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Summary
AIMS:This study evaluated an approach to establishing
a comprehensive nationwide surveillance system for
Clostridioides difficile infection in Switzerland. We report
the results of patient-related surveillance and calculate
the incidence rate of C. difficile infection in Switzerland in
2022.

METHODS: Initiated in 2017 by the National Centre for In-
fection Prevention (Swissnoso), in collaboration with the
Swiss Centre for Antibiotic Resistance (ANRESIS), labo-
ratory surveillance enables the automatic import of C. diffi-
cile infection laboratory data and is fully operational. How-
ever, the very limited number of participating laboratories
impedes the generation of representative results. To ad-
dress this gap, Swissnoso introduced patient-related sur-
veillance, with a questionnaire-based survey used across
Swiss acute care hospitals.

RESULTS: This survey revealed an incidence of 3.8 (Pois-
son 95% CI: 3.2–4.5) C. difficile infection episodes per
10,000 patient-days, just above the mean rate reported by
the European Centre for Disease Prevention and Control
(ECDC). Additionally, we report substantial heterogeneity
in laboratory tests, diagnostic criteria and infection control
practices among Swiss hospitals.

CONCLUSION: This study underscores the importance of
a joint effort towards standardized surveillance practices in
providing comprehensive insights into C. difficile infection
epidemiology and effective prevention strategies in Swiss
healthcare settings. The patient-related approach remains
the gold standard for C. difficile infection surveillance, al-
though it demands substantial resources and provides re-
sults only annually. The proposed implementation of na-
tionwide automated laboratory-based surveillance would
be pragmatic and efficient, empowering authorities and
hospitals to detect outbreaks promptly and to correlate in-
fection rates with antibiotic consumption.

Introduction

Clostridioides difficile is the most common gastrointestinal
healthcare-associated infection worldwide [1]. The spec-

trum of C. difficile infection ranges from diarrhoea to life-
threatening toxic megacolon [2, 3]. This infection signif-
icantly contributes to morbidity and mortality and
associated costs, with approximately 500,000 cases annu-
ally in the United States and 30-day mortality ranging from
6–11% [1,4] and even higher in ICU patients [5]. C. dif-
ficile infection was previously thought to be mainly trans-
mitted in hospitals but is increasingly recognized in am-
bulatory settings as well [6]. Three components are key to
the development of infection: acquisition of C. difficile,e.g.
from the environment; exposure to antibiotic therapy; and
host susceptibility to infection. Risk factors include age
>65 years, multiple comorbidities, chemotherapy or im-
munosuppressive treatments, recent surgery of any type
and proton pump inhibitor therapy. Despite treatment, re-
currence affects up to 30% of C. difficile infection patients
[7, 8]. Surveillance is crucial for comprehending the inter-
play of these factors and their effects on infection rates and
for developing intervention strategies. Prevention strate-
gies focus on two modifiable components: antibiotic expo-
sure and acquisition of C. difficile. Antibiotic stewardship
programs target both factors and can result in a 30% reduc-
tion in infection rates. More importantly, up to 80% of cas-
es are preventable if antibiotic stewardship programs are
paired with effective infection control measures [9, 10].

A systematic review and meta-analysis of 13 US studies
found that the incidence of hospital-onset C. difficile infec-
tion was 8.3 cases per 10,000 patient-days [11]. The Euro-
pean C. difficile infection study (ECDIS) – under the guid-
ance of the European Centre for Disease Prevention and
Control (ECDC) – has published several estimates of C.
difficile infection incidence in Europe over the last decade.
In 2008, the weighted mean incidence rate per 10,000 pa-
tient-days was 4.1 C. difficile infection cases per hospi-
tal (range 0.0–36.3). In 2013, the rate increased to 5.78,
and the most recent ECDC report for 2016–17 indicated
a crude incidence density of 3.48 C. difficile infections
per 10,000 patient-days [12–14]. Many European coun-
tries have nationwide surveillance programs, and several,
such as Belgium, France, Ireland, Malta and UK (Scot-
land), are performing comprehensive C. difficile infection
surveillance. Switzerland currently has no nationwide sur-
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veillance system, despite the active contributions of Swiss
experts to C. difficile research and guideline development,
such as the guidelines for prevention of C. difficile in-
fection for the European Society for Clinical Microbiolo-
gy and Infection (ESCMID). These guidelines, like other
international recommendations, advise surveillance for C.
difficile infection [15, 16]. Swissnoso – the Swiss National
Centre for Infection Prevention – is an association of infec-
tion control experts that formulates national infection con-
trol guidelines for acute care hospitals within the federal-
ly regulated Swiss healthcare system. The system serves 9
million inhabitants, with average life expectancies of 81.6
years for men and 85.7 years for women, through 278 hos-
pitals [17]. In 2017, with the Swiss Centre for Antibiot-
ic Resistance (ANRESIS), Swissnoso launched a laborato-
ry-based surveillance system that allows automated import
of C. difficile infection laboratory results into a database.
However, currently too few laboratories participate to al-
low an estimate of the burden of C. difficile infection in
Switzerland. As part of this project, a questionnaire was
administered to Swiss acute care hospitals in 2023 to es-
timate the incidence of C. difficile infection and to assess
current clinical practices and diagnostic approaches for C.
difficile infection. Here we report the most up-to-date esti-
mate of the national burden of C. difficile infection in acute
care hospitals in Switzerland.

Methods

A C. difficile infection surveillance reporting form was
crafted by Swissnoso and underwent pretesting in several
hospitals. The reporting form encompassed C. difficile in-
fection diagnoses, management measures, hospital para-
meters and the C. difficile testing algorithm and frequency.
Inclusion criteria involved inpatients with C. difficile in-
fection in acute care hospitals. Long-term care, psychiatric
and maternity hospitals were excluded, aligning with inter-
national surveillance protocols. Diagnostic criteria for C.
difficile infection adhered to definitions by the ECDC and
the Centers for Disease Control and Prevention (CDC; At-
lanta, USA) [18]. They were adapted to the Swiss hospital
setting while still allowing for comparison with the mini-
mal surveillance protocol of the ECDC [19]. C. difficile in-
fection was defined as a positive test result for toxigenic
C. difficile from clinical faecal samples. “Lab-based C. dif-
ficile infection” referred to diagnoses based solely on lab-
oratory results, while “C. difficile infection episode” was
used for symptomatic patients with C. difficile infection.
Recurrences were recorded, and duplicates, defined as re-
peated tests within 14 days of C. difficile infection diag-
nosis, were excluded. Our methodology deviated from the
reference protocols [19] mainly in the following character-
istics: we omitted the a priori distinction between commu-
nity- and healthcare-associated infections, as the routine
collection of information regarding the timing of previous
hospitalisations is not a standard practice in Switzerland.
Only adult patients were included in our analysis, and our
survey captured both clinical C. difficile infection and lab-
based C. difficile infection cases. A web-based survey cre-
ated using SurveyMonkey was sent to all Swiss acute care
hospitals participating in the Swissnoso surveillance sys-
tem. Trained infection control practitioners or infectious
disease physicians submitted information for their institu-

tions for the entire year from 1 January to 31 December
2022. The completion period for the electronic question-
naire spanned 10 weeks, with data submitted to Swissnoso
in aggregate form, devoid of patient-specific details. The
survey was available in German or French. Data entry was
possible for individual institutions or for a whole hospi-
tal group, which could submit cumulative data. All partic-
ipants were provided with instructions and explanations of
key parameters and were given opportunities to seek pro-
fessional support directly from the investigators and to pro-
vide written feedback throughout the survey period.

Survey preparation, distribution and analysis

Survey data were collected on SurveyMonkey [20] and un-
derwent processing, including plausibility checks and da-
ta cleaning. Subsequent statistical analyses were conducted
using Stata version 16.1 (College Station, TX: StataCorp
LLC) by a professional biostatistician (AS).

Variation in the completeness of participant responses ne-
cessitated separate analyses for each question, resulting in
nine different incidences to accommodate response hetero-
geneity. For the incidence rates, 95% Poisson confidence
intervals (CIs) were calculated. Incidence rates, expressed
as the number of C. difficile episodes per 10,000 patient-
days, were used as the main rates for comparison and mean
incidence rate determination, as recommended by the CDC
and ECDC surveillance protocols [18, 19]. Stratification
aligned with hospital categories – tertiary care hospitals,
primary care hospitals and specialized surgery hospitals
– according to Federal Statistical Office (BFS) classifica-
tion [17]. In summary, the 278 hospital facilities were cat-
egorized into three main groups: tertiary hospitals, which
provide advanced medical services; primary care hospitals,
which serve as essential community healthcare providers;
and a diverse group of specialized clinics (63.7% of the
institutions), mainly non-acute care facilities focusing on
specific medical areas, such as rehabilitation or psychiatry.
Our survey included acute care hospitals covering tertiary
care, primary care hospitals and specialized surgery hospi-
tals that exclusively provide specialized surgeries. Cluster-
ing within hospital types was not explicitly considered in
this analysis.

Results

In March 2023, the survey was sent to 129 facilities (acute
care hospitals or hospital networks), from which 67 re-
sponses were received, representing a response rate of 52%
(figure 1). Ten respondents provided cumulative data for
a hospital group; therefore, the actual number of partici-
pating institutions may be higher than indicated. Two chil-
dren’s hospitals were excluded from subsequent analyses.
Response rates varied by hospital type: the participation
rates were 77% (34/44 invited hospitals) for tertiary care
hospitals, 42% (21/50 invited) for primary care hospitals
and 34% (12/35 invited) for specialized hospitals. Our
sample covered 51% of acute care hospitals, as defined by
the Federal Office of Public Health (FOPH), across all re-
gions of Switzerland.
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Figure 1: Flowchart showing the number of participating hospitals in the Swiss C. difficile survey in 2022 and the response rates for key mea-
surements.

Figure 2: The incidence of C. difficile infections stratified by different hospital types. A: C. difficile episodes per 10,000 patient-days; B: C. diffi-
cile episodes per 100 beds; C: C. difficile episodes per 1,000 discharges. Boxes represent the interquartile range (IQR), with the median de-
noted by the central line. Whiskers: Extend to the minimum and maximum values within 1.5 times the IQR. Outliers: individually marked points
beyond this range. Each boxplot is derived from independent incidence calculators.

C. difficile infection incidence

Due to diverse monitoring practices, not all participants
could provide all parameters based on our case definitions.
Asking for the number of patients yielded the most an-
swers: in total, 1,593 patients with C. difficile infection
were reported from 49 participating facilities. The infec-
tion rates were analysed for each incidence calculation sep-
arately, including only hospitals that provided the variables
needed for each calculation. To account for the heterogene-
ity in the completeness of responses, this resulted in nine
different C. difficile infection incidences. The mean inci-
dence rate was 3.8 (Poisson 95% CI: 3.2–4.5) C. difficile
infection episodes per 10,000 patient-days for 2022. We
observed significant variation in C. difficile infection inci-
dence rates among hospital types (figure 2). When calcu-
lating incidence from lab-based C. difficile infection diag-

noses, the rate increased to 4.2 (Poisson 95% CI: 3.3–5.1)
lab-based C. difficile infections per 10,000 patient-days per
hospital, indicating a more than 10% increase solely by al-
tering the case definition in the numerator. A recurrence
rate of 10.7% (153/1,425 patients) was calculated from
the participants who provided data. Twenty-nine hospitals
were able to stratify by community-associated C. difficile
infection and healthcare-associated C. difficile infection.
The majority used a simplified definition for healthcare-as-
sociated infections, with a hospitalization duration of >48
hours as a cut-off, resulting in 50.4% of C. difficile infec-
tions being classified as community-associated infections
(442 of 860 C. difficile infections).
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Prevention, control and clinical management of C. dif-
ficile infection

In our sample, surveillance and infection control measures
were often institution specific and lacked nationwide con-
sistency. Notably, isolation practices differed from inter-
national guidelines that generally recommend single-room
isolation. Instead, Switzerland widely employs a risk-
adapted approach, with half of the respondents indicating
the use of additional individual criteria for isolation, pri-
marily for infection with hypervirulent ribotypes or for un-
cooperative or incontinent patients.

Laboratory diagnosis of C. difficile infection: microbi-
ological stewardship and test algorithms

Forty-three participants provided the numbers of laborato-
ry tests for C. difficile conducted in 2022. The mean num-
ber of tests performed was 76.5 per 10,000 patient-days
per hospital, with a mean positivity rate of 9.2% (table
1). Different diagnostic algorithms were reported. Overall,
58% of the laboratories followed internationally recom-
mended diagnostic algorithms. The most common screen-
ing test was a glutamate dehydrogenase (GDH)–based en-
zyme immunoassay (EIA), either alone or in combination
with toxin EIA, followed by a nucleic acid amplification
test (NAAT) for discordant results. Initial screening with a
NAAT was reported by 19.2% of respondents. Toxigenic
culture and susceptibility testing were available in only a
minority of hospitals (11.1%).

Discussion

This analysis provides the first nationwide estimate of C.
difficile infection incidence in Switzerland, utilizing the
most current data available. Our survey’s participation rate,
which exceeded 50%, is considerably higher than the aver-
age national representation in the European ECDC survey,
especially for countries without ongoing surveillance. Our
results align with earlier annual reports of ICD codes for
C. difficile in hospitalized patients that have been provided
routinely by the Federal Statistical Office. Although these
numbers cannot be directly compared to our results, they
indicate that our sample adequately represented the burden
of C. difficile infection infections in the Swiss healthcare
system.

These results can serve as a baseline for estimating the bur-
den of disease in Switzerland and for comparing infection
rates in the European context. In the latest ECDC publi-
cation, a crude incidence density of 3.48 C. difficile in-
fection cases per 10,000 patient-days was reported [14];
this closely resembles our survey’s rate of 3.83 (95% CI:
3.2–4.5) C. difficile infection episodes per 10,000 patient-
days. Like in the European results, tertiary care hospitals
exhibited the highest rates, at 3.87 C. difficile infection cas-

es per 10,000 patient-days, while the group of specialized
hospitals reported the lowest infection rates (figure 2). The
recurrence rates observed, both in Switzerland (10.7%) and
in the broader European context (12%), are lower than the
20–30% recurrence rates reported in earlier literature [7,
21].

Community-associated infections accounted for >50% of
C. difficile infections (442 cases of community-associated
C. difficile infection and 418 cases of healthcare-associated
C. difficile infection). This finding is surprising, as C. dif-
ficile infection is traditionally considered a healthcare-as-
sociated pathogen, and there are few data available on C.
difficile infection in ambulatory patients in Switzerland.
However, most hospitals used a simplified definition of
healthcare-associated C. difficile infection. International
recommendations suggest that the infections of patients
whose symptom onset occurred in the community but who
had recently been hospitalized should be classified as
healthcare-associated infections [22]. Swiss hospitals do
not routinely monitor for previous hospitalizations, so this
information was not readily available. The use of a simpli-
fied definition for healthcare-associated C. difficile infec-
tion therefore may have led to misclassification of cases.
Nevertheless, such a large proportion of community-asso-
ciated infections indicates that surveillance solely focused
on hospitalized patients might lead to substantial under-
diagnosis of C. difficile infection in the community by
overlooking a substantial portion of infections.

Diagnostic algorithms for C. difficile detection

Different tests are available for the detection of C. diffi-
cile,and the approach to testing varied across participants:
only 58% adhered to internationally recommended multi-
step algorithms [23]. This figure is lower than the ECDC’s
reported value of 76.8% [14]. Tertiary care hospitals ex-
hibited the highest compliance, at 73.3%, contrasting with
primary care hospitals, at 25%. The most common screen-
ing test was an EIA, often used with other testing methods
if needed. EIAs are rapid, simple and inexpensive and, as
part of a multistep algorithm, can accurately diagnose C.
difficile infection. Participants employing testing strategies
not recommended by guidelines were more likely to re-
ly on NAAT alone for the diagnosis of C. difficile infec-
tion. NAATs are accurate tests for C. difficile infection,
but, with their potential for overdiagnosis and higher costs,
they should be interpreted only in conjunction with other
parameters for C. difficile infection diagnosis. Notably, ex-
pertise in toxigenic culture, the reference test for C. dif-
ficile infection, was confined to a few laboratories in our
survey. Cultures are a prerequisite for susceptibility test-
ing and molecular typing of C. difficile strains, which is
uniformly recommended by international surveillance pro-
grams [18, 19].

Table 1:
Mean C. difficile incidence rate in Swiss acute care hospitals in 2022.

Measured indicator Incidence per 10,000 patient-days (95% CI) Incidence per 1,000 discharges (95% CI)

C. difficile episodes 3.8 (3.2–4.5) 2.1 (1.7–2.6)

Patients with C. difficile 3.4 (2.9–4.0) 1.9 (1.6–2.4)

Positive test results for C. difficile 4.2 (3.3–5.1) 2.4 (1.9–3.0)

CI: confidence interval
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With the use of suboptimal testing, both under- and overre-
porting are concerns, as demonstrated in previous studies
and ESCMID guidelines[23, 24]. Standardization of diag-
nostic approaches is needed to enhance the comparability
and accuracy of results in future C. difficile infection sur-
veillance efforts.

Prevention, control and management of C. difficile in-
fection

The lack of uniform national recommendations explains
the heterogeneity in the management of C. difficile infec-
tion. Even larger hospitals used individual case definitions.
While some institutions tracked symptomatic patients, oth-
ers focused solely on patients with a first C. difficile infec-
tion, and a distinct subset employed automatic surveillance
with positive test results (lab-based C. difficile infection).
While most hospitals received notifications of positive C.
difficile test results, only a modest 15.8% (9/57 responses)
routinely investigated healthcare-associated transmission
of C. difficile infections within their facilities. Notably, two
tertiary hospitals reported episodes of increased infection
rates, suggestive of potential transmission events, during
the survey period.

Important limitations must be considered when interpret-
ing our results. First, our sample did not include all hos-
pitals; however, we had a high participation rate among
larger hospitals. As these larger facilities care for most
patients with C. difficile infections, we believe that our
analysis represents the care of C. difficile infection patients
very well. Comparing our sample with the numbers of
ICD codes for C. difficile infection published by the Fed-
eral Statistical Office for previous years, our results seem
plausible. Additional comparison and validation would be
valuable once those statistics become publicly available for
2022. Second, the test algorithm was not reported by all
participants, which could have altered our results. Third,
the absence of clinical or outcome data precluded the as-
sessment of mortality, risk factors and the proportion of
preventable infections. We estimate that up to half the
1,593 C. difficile infection cases in 2022 could have been
prevented through rigorous adherence to antibiotic stew-
ardship and concomitant infection control measures, as-
suming a preventable percentage of 30% by antibiotic
stewardship coupled with at least a 20% reduction through
adequate infection control [9, 10].

Conclusion

Our evaluation of C. difficile infection in Swiss healthcare
institutions underscores the relevance of C. difficile infec-
tion as a healthcare-associated infection, as well as the ne-
cessity for standardized surveillance methodologies. We
propose the establishment of a continuous nationwide sur-
veillance system, as outlined by the ECDC, to provide a
basis for benchmarking and tailored interventions to re-
duce C. difficile infection rates. While the patient-related
approach remains the benchmark, its reliance on substan-
tial resources and annual reporting intervals poses inherent
limitations. In contrast, laboratory-based surveillance al-
lows for more frequent, potentially daily, reporting, there-
by enabling hospitals and authorities to promptly address
escalating C. difficile infection rates. As the prerequisites
for an automated laboratory-based surveillance system al-

ready exist in Switzerland, now a larger database is re-
quired, and participation needs to be promoted among di-
agnostic laboratories. Continuous monitoring will
empower authorities in assessing the burden of infections
and evaluating whether additional strategies are needed.
Laboratory-based surveillance has additional benefits for
hospitals, including promptly detecting outbreaks and
serving as a tool in antibiotic stewardship programs by cor-
relating infection rates with antibiotic consumption.

A timely and concerted effort towards the establishment of
a standardized surveillance program for Switzerland is es-
sential to provide insights into the current C. difficile infec-
tion epidemiology and effective prevention strategies.
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