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Abstract

Purposes Despite reports of a declining incidence over the last decade, Clostridioides difficile infection (CDI) is still con-
sidered the most important healthcare-associated causes of diarrhea worldwide. In Germany, several measures have been
taken to observe, report, and influence this development. This report aims to analyze the development of hospital coding for
CDI in Germany over the last decade and to use it to estimate the public health burden caused by CDI.

Methods Reports from the Institute for Hospital Remuneration Systems, German Federal Statistical Office (DESTATIS), the
Robert-Koch-Institute (RKI), Saxonian authorities and hospital quality reports during 2010-2021 were examined for CDI
coding and assessed in a structured expert consultation. Analysis was performed using 2019 versions of Microsoft Excel®
and Microsoft Access®.

Results Peaks of 32,203 cases with a primary diagnosis (PD) of CDI and 78,648 cases with a secondary diagnosis (SD)
of CDI were observed in 2015. The number of cases had decreased to 15,412 PD cases (— 52.1%) and 40,188 SD cases
(— 48.9%) by 2021. These results were paralleled by a similar decline in notifiable severe cases. However, average duration
of hospitalization of the cases remained constant during this period.

Conclusions Hospital coding of CDI and notification to authorities has approximately halved from 2015 to 2021. Potential
influential factors include hospital hygiene campaigns, implementation of antibiotic stewardship programs, social distancing
due to the COVID-19 pandemic, and a decrease in more pathogenic subtypes of bacteria. Further research is necessary to
validate the multiple possible drivers for this development.
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Introduction

Clostridioides difficile (C. diff.) is a gram-positive spore-
forming anaerobic bacterium that can be isolated from
environmental sources and human feces [1, 2]. Coloniza-
tion with C. diff. is not typically harmful, as other bacteria
in the digestive system regulate the growth and toxin produc-
tion of C. diff. through regulation of intraluminal intestinal
bile acids [3, 4]. When commensal microbiota are disturbed
through antibiotic exposure or other factors, C. diff- can grow
in its vegetative state and produce toxins that damage the
intestinal epithelium [5-7]. Risk factors for C. diff. infec-
tion (CDI) include hospitalization, advanced age, impaired
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immunocompetence, and any event that disturbs the balance
of the intestinal microbiota [8—10]. The nature and severity
of CDI vary considerably, ranging from self-limiting diar-
rhea to complications like an ileus, toxic megacolon, perfo-
ration, septic shock, and death [2, 11].

Until recent years, many reports about the growing inci-
dence of CDI and its impact on the healthcare system were
published [12—-17]. CDI was repeatedly found to be the lead-
ing cause of healthcare-associated infections, accounting for
most cases of hospital-acquired diarrhea in the United States
[18-21]. CDI was also recognized as an emerging issue in
German hospitals [22]. It is associated with a significant
burden of morbidity and mortality; for instance, it has been
reported to cause up to 10% of all recorded nosocomial
infections [23, 24]. CDI treatment causes prolonged hos-
pital stays, increases the need for antibiotics, transfusions,
and transfer to intensive care units, also recurrence is a large
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problem and episodes of recurrence are associated with sig-
nificant mortality in the frail and eldely population [25-27].
The Robert-Koch-Institute (RKI), the German government’s
central scientific institution responsible for the surveillance
of infectious diseases, included severe CDI in the chapter
“Diseases with current importance” in its Epidemiological
Yearbook 2014 [28]. A German National Reference Center
(NRC) for C. diff. was established in 2017 in Homburg/Saar.
The emergence of highly virulent strains, such as ribotype
(RT)-027, was suspected to exacerbate the clinical problem,
worsen the outcome, and increase the burden of illness in
general [29-32].

This report aims to examine the development of hospi-
tal coding for CDI in Germany over the last decade and to
estimate the development of the associated public health
burden. Furthermore, patient demographics and clinical
outcomes were analyzed as far as the data were available.
In addition, the incidence of severe CDI in Germany as
reported to the Robert-Koch Institute, which most likely
reflects clinical reality, were related to the data obtained
from hospital coding.

Methods
Collection of hospital data

Publicly available data from the Institute for the Hospital
Remuneration System (www.g-drg.de), the Federal Statis-
tical Office (DESTATIS; www.destatis.de), and hospital
quality reports [33] covering the period 2010-2021 were
examined. We searched for coding of primary diagnosis
(PD) and secondary diagnosis (SD) of CDI, as well as cod-
ing for recurrent CDI. In addition, the chronological course
of reports of serious illnesses related to CDI at the RKI dur-
ing 2010-2020 and the Annual Report 2010-2020 of the
National Institute for Health and Veterinary Investigation
in Saxony were analyzed. Analysis was performed using
Microsoft Excel® and Microsoft Access® (both version
2019).

In the hospital sector, the diagnosis of CDI can be coded
as PD or SD. According to the German coding system, a
PD is coded, if CDI is considered to be the main reason for
the hospitalization. A SD is coded for patients hospitalized
for reasons other than CDI, but if CDI occurred during the
hospital stay or as a preexisting condition. In cases in which
patients were referred from one hospital to another, they are
usually registered as new cases. Thus, the sum of hospital
cases with PD and SD will overestimate the total number
of affected patients. In the German hospital reimbursement
system (G-DRG) each case is denoted with a PCCL (Patient
Clinical Complexity Level), which is an integer value
between 0 and 6 calculated according to an annually adapted
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mathematical formula. It denotes the overall patient-related
severity in medical-economic classification systems [34].

Consultation of experts

The qualitative results presented in this analysis were based
on a structured narrative review through group consultation
with clinical experts from Germany. The team consisted of
experts in clinical gastroenterology and/or infectiology.

Results

In Germany, coding of hospital cases of primary (PD) and
secondary (SD) diagnoses of CDIs increased steadily from
2010 until a peak in 2015 followed by a decline to until 2021.
In 2010, there were 23,207 PD cases and 63,416 SD cases.
In 2015, numbers had risen to 32,203 (+38.8%) and 78,648
(+24.0%), respectively. After 2015, a downward trend saw
case numbers decrease to 15,412 PD cases (— 52.1% from
2015) and 40,188 SD cases (— 48.9% from 2015) in 2021
(Fig. 1). In tandem, the CDI incidence dropped from 6.8 in
2015 to 4.3 in 2021 per 10,000 hospital-patient-days.

The sex distribution hardly shifted; in 2010, 61.0% of
PD-coded patients (14,150) and 53.0% of those with SD
(33,604) were female. By 2021 the proportion of females
had reduced to 59.1% (— 1.9%) of PD-coded patients (9122)
and 51.0% (— 2.0%) of those with SD (19,940). CDI cases
occurred more frequently in older patients than in younger
patients. In 2020, patients between 70 and 95 years of age
comprised 72.7% of cases with PD and 66.9% of cases with
SD. The average age of CDI patients decreased over time. In
2015, the average ages were 75.1 years for PD and 75.9 years
for SD of CDI. In 2021, these average ages had decreased
to 71.8 years and 72.6 years, for PD and SD respectively
(Fig. 2). Notably, the average age of all hospital cases in
Germany rose from 55.2 in 2015 to 56.2 in 2021. The aver-
age patient clinical complexity level (PCCL) was different
between the types of diagnosis in 2021: 1.6 for PD cases and
3.3 for SD cases. The differences in the PCCL compared to
those in previous years were minimal.

The average length of hospitalization in each case
remained constant over time. For PD, the average length of
hospital stay was 10.6 days in 2015 and 9.9 days (— 6.1%)
in 2021. For SD, hospital durations were 26.5 days in 2015
and 26.0 days (— 1.9%) in 2021. The overall length of stay
in German hospitals was 7.4 days in 2015 and 7.2 days
(— 2.7%) in 2021. Consequently, the hospital days with PD
or SD of CDI were reduced by 47.5% from 2015 to 2021:
from 2,424,511 days to 1,271,950 days owing to a reduction
in cases, but not to a change in length of stay. Overall, 62.7%
of PD and 67.1% of SD cases were classified at discharge as
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Fig.2 Development of the average age of coded CDI patient cases in
German hospitals from 2015 to 2021 for primary and secondary diag-
nosis

cases for supervised care and were assigned an official care
classification (if not already existing).

In 2021, the in-hospital mortality rates of patients with
SD and PD were 13.4% (5383 of 40,118) and 5.7% (886 of
15,412), respectively. The official German statistics based on
death certificates reported 2666 deaths with CDI as the main
cause of death in 2015. A reduction to 950 deaths (— 64.4%)
was seen in 2020 [35]. Overall, 7.9% of the patients with
SD and 3.1% with PD were transferred to another hospital.

CDI, as a coded hospital case, had five subcategories
(Table 1). The case distributions of those with PD and SD

-+~ Secondary diagnosis

were similar. Enterocolitis without megacolon or other organ
complications accounted for 77.3% of PD cases and 74.3%
of SD cases. Among cases with organ complications, 4.7%
and 3.4% of the patients had PD and SD, respectively. Mega-
colon was coded in 1.3% of patients with PD and 1.0% of
patients with SD. CDI as unspecified was labeled in 16.6%
of PD cases and 21.9% of SD cases.

In 2022, an internal medicine intensive care unit was pre-
sent in 1250 German hospitals [33]. Overall, 1237 hospitals
between 2015 and 2020 had at least one case of CDI as
PD (data for 2021 not available). A total of 288 hospitals
accounted for 50% of all cases. University hospitals treated
5.7% of all patients with PD. Of these patients, 89.4% were
treated in an internal medicine department before discharge,
followed by 5.7% who were treated in surgical departments.

In Germany, reporting of severe courses of CDI to local
authorities is mandatory, and data are merged at federal level
(RKI). At the time of the manuscript preparation, complete
data were available until 2020, with 1595 severe cases
reported. Overall, 96.5% of severe cases were hospitalized
(n=1502), and 19.2% of patients with survival data avail-
able died (n=296). The median patient age was 79 years. In
mid-2016, the RKI changed the definition for severe CDI.
Specifically, in May 2016 the criterion ‘Inpatient readmis-
sion due to recurrent C. difficile infection’ was replaced by
‘Inpatient admission due to an outpatient acquired C. difficile
disease’. This new definition was fully implemented in 2019
and complicated data comparability [36]. Under the former
categorization, the number of reported cases increased from
470 to 2151 (+358%) between 2010 and 2015. The number
of reported severe cases decreased from 2827 in 2018 to
1145 in 2021 (— 59.8%).

Saxony is the only federal state in Germany where report-
ing of any level of CDI is mandatory [37], with 4.9% of
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Table 1 Enterocolitis caused by Clostridioides difficile according to the German modified (GM) International Classification of Diseases, Tenth

Revisions (ICD-10)

e If a recurrent infection with Clostridioides difficile is indicated, an additional key number (U69.40!)

Enterocolitis caused by Clostridioides difficile without megacolon, without other organ complications

Enterocolitis caused by Clostridioides difficile without megacolon, with other organ complications

Enterocolitis caused by Clostridioides difficile with megacolon, without other organ complications

Enterocolitis caused by Clostridioides difficile with megacolon, with other organ complications

ICD-10GM-2022 Description
A04.7 Enterocolitis caused by Clostridioides difficile
e Including food poisoning caused by Clostridioides difficile
o Including pseudomembranous colitis
must be used
A04.70
A04.71
A04.72
A04.73
A04.79

Enterocolitis caused by Clostridioides difficile, unspecified

Germans living there in 2021 [38]. The highest number of
CDI cases was reported in 2011 with 5837 notifications. By
2021, this number steadily decreased to 3017 (— 48.3%). In
addition, the Saxonian authorities distinguished severe from
non-severe cases by applying federal guidance. In 2015, the
year before the change in definition of severe cases, 1.5% of
all reported cases were classified as severe. In 2018, after
full implementation of the definition, 4.2% of all cases were
classified as severe.

Discussion

Until recent years, CDI was identified as an increasing con-
cern to health care systems, based on its rising incidence in
in- and outpatient settings worldwide. This development has
led to growing concerns about CDI-associated mortality and
the CDI-related economic burden on health care systems
[12-17, 29, 39—41]. In the last few years, a change in this
trend has been reported for hospital-acquired CDI in the
United States of America [42]. In line with these findings,
German hospital claims data demonstrated an approximately
50% decrease of CDI cases from 2015 to 2021. These find-
ings are supported by similar trends in the statistics of severe
cases reported to the responsible federal authority (RKI),
which comprises mainly hospitalized cases. Furthermore,
the data from Saxony, where reporting of any CDI in man-
datory show a comparable result. Also, the official German
statistics based on death certificates, where CDI is docu-
mented as a direct cause of death, confirmed the proportion
of the decrease. These reductions can also be expressed in
incidence per 10,000 patient-days. In Germany, the median
values were 7.0 in 2007 [43] and 8.2 in 2011 [41]. In our
analyses, we found a decrease in the CDI incidence per
10,000 patient-days from 6.8 in 2015 to 4.1 in 2021 in the
hospitalization data. While all the reporting systems used
for our analyses have their specific limitations, the fact that
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a broad range of data sources delivered similar results, sug-
gests their general reliability.

Different reasons for this epidemiological trend reversal
have been discussed. In the United States, the impact of
the COVID-19 pandemic has been reported as a potential
protective factor [44-46]. The overall number of hospi-
talizations declined from 2016 with 146.4 million hospi-
tal days and 20.1 million cases to 123.5 million hospital
days (-15.7%) and 17.2 million cases (-14.6%), respectively
in 2021 [47]. Less time spent in the hospital may protect
against nosocomial infections. Social distancing and avoid-
ance of hospitalization have also been observed in Germany.
However, the emergence of COVID-19 protection measures
does not fully explain the changing epidemiology, as the
trend reversal was already underway in 2015.

The following factors are likely to play a role as well. In
the last decade, the national public health institute of Ger-
many (RKI) has run several campaigns to increase hospital
hygiene. In 2011, the recommendations of the Commission
for Hospital Hygiene and Infection Prevention (KRINKO)
and the Commission on Anti-Infectives, Resistance, and
Therapy (ART) at RKI became compulsory for German hos-
pitals and other health care facilities. Hospitals were obliged
to create conditions in accordance with the KRINKO recom-
mendations on organizational and human resource require-
ments for the prevention of nosocomial infections by 2019.
A special financial program was established to promote hos-
pital hygiene, with a budget of approximately 672 million
Euros, which ended in 2022 [48]. A systematic evaluation
of the program was not intended. Thus, the effects on the
reduction in CDI are not quantifiable. In addition, the path-
ways for acquisition of C. diff. have not been fully explained
to date [49].

As outlined above, antibiotic use is the main driver of
CDI [5-7]. The ambulatory prescription of antibiotics
peaked in Germany in 2013. Ever since, there has been a
steady decrease of annual prescriptions. This may be partly
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to several concerted national activities aimed at the reduc-
tion of antibiotic consumption, such as the German anti-
biotic resistance strategy (Deutsche Antibiotika-Resisten-
zstrategie [DART]) implemented in 2015 and its follow-up
project called DART 2020. After a reduction in the use of
fluoroquinolones had shown to be a highly effective measure
in reducing the burden of CDI [50], it is has been advised to
restrict the use of fluoroquinolones in Germany [51].

Finally, the German state started in 2013 the funding of
the systematic training of infectious disease specialists [52].

Changes in the prevalence of different CDI strains in
Germany may also have contributed to incidence dynamics.
The German NRC examined isolates obtained from sam-
ples sent between 2014 and 2019 for diagnostic reasons and
those from a Tertiary Care University Center, and confirmed
RTO027 as the most prevalent strain; however, they also found
that since 2016, there was a consistent decrease in RT027
cases [53]. It remains unclear whether this decrease in cases
of the RT027 strain is a driver for the decrease in overall
cases, or whether the mentioned measurements led to an
overall decrease in cases, as well as in the RT027 strain.
Another aspect that may have impacted incidence estimates
is the quality of diagnostic measures. While in the last dec-
ade, it was assumed that the true incidence rate of CDI was
being underestimated owing to a lack of awareness among
physicians in combination with suboptimal laboratory
diagnostics [39]. With the rise of PCR-based diagnostics,
an overestimation of CDI cases may have followed [54].
Furthermore, the aggregated hospital data did not deliver
detailed information on C. diff. diagnostics. Overall, any
bias associated with the level of physicians’ awareness of
CDI and the choice of adequate testing algorithms cannot
be corrected for.

Readmissions of patients with CDI are common [55-57],
and the rate of recurrence is estimated to be approximately
15-35% of all CDI cases. Patients who experience recur-
rent episodes are at risk of second and subsequent recur-
rences [58]. Hospital data did not allow for differentiation
of readmission. In Germany, any readmission to the same
hospital within 30 days after discharge was counted as one
case. Historically, the readmission rate was reported to be
3.9% for CDI [41].

Conclusions

The number of hospital billing cases with a PD or SD of
CDI was reduced to half between 2015 and 2021. This
trend was confirmed by the cases resulting from manda-
tory reporting of severe CDI at the federal level, by repost-
ing of any case of CDI in one German federal state, and
finally by cases based on death certificates. Despite this

quantitative development, the severity of the average case
as reflected by length of stay, complexity and mortality
remained unchanged indicating that the impact on the
health care system is still high.

These data do not identify the reasons for this trend.
There may be several possible explanations. German
authorities campaigned to reduce the use of antibiot-
ics with proven success. Additionally, a major hospital
hygiene program was implemented. Social distancing and
reduction in hospitalizations may have had an impact, as
well. Finally, a reduction in the number of RT027 strains
might be a cause for this decrease as well, it is difficult to
judge whether this was an affected or rather a natural trend
though. Overall, further research is necessary to determine
the specific contributions of all possible factors.
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