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Abstract
Background Clostridium di�cile infection (CDI) is a relevant healthcare burden worldwide and one of the
leading causes for nosocomial diarrhea. Besides mild courses, the development of a severe infection can
occur and has a relevant impact on healthcare costs and patient outcome.

Methods We conducted a retrospective cohort study over a 4 year-long period to analyze the incidence of
CDI and the contributing risk factors for a severe course at a tertiary care clinic. Independent risk factors
were determined by a multivariable logistic regression analysis.

Results A total of 761 CDI cases were identi�ed in the study period, thereof 612 (80.4%) cases were
nosocomially acquired. The mean incidence for a CDI was 0.42 cases per 1000 patient-days. A severe CDI
occurred in 131 cases (17.2%). Independent risk factors for a severe course were pulmonary disease, a
Charlson comorbidity index >3, and a preceding antibiotic therapy within three months with glycopeptides
(vancomycin/teicoplanin) and/or aminoglycosides.

Conclusions This study highlights the relevant burden of CDI in hospitals. Moreover, it underscores that
speci�c knowledge of risk factors contributing to severe CDI is crucial to optimize treatment, infection
prevention measures and to guide clinical monitoring and therapy strategy.

Background
Clostridium di�cile (CD) is a Gram-positive, anaerobic bacterium which may produce various toxins and can
then cause toxin-related intestinal infections (CD infection; CDI) [1][2]. The major symptom of CDI is
diarrhea. However, severe complications such as fulminant colitis can occur as well. Major risk factors for
the onset of CDI are the application of antibiotics (antibiotic-associated diarrhea) and old age [3][4]. CD
spores can persist in the environment for extreme long time periods and, thus, facilitate nosocomial
transmission and outbreaks [5][6]. Unfortunately, CDIs have become an increasing clinical and �nancial
burden in healthcare settings all over the world [7][8][9]. Especially severe CDI courses contribute
signi�cantly to the morbidity and mortality of affected patients. Thus, knowledge of risk factors for such a
severe course of CDI is of high relevance for infection control and prevention efforts as well as practical
treatment strategies.

This study therefore provides data on the incidence of severe CDI and contributing risk factors.

Methods
A 4 year-long retrospective cohort study including all cases with CDI was conducted at the Hannover
Medical School, a 1,500-bed tertiary university hospital in northern Germany. The CDI case de�nition in our
study was based on the German surveillance recommendations [10] as follows:

i) Diarrhea or presence of a toxic megacolon together with detection of CD toxins or culture of a toxin-
producing CD strain in stool specimens, or
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ii) Endoscopic diagnosis of pseudomembranous colitis, or

iii) Histopathological diagnosis (e.g. after colectomy or autopsy).

Stool samples were tested for the presence of CD toxins A and/or B using an enzyme-immunoassay (EIA;
Ridascreen, r-biopharm, Darmstadt, Germany) in 96-well microtiter plates according to the instructions of the
manufacturers within 24 hours after taking the sample. In addition, all stool samples were plated on a pre-
reduced CD selective culture medium (CLO agar, bioMérieux, Nürtingen, Germany) and incubated at 36 °C for
48 hours under anaerobic conditions. Species of characteristic colonies were further identi�ed by mass
spectrometry (matrix assisted laser desorption/ionisation-time of �ight; MALDI-TOF; AXIMA Assurance,
Kratos Analytical Ltd., Manchester, UK) according to local standard operation protocols. If CD was identi�ed
as such, the isolate was then checked for its capability of toxin production by EIA as described above.

A CDI was considered as a severe course if at least one of the following criteria was ful�lled:

i) Admission or re-hospitalization due to recurrent CDI, or

ii) Requirement of intensive care due to CDI or its complications, or

iii) Surgical intervention (e.g., colectomy) due to megacolon, perforation or refractory colitis, or

iv) death within 30 days after CDI diagnosis while CDI was causing or contributing to death [11].

All other cases were considered as a mild course of disease.

CDI was considered nosocomially acquired if:

i) The onset of symptoms occurred ≥3 days after admission, or

ii) The patient had been hospitalized within the last 4 weeks at our facility and CDI was newly diagnosed
within the �rst 2 days following readmission.

Demographic patient characteristics and clinical data (antibiotic therapy, underlying disease, Charlson
comorbidity index [12] and length of hospital stay) were collected by examination of medical records.
Patients with severe and mild CDIs were compared in a univariable analysis in order to determine relative
risks. For the multivariable analysis, a logistic regression analysis with stepwise variable selection forward
with the outcome severe CDI was performed. The signi�cance level for entering a variable into the model
and for removing a variable from the model was p<.05. Statistical analysis was performed using SPSS 25
(IBM SPSS statistics, Somers, NY, USA) and SAS 9.4 (SAS Institute, Cary, NC, USA).

Results
A total of 761 CDI cases were identi�ed during the study period, thereof 612 (80.4%) were nosocomially
acquired cases. The hospital wide incidence for a CDI in the study period was 0.42 cases per 1000 patient
days. There were 131 severe CDIs (17.2%) and 630 (82.8%) mild cases.
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The mean age was 57 years (median 61 years). Mild cases were signi�cantly older than severe cases (58
years vs. 54 years respectively, p = 0.04).

The most common causes for severe CDIs were death within 30 days after CDI diagnosis with CDI
contributing (n = 70) and the necessity of (re)-admission from recurrent CDI (n = 39). Transfer to an
intensive care for CDI treatment (including complications) (n = 18) and surgical interventions (n = 14)
occurred less frequently. For severe CDI the hospital wide incidence was 0.07 cases per 1000 patient days.
Noteworthy, there was a reduction in the incidence density of severe CDIs from 0.09 cases in the �rst year to
0.04 cases in the last year of the study period. Mortality was higher in patients with severe CDI cases (71
patients) compared to 19 fatal cases with mild CDI (p<0.001).

For the risk factor analysis 14 cases were excluded as within 3 days of CD detection another enteral
pathogen was found in a stool sample. The results of the univariable risk factor analysis are shown in table
1. In the multivariable analysis, the following parameters were con�rmed as independent risk factors for the
development of a severe CDI: pulmonary disease, a Charlson comorbidity index >3, and a previous antibiotic
therapy in the last 3 months with glycopeptides (vancomycin/teicoplanin) or aminoglycosides. Independent
protective factors were a heart diseases other than heart insu�ciency, a length of hospital stay >10 days
before the onset of CDI and the last observation year (table 2).

Discussion
The incidence of CDI varies to some extent in the literature: A large Czech study reported a mean CDI
incidence of 5.2 cases per 10,000 patient days in 27 hospitals in 2015 [13]. Nearly exact the same incidence
was reported from an Austrian tertiary care university hospital [14], while a study from France came up with
an incidence of only 3.16 cases per 10,000 patient days [15]. A systematic review from Riley and Kimura
reports a incidence of 0.8–4.7 cases per 10,000 patient days in Japanese hospitals [7]. These �ndings from
all over the world are quite in line with the mean incidence in our study and this underscores that CDI is a
relevant challenge worldwide. A proportion of 80.4% of the CDI cases in our cohort were acquired
nosocomially which is comparable to other reports, too [15][16][13]. This rather high proportion underlines
that CDI is typically a hospital-associated infection and that nosocomial infection control and prevention
efforts deserve high priority. CDI may take a mild clinical course. However, severe infections may occur as
well and demand an urgent clinical response. In the medical literature the prevalence of severe CDI ranges
from 18.8% to 57.1% [17][13][18][16][19].

But one has to keep in mind that these proportions may be based on different de�nitions of a “severe” CDI.
For example, Khanafer et al. showed that the proportion of severe CDI can vary by factor 5 (11.6% vs. 59.2%)
in a patient cohort depending on the “severe” de�nition applied [15]. The same effect was shown in the
study by Starzengruber et al. performed 2014 using either European Society of Clinical Microbiology and
Infectious Diseases (ESCMID) or Society of Healthcare Epidemiology of America/Infectious Diseases
Society of America (SHEA/IDSA) de�nitions for severe CDI [14].

Moreover, the de�nition for a severe CDI has an impact on the results of risk factor assessment [15] and
may at least partly explain the heterogeneity in the corresponding data in the literature. In this study we used
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a de�nition based on the 2006 proposal by the ESCMID Study Group for Clostridium di�cile [11]. Advanced
age has been found being an independent risk factor for a severe course of CDI by others [18][17], but we
failed to con�rm these previous �ndings in our cohort. This was rather unexpected as the de�nition used by
Na et al. for severe CDI was quite similar to ours and might be due to fact that our patient cohort was rather
young (57 years mean age) in comparison to the cohort of Na et al. (67 years mean age). As found by
Starzengruber et al. [14] relevant comorbidities (re�ected by a Charlson comorbidity index of >3) were an
independent risk factor and therefore should be kept in mind when the risk for the development of a severe
course of CDI is assessed. The same applies to underlying pulmonary diseases as those also increased the
risk for severe CDI independently in our cohort as they did in the study of Wenisch et al. in Vienna, Austria
[20]. Antibiotic consumption is a well-known major risk factor for CDI development [3][21]. Khanafer et al.
reported that �uoroquinolone exposition was associated even with a severe course of CDI [16]. We could
also see that antibiotic consumption was independently associated with severe CDI, however this was true
only for glycopeptides (vancomycin and teicoplanin) and aminoglycosides. In this context it is important to
notice that a history of CDI (which could be a reason for a previous vancomycin therapy) in the previous 12
months was no independent risk factor for a severe course in our cohort (data not shown). Interestingly,
deBlank et al. also found aminoglycosides as a risk factor for CDI development in a pediatric oncology [22].

Nevertheless, our multivariable analysis also found protective factors such as a length of hospital stay >10
days prior to CDI onset. This �nding is di�cult to interpret in a retrospective setting and requires re-
evaluation in further investigations. We also experienced a constant and signi�cant decrease of severe CDI
during the study period. This might be due to an increased awareness leading to enhanced diagnostics and
a more appropriate and earlier therapy of CDI, which in consequence might reduce the risk for progress to a
severe course.

There are some limitations to our study. First, this was a single center retrospective analysis between 2007
and 2010. Therefore, our �ndings might not apply completely to other hospitals and settings. Moreover, we
might have missed some patients who were not readmitted to our hospital although suffering from recurrent
CDI (recurrent CDI was a criterion for severe CDI). We also did not assess laboratory parameters such as
leukocyte count or C-reactive protein for our analysis as other studies did. One general weakness of all
studies evaluating the risk factors of severe CDI remains the variation of de�nitions used which complicates
the comparison of results as mentioned above.

Conclusion
This study showed that CDI (whether mild or severe) represents a relevant nosocomial complication. The
knowledge of contributing factors is essential to identify patients at risk for a severe course of CDI in order
to optimize the individual treatment strategy and to improve the patient outcome for instance by close
clinical monitoring. Therefore, it seems worthy for hospitals to determine risk factors of its speci�c patient
cohort as these may vary between different institutions and depending on the de�nition used for severe CDI.
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Clostridium di�cile = CD; Clostridium di�cile infection = CDI;
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Further note

Preliminary and partial results were presented at the German Society of Hygiene and Microbiology (64rd

DGHM 2012, 30 September–3 October 2012, Hamburg, Germany, Abstract: PRV02) as oral presentation and
are available in an English language abstract in the conference’s proceedings.
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Tables

Table 1. Basic characteristics of the Clostridium difficile infection (CDI) cases and results of the

univariable analysis of factors significantly influencing the risk of severe CDI.

 



Page 9/10

Variable # all

CDI

cases

# mild

CDI cases

(%)

# severe

CDI cases

(%)

RR* CI95%** p-

value***

Total 747 617 (82.6) 130 (17.4)      

Basic characteristics

Male gender 406 327 (80.5) 79 (19.5) 1.30 0.94 -

1.79

0.12

Age ≤54 years**** 286 231 (80.8) 55 (19.2) 1.18 0.86 -

1.62

0.32

Underlying diseases

Pulmonary diseases 293 229 (78.2) 64 (21,8) 1.50 1.10 -

2.05

0.01

Heart insufficiency  52 36 (69.2) 16 (30,8) 1.88 1.21 -

2.92

0.01

Other heart diseases 382 331 (86.6) 51 (13.4) 0.62 0.45 -

0.85

<0.01

Severe liver disease 52 37 (71.2) 15 (28.8) 1.74 1.10 -

2.76

0.04

Hematopoietic stem cell

transplantation

29 19 (65.5) 10 (34,5) 2.06 1.22 -

3.50

0.02

Antibiotic treatment within 3 months prior to CDI onset*****

Glycopeptides 148 113 (76.4) 35 (23,6) 1.49 1,06 -

2,10

0.03

Metronidazole 141 106 (75.2) 35 (24.8) 1.58 1.13 -

2.23

0.01

Aminoglycosides 81 58 (71.6) 23 (28,4) 1.77 1.20 -

2.60

0,01

Others

Length of hospital stay

>10 days before onset of

356 306 (86.0) 50 (14.0) 0.69 0.50 -

0.95

0.03
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CDI

Charlson comorbidity

index >3

286 222 (77.6) 64 (22,4) 1.56 1.15 -

2.13

0.01

First observation year 180 138 (76.7) 42 (23,3) 1.50 1.08 -

2.09

0,02

Last observation year 183 164 (89.6) 19 (10.4) 0.53 0.33 -

0.83

<0.01

 

*Risk ratio. **95%-confidence interval. ***2-tailed Fisher Exact Test. ****Mean age of the coho

with severe CDI. *****Antibiotic treatment that was administered within 4 days just prior to CD

confirmation was excluded to minimize bias.

 

Table 2. Independent factors influencing the risk of severe Clostridium difficile infection (CDI) as

determined by multivariable logistic regression analysis

 

Variable OR*CI95%** p-valu

Risk factors      

Pulmonary diseases 1.651.10 - 2.470.02

Charlson comorbidity index >3 1.681.13 - 2.510.01

Treatment within 3 months prior to CDI onset with glycopeptides 1.751.08 - 2.820.02

Treatment within 3 months prior to CDI onset with aminoglycosides 1.931.10 - 3.390.02

Protective factors      

Heart diseases other than heart insufficiency 0.560.37 - 0.83<0.01

Length of hospital stay of >10 days before onset of CDI 0.470.31 - 0.72<0.01

Last observation year 0.450.26 - 0.77<0.01

*Odds ratio. **95%-confidence interval.


