately 4.1 million inhabitants in
2019) must be reported by the attending physician
to the public health offices, as mandated in the
federal state’s Infection Protection Act. Subse-
quently, they are reviewed to differentiate between
severe and mild or moderate symptomatic cases
using a short physician questionnaire, and the data
are then transferred to the State of Saxony’s Health
andVeterinaryResearch Institute.All casesmustbe
laboratory-confirmed. CDI cases and related
deaths were extracted from the yearly reports
published on the LUA homepage [16].

Clostridioides Difficile-Associated Disease
Krankenhaus-Infektions-Surveillance-
System (CDAD-KISS)

CDAD-KISS is a voluntary surveillance program
that included 572 German hospitals in 2019,

covering approximately 43% of all patient-days
in Germany. All hospitalised CDI cases are
recorded. A laboratory confirmation is not
explicitly required for the reporting, but CDAD
cases must fulfil one or more of three criteria:

• Diarrhoea or toxic megacolon and either
culture-based detection of toxigenic C. diffi-
cile or detection of its toxins and/or toxin
genes (e.g. through ELISA or PCR) in a stool
sample;

• Endoscopic detection of pseudomembra-
nous colitis;

• Histopathologic detection of CDI (even
without diarrhoea) by endoscopy, colectomy
or autopsy.

A CDAD case is defined as recurrent if
symptoms disappeared for more than 1 week
and a new CDAD case occurs within 8 weeks
after symptom resolution. The definition for a
severe case in CDAD-KISS is identical to that
used by RKI. Data on total (2010–2019), severe
(2016–2019) and recurrent cases (2019) were
extracted from the yearly reports published on
the CDAD-KISS homepage [17].

Gesundheitsberichterstattung des Bundes
(GBE-Bund)

The diagnoses of all discharged inpatients are
recorded by the German Federal Statistical
Office in an annual survey in the GBE-Bund
database. It contains administrative claims
based on International Classification of Disease,
Tenth Revision (ICD-10) coded discharge diag-
noses. The number of hospitalised patients with
a main diagnosis of CDI, their average length of
stay, and the number of CDI-related deaths are
accessible online; secondary diagnoses or ICD-
10 subcategories can be obtained through
request to the German Federal Statistical Office
[18]. Our queries included main and secondary
CDI-related ICD-10 codes A04.7 (enterocolitis
due to C. difficile) and U69.40! (recurrent C.
difficile infection; only available 2016–2019)
stratified by age. To investigate severe cases, the
following subcategories were requested for
2016–2019 A04.71 (‘‘without megacolon, with
organ complication’’), A04.72 (‘‘with
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megacolon, without organ complication’’) or
A04.73 (‘‘with megacolon, with organ compli-
cation’’). Similar queries were conducted for
patients with seasonal and zoonotic/pandemic
influenza (ICD-10 J09 and J10) and herpes zos-
ter (ICD-10 B02). GBE-Bund also provides cause
of death statistics by collecting mandatory data
from official death certificates.

Emerging Infections Program (EIP)

The EIP of the United States Centers for Disease
Control and Prevention (CDC) is a population-
and laboratory-based CDI surveillance system
that records hospitalised and non-hospitalised
cases. In 2019, EIP covered 35 counties in
10 states with a total of[12 million inhabi-
tants. Hospitalisation status is determined by
medical records review for hospitalisation
within 7 days of laboratory diagnosis. Annual
reports of CDI cases and incidences are available
for 2012–2019 on the EIP homepage [19]. The
number of total US hospital admissions
(2016–2019) was taken from the CDC Health-
care-associated Infections (HAI) progress report
data tables published on the CDC HAI home-
page [20].

Data Evaluation

RKI
To allow comparison between the different data
sources, population-based hospitalised severe
CDI incidence (number of CDI hospitalised
severe cases/100,000 population per year) was
calculated. To describe the demographic char-
acteristics of CDI, cases were aggregated into age
groups in 5-year increments between the ages
50 and C 85 years. Overall and age-specific
incidence was calculated for each age cohort
obtained from the German Federal Statistical
Office [23].

LUA
Population-based CDI incidence (number of
CDI cases/100,000 population per year) was
calculated using the average annual German
population of Saxony for the respective years
[23].

CDAD-KISS
Since not all hospitals participate in CDAD-
KISS, to derive estimates of the population-
based hospitalized CDI incidence, the reported
CDI cases were extrapolated nationwide. As the
total number of patients treated in CDAD-KISS
hospitals is reported yearly (i.e. 2017:
9,490,100), the annual CDAD-KISS market share
was calculated based on GBE-Bund total Ger-
man hospital admissions (i.e. 2017:
19,952,735). Nationwide CDI case numbers
were extrapolated using the CDAD-KISS market
share (i.e. 2017: 47.6%) [23].

GBE-Bund
Population-based hospitalised CDI incidence
was calculated using the average annual Ger-
man population [23]. To determine the CDI
recurrence rate, the number of primary CDI
cases was calculated as the sum of main and
secondary diagnoses A04.7 per year minus the
number of recurrences that are coded as sec-
ondary diagnoses (U69.40!) in the same year.
Case aggregation into age groups and calcula-
tion of age-specific incidence were conducted as
described for RKI data. For mortality, the official
German cause of death statistics based on
physician-issued death certificates and the ICD
code A04.7 as primary cause of death was
counted. Deaths with secondary diagnosis of
CDI are not recorded in the death statistics. The
mortality statistics include nosocomial and
community-acquired CDI cases.

EIP
For calculation of population-based hospitalised
CDI incidence, the yearly population estimates
from the United States Census Bureau were used
[24]. The US CDI hospitalisation rate is available
in the EIP 2017 and 2019 reports, Tables 4 [19]
and A1, respectively [25]. Aggregation over all
CDI cases and age groups results in a proportion
of 51% of CDI cases hospitalised in 2017 and of
50% in 2019. The 2018 report directly states a
proportion of 47% of treated CDI cases that
either required hospitalisation for their CDI or
were already hospitalised at the time of their
CDI diagnosis. To extrapolate the proportion of
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hospitalised CDI from 2012–2016, the average
of 49% was used.

RESULTS

CDI Case Numbers and Incidences

In 2010, GBE-Bund recorded 86,510 hospi-
talised CDI cases (main and secondary diag-
noses A04.7). Case numbers increased
to[100,000 hospitalised cases per year
2012–2015, reaching a peak in 2013 with
110,961 cases. Starting in 2016, the case num-
bers steadily declined to 67,247 in 2019. The
GBE-Bund population-based hospitalised CDI
incidence increased from 105.8 cases/
100,000 in 2010 to a peak at 137.6/100,000 in
2013. From 2015, population-based hospitalised
CDI incidence steadily declined to 80.9/100,000
in 2019 (Fig. 1). Similar trends were observed in
CDAD-KISS and LUA (Fig. 1). As RKI data

include severe cases only, reported cases and
incidence were 30- to 200-fold lower. However,
in contrast to the other surveillance systems,
the population-based incidence of severe cases
in RKI continued to increase until 2018. The
population-based hospitalised CDI incidence
for 2019 from GBE-Bund, stratified by age
groups, increased with advancing age (Table 2).

Differences in population-based hospitalised
CDI incidences between individual Federal
States did not show any particular trends, and
therefore could not be attributed to factors such
as age distribution or rural versus urban areas
(data not shown).

Recurrence and Severity

Data on CDI recurrence are available in GBE-
Bund from 2016 onwards and in CDAD-KISS
from 2019. In 2019, GBE-Bund recorded 63,571
primary hospitalised CDI cases and 3,676
recurrent cases, resulting in a recurrence rate of
5.8%. This was similar to CDAD-KISS, which
reported 26,403 hospitalised CDI cases and
1,600 (6.0%) recurrent cases in 2019. For
2016–2018, the numbers of primary hospi-
talised CDI cases and recurrent cases (%) were
90,384 and 5,289 (5.9%), 83,748 and 5,449
(6.5%) and 76,254 and 4,866 (6.4%), respec-
tively. The population-based recurrent CDI
incidence in 2019 increased with age (Table 2),
while the recurrence rate was stable over age
groups (data not shown).

Table 3 shows the incidence of severe hos-
pitalised CDI for 2016–2019. In all four report-
ing systems, severe hospitalised cases accounted
for only a small proportion of hospitalised CDI
cases. There was no clear increase or decrease
over time. Population-based incidence of severe
hospitalised CDI in CDAD-KISS was twice as
high as for RKI and LUA. GBE-Bund incidence
was lowest. Age-stratification of RKI severe
hospitalised CDI cases for 2019 increased with
advanced age (Table 2).

Mortality

Data on CDI mortality were analysed from GBE-
Bund. Parallel to the incidence of CDI, the

Fig. 1 Trends of hospitalised CDI cases/100.0000 pop-
ulation/year from the three German surveillance systems
RKIa, LUAb, CDAD-KISS, the German GBE-Bund
database and the US CDC Emerging Infections Program.
CDI Clostridioides difficile infection; CDAD-KISS Hospi-
tal Infection Surveillance System; GBE-Bund Information
System of the Federal Health Monitoring; LUA Saxon
State Health and Veterinary Research Institute Saxony;
RKI Robert Koch-Institute, US CDC EIP US Centers for
Disease Control and Prevention Emerging Infections
Program, aincludes severe cases only, balso includes non-
hospitalized cases
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number of CDI-related deaths increased from
1,131 in 2010 to a peak of 2,666 cases in 2015.
Subsequently the number fell to 1,006 cases in
2019 (Fig. 2). However, CDI death trends were
more pronounced than those of CDI cases (ap-
prox. 136% increase of deaths vs. approx. 14%
increase of cases, then 62% vs. 37% decrease,
respectively).

The majority of CDI-related deaths occurred
among patients of advanced age (Fig. 2). In

2019, 959 of the 1,006 CDI-related deaths
([95%) were among patients C 65 years, and
more than 80% were among patients C 75 years.

Hospital Burden

To better quantify the overall burden on the
German healthcare system, the annual number
of patient-days (PD) required to treat CDI in

Table 2 Data of hospitalised, recurrent, and severe CDI stratified per age group, for the year 2019

Age [years]

< 50 50–54 55–59 60–64 65–69 70–74 75–79 ‡ 80

Hospitalised CDIa

Number of cases 5,653 1,914 3,147 4,182 5,731 6,266 11,096 29,258

Incidence (cases/100,000 population) 12.3 28.2 47.2 75.1 118.6 172.4 278.6 528.6

Recurrent CDIb

Number of cases 204 92 149 240 322 369 662 1638

Incidence (cases/100,000 population) 0.4 1.4 2.2 4.3 6.7 10.2 16.6 29.6

Severe CDIc

Number of cases 220 67 90 117 148 198 333 1088

Incidence (cases/100,000 population) 0.4 1.0 1.3 2.1 3.1 5.4 8.4 19.7

ICD-10 International Classification of Disease, Tenth Revision
aGBE-Bund ICD-10 A04.7
bGBE-Bund ICD-10 U69.40!
cRKI

Table 3 Population-based incidence of severe hospitalised CDI reported by the different surveillance systems 2016–2019

Annual population-based incidence of severe
hospitalised CDI: cases/100,000 population per year
(proportion severe/ overall cases in %)

RKI LUA CDAD-KISS GBE-Bund

Cases/
100,000

% Cases/
100,000

% Cases/
100,000

% Cases/
100,000

%

2019 2.7 NAa 4.7 6.2 8.4 11.9 1.4 5.6

2018 3.4 NAa 4.2 4.4 6.8 8.2 1.9 6.3

2017 3.4 NAa 4.8 4.6 6.6 7.5 2.1 6.5

2016 2.8 NAa 4.4 3.9 6.5 6.7 2.6 7.6

Case definitions for severity differ between the individual surveillance system (see Methods section)
CDI Clostridioides difficile infection; CDAD-KISS Hospital Infection Surveillance System; GBE-Bund Information System
of the Federal Health Monitoring; LUA Saxon State Health and Veterinary Research Institute Saxony; NA not applicable;
RKI Robert Koch-Institute
aRKI reports severe hospitalised cases only
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hospitals were calculated. For this analysis only
main CDI diagnoses were considered (i.e. the
reason why a patient was admitted to hospital)
to avoid the potential bias that hospitalization
itself is a risk for acquiring CDI. Based on GBE-
Bund main A04.7 diagnosis from 2019, 20,257
patients were treated in German hospitals with
an average length of stay of 10.1 days, resulting
in overall 204,596 PD.

To put this burden in a broader context, it
was compared to herpes zoster and influenza,
which are two other infectious diseases that
mainly affect the elderly. CDI PD exceeded
those for influenza (ICD-10 J09 and J10) and
herpes zoster (ICD-10 B02) in all years
2010–2017 (Fig. 3). CDI cases decreased from
2015 while zoster cases steadily increased over
the whole reporting period. In 2019, zoster
surpassed CDI PD. Influenza cases fluctuated
more and, only during the strong influenza
seasons 2017/18 and 2018/19, influenza PD
exceeded those for CDI.

Among CDI hospitalisations, the average
length of hospitalisation decreased from 11.5 to
10.1 days between 2010 and 2019, while for
zoster, length decreased from 8.7 to 8.1 days.
For influenza, no clear trend was observed, and

the average length of hospitalisation varied over
the years between 5.2 and 10.1 days.

Comparison to US CDI Incidence

Next, GBE-Bund population-based incidence of
hospitalised CDI was compared to the US EIP
surveillance system for the years 2012–2019.
The incidence of hospitalised CDI in Germany
ranged from 98–138 hospitalised cases per
100,000 population per year, which was higher
than in the US (58–73/100,000). Both countries
showed similar trends with a slight and steady
decrease from 2015 onwards (Fig. 1).

In addition, the population-based incidence
of overall hospital admission was compared.
The incidence of overall admissions was 2.5-fold
higher in Germany (2018: 23,893 admission/
100,000 population per year) compared to the
US (2018: 10,238 admissions/100,000 popula-
tion per year). Also in 2019, average length of
hospitalisation for CDI was much shorter in US
with 5.4 days [26] compared to 10.1 in
Germany.

Fig. 2 Age-stratification of CDI-related deaths 2010–2019 including nosocomial and community-acquired CDI cases
(source: GBE-Bund)
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DISCUSSION

The analysis of four CDI surveillance systems
comprehensively assessed the hospital burden
of CDI in Germany. Countrywide reporting
occurs through the administrative claims data-
base of the hospitals (GBE-BUND) and the
mandatory reporting of severe cases by the RKI.
This is complemented by two partial reporting
systems: the voluntary reporting in a subset of
hospitals (CDAD-KISS) and the mandatory
reporting of hospitalised and non-hospitalised
cases in the State of Saxony (LUA).

The four reporting systems are independent
and utilize different methodologies for CDI
surveillance. LUA is the most comprehensive, as
it is the only system that includes both hospi-
talised and non-hospitalised CDI cases. CDAD-
KISS and GBE-Bund concentrate on hospitalized
cases but neither of them requires laboratory
confirmation. Lastly, the RKI describes only a
small proportion of the disease as it focuses on
severe hospitalized cases only.

Despite these differences in the individual
surveillance systems, LUA, CDAD-KISS, and
GBE-Bund yielded similar population-based
incidences and trends over time. This indicates
a general validity of the reported data without
individual bias in one of the systems. Until
2016, there were more than 100,000 hospi-
talised CDI cases reported each year. Since then,
the number has declined. Three new guidelines
have been issued by the Commission for
Hospital Hygiene and Infection Prevention in
2015 and 2016, updating prevention measures
of proper hand hygiene, isolation of infected
patients and capacity planning of hospital
hygiene staff [5–7]. In addition, efforts of
antimicrobial stewardship have been intensified
in the same period [27–29]. These are likely
important drivers of the observed reduction of
CDI incidences in the surveillance datasets.

Nevertheless, there might be general bias
affecting all three systems, like incomplete stool
sampling and testing leading to underdiagnosis
of the true CDI incidence in Germany. Previous

Fig. 3 CDI-related overall PD compared to PD for influenza (ICD-10 J09 and J10) and herpes zoster (ICD-10 B02) per
year 2010–2019 (source: GBE-Bund). CDI Clostridioides difficile infection; PD patient days
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studies suggested that underdiagnosis of CDI is
likely. A recent study conducted in the Muen-
ster/Coesfeld area showed that only 34% of
hospitalised patients with new onset diarrhoea
had a stool specimen collected and tested for
CDI [30]. Similar results have been obtained for
the US [31]. In addition, among patients with
stool samples collected, a substantial proportion
are not tested for CDI due to lack of clinical
suspicion, or have suboptimal laboratory test-
ing, leading to further underestimation of dis-
ease. The EUCLID study estimated that 24.5% of
CDI cases in Germany are missed due to these
factors [32]. For example, an initially unde-
tected increase of transmission and spread of
the hypervirulent C. difficile strain RT027 after
2010 was identified only by literature review
[33].

Also, no public surveillance for community-
treated CDI exists in Germany and the burden
of disease in the outpatient setting cannot
therefore be quantified. LUA surveillance
reports community-treated CDI cases together
with hospitalized cases. Overall LUA cases are
very similar to the other surveillance system
and, therefore, reporting of non-hospitalised
CDI cases appears to be low. It may be con-
cluded that CDI can be regarded as a nosoco-
mial infection, but C. difficile is increasingly
being recognized as a cause of community-onset
diarrhoea [1, 34]. Therefore, it is more likely
that CDI in Germany is highly underreported in
the community due to lack of clinical awareness
and testing. Implementation of a national
surveillance system of community-treated CDI
could help to fully describe the burden of CDI
and to raise physicians’ awareness.

The RKI reports severe hospitalised CDI only.
RKI population-based incidence of severe hos-
pitalised CDI increased from 2015 onwards.
This is likely related to the broadening of case
definition that became effective in 2016. LUA
reported a similar incidence of severe hospi-
talised CDI as RKI surveillance. This is not sur-
prising as the LUA cases are routinely forwarded
to the RKI by the local Saxony health depart-
ments. GBE-Bund reported a lower incidence of
severe hospitalised CDI than RKI and LUA: It is
likely that severe diagnoses are only coded if
they are relevant for hospital revenue. CDAD-

KISS reported the highest incidence of severe
hospitalised CDI. A possible explanation could
be the overrepresentation of larger hospitals
within the voluntary KISS reporting system. In
2019, the market share of all German hospital-
isation days in the 572 CDAD-KISS hospitals
was 43%. This indicates that participating hos-
pitals are mainly large clinics as there are
approximately 1900 hospitals in total in Ger-
many [21]. Such hospitals have the resources to
support isolation rooms, in-house laboratory
facilities and specialised infection control per-
sonnel dedicated to and well trained in infec-
tion surveillance, and may therefore treat more
severe cases compared to smaller institutions.
Like with overall CDI cases, underreporting of
severe CDI by the RKI may be common. In
Munich and Nuremberg between 2013–2016,
there were 4.6- and 2.3-fold more CDI deaths
reported on death certificates compared to
deaths among severe hospitalised CDI cases in
the RKI surveillance [35]. Similar results were
obtained from a study in Frankfurt [36].

The data from GBE-Bund and CDAD-KISS
report comparable rates of recurrence of
5.8–6.5% for 2016–2019. In contrast, a health
claims study analysing German data reported
higher rates of 18.2% for first recurrence and up
to 30% for subsequent recurrences in 2012 [37].
Other international studies confirm these
higher rates [1, 38]. There may be several rea-
sons for the discrepancy. The health claims
study contained hospitalised and non-hospi-
talised CDI patients, while the surveillance sys-
tems include hospitalised patients only and
therefore miss a substantial proportion of
recurrences. Moreover, the health claims anal-
ysis was conducted in 2012 when CDI inci-
dences peaked. In contrast, the recurrence data
collection in the public surveillance started in
2016. Another reason could be the update of the
CDI clinical treatment guideline in 2017 [4]. In
this update, metronidazole was replaced by
vancomycin as the drug of choice to treat initial
CDI, and vancomycin is associated with supe-
rior clinical cure rates and lower recurrence
rates.

A substantial number of deaths are associ-
ated with hospitalised CDI in Germany. Hospi-
talised CDI cases and deaths showed parallel
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trends in 2010–2019 but the increase
2010–2013 as well as the decrease in 2015–2019
was steeper for mortality. A similar trend was
observed in the epidemiology of the hypervir-
ulent subtype RT027 in Germany that is asso-
ciated with increased morbidity and mortality
[29]. The spread of RT027, subsequent intensi-
fied antibiotic stewardship efforts, the new
clinical treatment guideline and the curbing of
infection transmission in healthcare facilities
can explain observed mortality trends. As with
CDI cases, there may be significant underre-
porting of CDI-associated deaths in Germany.
Mortality data are obtained from death certifi-
cates which are prone to underreporting of
specific diseases especially in the elderly popu-
lation [39]. Also, the GBE-Bund surveillance
system only counts deaths where CDI can be
assumed to be the causative factor for death.
Deaths with secondary diagnosis of CDI are not
recorded in the death statistics and are therefore
most likely underreported.

The surveillance data show that advanced
age is a risk factor for a more severe disease,
recurrent infection or death among hospitalised
CDI cases. This is also described extensively in
the literature [40]. Therefore, any new preven-
tative measures targeted to reduce CDI burden
will have to take this into account. Similarly,
the assessment of new therapeutic or preventive
interventions by health economic models will
need to consider the increased risk associated
with advanced age. The age-stratified data pre-
sented in this work could be a valuable source in
any such analyses.

The overall burden of disease of hospitalised
CDI on the German healthcare system is large.
We showed that 204,596–355,466 PD are asso-
ciated with hospitalised CDI annually. To put
these estimates into further context, this yearly
hospital burden of CDI was compared to those
of influenza and herpes zoster. This study
showed that, in most years, CDI hospitalisa-
tions resulted in more hospitalization days than
influenza or zoster. Impressively, even in 2017,
when influenza vaccine effectiveness was sub-
optimal [41], the resulting high influenza hos-
pital burden in 2018 was only as high as the
yearly burden of CDI in 2011–2015. This anal-
ysis clearly shows that CDI represents a

substantial healthcare burden that requires
attention from physicians, the public and
healthcare stakeholders.

Finally, the incidence of hospitalised CDI in
Germany was compared to that in the US EIP
surveillance system. Differences exist in report-
ing methodologies, as the EIP conducts active
population-based surveillance and ascertains all
laboratory-confirmed CDI cases within the
surveillance area, whereas GBE-Bund represents
administrative ICD-10 data. Even though a
certain degree of variance between EIP and GBE-
Bund can be assumed, studies showed the use-
fulness and comparability of these sources [42].
Compared to EIP, the incidence of hospitalised
CDI was higher in Germany. Furthermore, the
incidence of overall hospital admission per
100,000 population was 2.5 times higher in
Germany than in the US. Also, on average,
patients stay 5.4 days for CDI in hospital in the
US [26] compared to 10.1 days in Germany. The
prolonged hospital exposure of the German
population may be one reason for the increased
population-based CDI incidence, as hospitali-
sation is a well-known risk factor for CDI. The
US incidence of CDI treated exclusively in the
outpatient setting is estimated to be the same as
that treated in hospitals [43]. For Germany, no
surveillance exists for non-hospitalized CDI,
hampering a complete comparison between the
two countries. However, the higher incidence of
hospitalised CDI in Germany impressively
shows the high burden of CDI on the healthcare
system and patients’ lives. In the US, the CDC
has classified CDI as an ‘‘urgent threat’’ that
requires immediate and consequent action by
all healthcare stakeholders [10]. In Germany,
CDI continues to be underestimated as a public
health problem.

This study analysed data from public
surveillance systems which have individual
limitations due to their structure and the design
of case definitions. Limitations are highlighted
in the Discussion, and can result in individual
under- or overestimation of the overall CDI
burden. Besides highlighting the high burden of
CDI on healthcare systems, this work has
described in detail each public surveillance sys-
tem established in Germany, and discussed
individual limitations and strengths in order to
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provide physicians and healthcare decision-
makers with a comprehensive and recent over-
view, and to allow them an accurate interpre-
tation of the publicly available data.

CONCLUSIONS

The four public surveillance systems provide
comprehensive information on the yearly bur-
den of CDI in German hospitals on a national
level. Despite different surveillance method-
ologies utilized, population-based incidences
and trends over time are similar, indicating a
general validity of the reported data. Albeit
numbers of hospitalised CDI cases have been
declining since 2016, our analysis shows that
the burden of CDI on the healthcare system
remains at a high level. New therapeutic or
preventive interventions are required to further
address this public health problem. The data of
the four systems can be valuable for health
economic modelling studies to assess such new
approaches in future. In addition, the estab-
lishment of a surveillance system to measure
the burden in the outpatient setting is required
to fully assess the impact of CDI disease.
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Advanz. Christoph Lübbert reports lecture and
consulting fees from Tillots. Phillip A. Reuken
reports lecture or consulting fees from Pfizer,
CSL Behring, BMS and Dr. Schwabe Pharma.
Fabian K. Berger reports consultant fees from
Pfizer, MSD and research support from Tillots.
Thomas Weinke reports lecture or consulting
fees from BioNTech, Falk Foundation, GSK,
MSD, Pfizer, Roche, Sanofi Pasteur and Seqirus.
Gordon Brestrich, Frederick J. Angulo, Christian
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