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ABSTRACT
Objective  Clostridioides difficile infection (CDI) is a 
common healthcare-associated infection and associated 
with high morbidity and mortality. As current guidelines 
recommend treatment stratified for disease severity, this 
study aimed to identify predictors of 30-day mortality in 
order to develop a robust prediction model.
Design  This was a retrospective analysis of 207 
inpatients with CDI who were treated at the Jena 
University Hospital between September 2011 and 
December 2015. In a training cohort (n=127), predictors 
of 30-day mortality were identified by receiver operating 
characteristics analysis and logistic regression. The 
derived model was validated in an independent cohort of 
80 inpatients with CDI.
Results  Within 30 days, 35 (28%) patients in the training 
cohort died from any cause. C-reactive protein (CRP) 
of ≥121 mg/L (OR 3.80; 95% CI 1.64 to 7.80; p=0.003) 
and lower systolic blood pressure of ≤104 mm Hg 
(OR 3.73; 95% CI 1.63 to 8.53; p=0.002) at diagnosis 
as well as development of renal impairment (serum 
creatinine >1.5×baseline; OR 5.61; 95% CI 1.94 to 16.26; 
p=0.035) within the first 6 days were associated with 
30-day mortality in univariate analysis. The use of these 
parameters enabled correct mortality prediction in 73% 
of cases on the day of diagnosis and in 76% at day 6. In 
the validation cohort, 30-day mortality was 18/80 (23%). 
Our model enabled a 73.7% correct prediction concerning 
30-day mortality on day 6 after diagnosis of CDI.
Conclusion  Hypotension and CRP elevation on the day 
of diagnosis as well as occurrence of kidney dysfunction 
during the first 6 days are suitable parameters to predict 
30-day mortality in patients with CDI who need to be 
treated in the hospital.

INTRODUCTION
Clostridioides difficile is a gram-positive, spore-
forming bacterium which is known to cause 
infectious diarrhoea especially in patients 
who have recently been treated with antibi-
otics.1–10 Despite the improvement in health-
care facility-associated nosocomial infections, 
Clostridioides difficile infection (CDI) remains a 
leading cause of healthcare facility-associated 

infection11 12 which results in longer inpatient 
care13 as well as increase in mortality.

CDI varies substantially ranging mild 
diarrhoea to fulminant disease with high 
mortality, especially in the elderly or patients 
with comorbidities.14 Over the time, different 
approaches to stratify disease severity and to 
identify risk factors for severe disease have 
been published15–18 (online supplementary 
table 1). However, definitions of severity and 
prediction models have sometimes been 
mixed and so far, no model has prevailed in 
daily practice.

The most commonly used definition of a 
severe CDI is the one originally published 
by McDonald et al,19 in which a severe CDI is 
defined by clinical markers such as necessity 
to treat the patient in an intensive care unit 
(ICU) due to CDI or its complications, the 
need for colectomy due to toxic megacolon 
or death within 30 days of onset.

Summary box

What is already known about this subject?
►► Clostridioides difficile infection (CDI) is a common 
and detrimental healthcare facility-associated in-
fection. Guidelines recommend treatment regimes 
according to disease severity. Until now, there is no 
consistent prediction model to identify patients at 
risk.

What are the new findings?
►► Systolic blood pressure and C-reactive protein at di-
agnosis in addition to the course of serum creatinine 
allow to identify patients with CDI at risk.

How might it impact on clinical practice in the 
foreseeable future?

►► Our findings allow physicians to identify patients at 
risk early on during the course of the infection. This 
allows an adaption of the treatment regime accord-
ing to the existing guidelines.
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The European Society of Clinical Microbiology 
and Infectious Diseases (ESCMID) has used this defi-
nition as well but modified it by adding prognostic 
markers including demographic data, blood values and 
comorbidities.20

The guidelines compiled by the Society for Healthcare 
Epidemiology of America (SHEA) and the Infectious 
Diseases Society of America differentiate between ‘mild 
or moderate’, ‘severe’ and ‘severe and complicated’ CDI. 
They use both laboratory and clinical markers to differ-
entiate between the three.21 These guidelines integrate 
recommendations concerning the different antibiotic 
regimes based on severity. Those guidelines were renewed 
in 2017,22 with a distinction between first episode, non-
severe; first episode, severe; fulminant disease and recur-
rent episodes.

The American College of Gastroenterology (ACG) 
differentiates between ‘mild-to moderate’, ‘severe’ and 
‘severe and complicated’ CDI. They too use laboratory 
and clinical markers and included treatment recommen-
dations according to severity.10

In a phase III clinical trial study for fidaxomicin, its 
safety and efficacy were compared with treatment with 
vancomycin. Here, a severe case was only defined by 
unformed stools and blood values.23

Lastly, there is a scoring model published by Zar et al 
which includes age, temperature, blood values, endo-
scopic evidence of pseudomembranous colitis and neces-
sity to treat the patient in an ICU.24

Because there is such a huge variety in the severity of the 
disease and the current guidelines recommend different 
antibiotic treatments according to the severity of CDI,10 21 
it is essential to have early prognostic markers to identify 
patients at risk so the treatment can be adjusted appro-
priately. Up to now, there is no consistent prediction 
model for the course of CDI, which makes it difficult for 
treating physicians to evaluate which treatment regime is 
suitable for which patient.

As in other infectious diseases, time is crucial for thera-
peutic success: the sooner a suitable antibiotic treatment 
regime is initiated, the better the patient’s outcome will 
be.25 This was shown for CDI in particular as a therapy 
according to current guidelines was associated with a 
decreased risk of mortality.26

Therefore, the aim of this retrospective study was 
to identify and validate prognostic markers for 30-day 
mortality in two independent cohorts of hospitalised 
German patients with CDI in order to support severity-
based treatment strategies.

METHODS
Study design
In order to identify patients with CDI, microbiological 
data from September 2011 until December 2015 were 
retrospectively reviewed at the Jena University Hospital. 
CDI was diagnosed according to ESCMID guidelines.27 
Day of diagnosis was defined as the day of the stool sample 

arriving in the lab for testing. All patients with positive 
results were included if they were treated on an ICU or 
on a non-intensive internal medicine ward. In patients 
with recurrent CDI, only the first documented episode of 
CDI was used for analysis. Patients were allocated to the 
training (2011–2012) and validation cohort (2013–2015) 
according to disease onset.

Patients’ files, electronic health records, nursing docu-
mentation and death certificates were reviewed to iden-
tify the following variables: age; gender; living conditions 
(patient living at home vs patient living in a nursing home 
vs patient being transferred from another hospital); 
hospitalisation 3 months prior to diagnosis; surgery 30 
days prior to diagnosis; comorbidities (according to the 
Charlson Comorbidity Index28); prior medication; vital 
parameters (body temperature, heart rate and systolic 
blood pressure) at diagnosis of CDI; antibiotic therapy 
including changes in therapy; necessity of treatment on 
an ICU; need for colectomy due to CDI as well as cause 
and date of death. In addition, the following laboratory 
parameters were extracted from our laboratory system: 
white cell count (WCC), C-reactive protein (CRP), creati-
nine and albumin. Except for creatinine, which we docu-
mented from day of diagnosis daily for the following 
7 days, all laboratory markers were only documented on 
the day of diagnosis, without any scope.

In patients that were discharged before day 30 after 
CDI diagnosis and who were not treated in our centre 
again, outcome was assessed by interviewing the general 
practitioner.

While the definition of a severe case of CDI as published 
by the SHEA only uses an elevation of serum creatinine 
>1.5× premorbid level,21 we collected serum creatinine 
values over the first 7 days after point of diagnosis in 
order to specify the exact day on which it is possible to 
identify patients at risk.

Nosocomial infection was defined by criteria used by 
the Robert Koch Institute (time of diagnosis >3 days after 
admission or inpatient treatment in the last 4 weeks prior 
to admission).29

Additionally, we collected data showing possible indi-
cation to an impending systemic inflammatory response 
syndrome (SIRS). SIRS is defined by two of the following 
parameters: body temperature <36°C or >38°C, heart 
rate >90/min, breathing rate >20/min or paCO2 ≤33 mm 
Hg, WCC <4 x10ˆ9/L or >12 x10ˆ9/L or >10% immature 
leucocytes.

Patients consent was waived.

Statistical analysis
Given the various definitions of CDI severity, we defined 
30-day all-cause mortality as the primary end point for the 
study as the worst possible outcome for any patient. Statis-
tical analyses were performed with SPSS V.22 (IBM).

For comparisons of continuous data, the non-
parametric Mann-Whitney U test and for discrete vari-
ables the Fisher’s exact test was used, respectively. The 
identification of predictors for 30-day mortality was 
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carried out by receiver operating characteristics (ROC) 
analysis and binary logistic regression. Continuous vari-
ables were dichotomised using ROC analysis and Youden 
index was determined to identify the optimum cut-off. 
The significance level in two-sided testing was p<0.05. 
We performed a multivariate logistic regression to 
develop the prediction model. In backward elimination, 
a predictor was eliminated if the significance level was 
>0.1. The data are presented as absolute numbers and 
percentage or as the medians and first and third quartiles.

RESULTS
Baseline characteristics
According to the study protocol, 127 patients with CDI 
were allocated to the training cohort and 100 patients 
were allocated to the validation cohort. Twenty patients 
in the validation cohort were lost to follow up and 
excluded from analysis. Overall, 127 patients from the 
training cohort and 80 patients from the validation 
cohort completed follow-up.

In the training cohort, 72 (56.7%) patients were men. 
Median age of all patients was 74 years (table 1). In the 
validation cohort, 45 (56.3%) patients were men; median 
age was 62 years. One hundred and ten (86.6%) and 60 
(75.0%), respectively, of our cases were nosocomial infec-
tions, which is consistent with the previously published 
articles describing CDI as one of the most common noso-
comial infection overall.30 Hospitalisation 3 months prior 
to the diagnosis of CDI was found in 64 (50.4%) patients 
in our training cohort.

Ninety-four (74%) patients of the training cohort were 
diagnosed while being treated in a normal internal medi-
cine ward, the other 33 (26%) and patients were being 
treated in an ICU due to other life-threatening condi-
tions. In the validation cohort, 58 (72.5%) patients were 
treated in a normal internal medicine ward, 22 (27.5%) 
in an ICU.

In our training cohort, the median CRP level on day 
of diagnosis was 114.3 mg/L (range 58.3–165.1 mg/L), 
and median WCC was 12.4 x10ˆ9/L (range 7.6–16.7 
x10ˆ9/L). Median systolic blood pressure was 109 mm 
Hg (range 91–127 mm Hg).

In our validation cohort, the median CRP level on day 
of diagnosis was 123.9 mg/L (range 1.9–452.4 mg/L). 
Median systolic blood pressure was 126 mm Hg (range 
60–166 mm Hg).

On the day of diagnosis, median body temperature was 
37.2 °C (36.0°C–39.8°C), median heart rate was 84/min 
(78–94/min). We only documented those parameters in 
our training cohort as did not show any statistical signifi-
cance with 30-day mortality.

In our training cohort, Charlson Comorbidity Index 
was ≥3 in 109 (85.5%) patients. Seventy-eight (61.9%) 
patients were treated with antibiotics at the time of diag-
nosis. It was not documented in the reference group 
since it did not show a statistical significance with 30-day 
mortality.

Parameters during the course of the infection
Some authors have previously described an elevation of 
serum creatinine >1.5× baseline to be associated with 
a severe case of CDI.21 In 88 (77.2%) patients of the 
training cohort, serum creatinine was elevated >1.5× 
baseline level within the first 7 days following the date of 
diagnosis

In the validation cohort, 67 (83.8%) patients had an 
elevation of serum creatinine >1.5× baseline level within 
the first 6 days after diagnosis of CDI.

Six (6.38%) patients initially treated in a normal 
internal medicine ward had to be transferred to inter-
mediate or intensive care. One (0.8%) patient needed a 
colectomy due to toxic megacolon as a complication of 
the CDI. In our training cohort, 35 patients (28%) died 
after an average timespan of 10 days (range 1–30) and in 
our validation cohort, 18 patients (22.5%) died after an 
average timespan of 9 days (range 1–26).

This corresponds with Kaplan-Meier plots which 
predict a survival of 70.2%±4.3% for the training cohort 
and 77.8%±4.6% for the validation cohort.

Antibiotic treatment in training cohort
The most frequently prescribed antibiotic treatment 
was metronidazole per os, which was prescribed in 72 
(56.7%) patients (online supplementary table 2). Other 
frequently used antibiotic regimens were vancomycin 
p.o. (29 patients, 22.8%) as well as intravenous metro-
nidazole (12 patients, 9.4%). A combination of both was 
given to 7 (5.5%) patients.

Over the course of the infection, in 14 (11.0%) cases, a 
change of treatment regime was deemed necessary by the 
treating physicians. This was most common in patients 
initially treated with metronidazole intravenously (2/11; 
18.2%). A change was much less frequently necessary in 
patients treated with metronidazole p.o. (9/71; 12.7%) 
and vancomycin p.o. (3/28; 10.7%). Patients initially 
treated with both vancomycin p.o. and metronidazole 
intravenously did not need a change of antibiotic treat-
ment in our cohort.

The median time from diagnosis to change in treat-
ment regime was 4 days (range: 1–12 days); the most 
commonly used antibiotic regime in second line therapy 
was vancomycin p.o. (6 patients, 42.9%).

Empirical antibiotic treatment was associated with 
30-day mortality (p=0.044), therefore underlining the 
necessity to begin an adequate antibiotic treatment right 
away. This supports the previously published data and the 
existing guideline’s recommendations.

Our data showed a statistical significance for 30-day 
mortality concerning the initially chosen therapy 
(p=0.044), therefore underlining the necessity to 
begin an adequate antibiotic treatment right away. This 
supports the previously published data and the existing 
guideline’s recommendations. In our cohort, there 
seems to be an advantage for metronidazole concerning 
survival past 30 days. However, this could be due to sicker 

https://dx.doi.org/10.1136/bmjgast-2020-000468
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patients receiving vancomycin as first-line therapy as is 
recommended in the guidelines.

There was no statistical significance concerning 30-day 
mortality for the change of treatment (p=1.0), the time 
of change (p=0.054) or the chosen second-line antibiotic 
therapy (p=0.495).

Risk factors
Parameters which were documented on the day of diag-
nosis and showed a significant correlation with mortality 
were elevated CRP (optimal cut-off ≥121 mg/L; univariate 
OR 3.80; 95% CI 1.64 to 7.80; p=0.003; sensitivity=68.6%; 
specificity=63.5%; Positive Prospective Value=43.6%; 
Negative Prospective Value=83.1%; Area Under the 
Curve=0.675; table 2) as well as low systolic blood pres-
sure (optimal cut-off ≤104 mm Hg; univariate OR 3.73; 
95% CI 1.63 to 8.53; p=0.002; sensitivity=64.7%; speci-
ficity=67.0%; Positive Prospective Value=42.3%; Negative 
Prospective Value=83.6%; Area Under the Curve=0.673).

Elevated heart rate at onset also seemed to show a signif-
icant correlation with mortality (optimal cut-off >89/
min; univariate OR 2.183; 95% CI 0.979 to 4.866; p=0.044; 
sensitivity=58.8%; specificity=60.4%; Positive Prospective 
Value=35.7%; Negative Prospective Value=79.7%; Area 
Under the Curve=0.617).

Age, Charlson Comorbidity Index, diagnosis of CDI on 
ICU, recent surgery and elevated WCC did not show a 
significant correlation with 30 day mortality.

We performed a multivariate logistic regression 
involving CRP, heart rate, systolic blood pressure and 
serum creatinine >1.5× baseline within the first 6 days 
following onset in the training cohort. One hundred and 
eight patients were enrolled as we had all four variables 
available. Heart rate on day of diagnosis was excluded 
due to the significance level (0.463).

Our three remaining risk factors showed an indepen-
dent association with mortality. A combination of those 
resulted in a 73.1% correct prediction of mortality on the 
day of diagnosis and 75.9% on day 6 (Area Under the 
Curve 0.776; 95% CI 0.678 to 0.874; sensitivity=91.2%; 
specificity=40.2%; Positive Prospective Value=66.6%; 
Negative Prospective Value=77.4%; Hosmer-Lemeshow 
test 0.990).

Logistic regression model:

	﻿‍ P = exp(−2.444+0.888∗CRP+1.348∗systolic blood pressure+1.797∗creatinine)
1+exp(−2.444+0.888∗CRP+1.348∗systolibloodpressure+1.797∗creatinine) ‍�

Enter ‘0’ for CRP/systolic blood pressure/creatinine 
if the cut-off is not fulfilled, enter ‘1’ for CRP/systolic 
blood pressure/creatinine if the cut-off is fulfilled.

High CRP, low systolic blood pressure and increasing 
creatinine were used as dichotomous variables—either 
meeting our criteria of CRP ≥121 mg/L, systolic blood 
pressure ≤104 mm Hg and an elevation of creatinine 
>1.5× baseline (corresponds to ‘1’ in the model) or not 
(corresponds to ‘0’ in the model). ROC analysis exem-
plify the possibility of differentiating between those 
patients at risk and those who are not (figure 1A).

In previous publications, immunosuppression, chemo-
therapy, ongoing antibiotic therapy of underlying disease, 
elevated serum lactate, treatment with PPI or underlying 
malignant diseases have been associated with severity 
of CDI. However, they did not correspond with 30-day 
mortality in our training cohort (online supplementary 
table 3).

We validated our derived three-parameter model 
in an independent cohort of 80 patients. High CRP 
≥121 mg/L, low systolic blood pressure ≤104 mm Hg and 
increased creatinine >1.5-fold over baseline resulted in 
a 73.7% correct prediction of 30-day mortality at day 6 
(Area Under the Curve 0.636; 96% CI 0.451 to 0.821; 
sensitivity=46.6%; specificity=90.2%; Positive Prospec-
tive Value=58.3%; Negative Prospective Value=82.2%; 
Hosmer-Lemeshow test 0.927). The performed ROC 
analysis is shown in (figure 1B).

Comparison with the existing severity definitions
Among the suggested severity definitions of CDI, only the 
Zar, Louie and SHEA criteria but not the definitions by 
ESCMID and ACG were able to discriminate 30-day survi-
vors from non-survivors in the training cohort (table 3).

Criteria by Zar et al (p=0.018; sensitivity=71.4%; spec-
ificity=52.2%; Positive Prospective Value=36.2%; Nega-
tive Prospective Value=82.8%), Louie et al (p=0.035; 
sensitivity=48.6%; specificity=72.2%; Positive Prospective 
Value=40.5%; Negative Prospective Value=78.3%) and 
the SHEA guidelines of 2010 (p=0.001; sensitivity=23.5%; 
specificity=97.8%; Positive Prospective Value=80.0%; 
Negative Prospective Value=77.0%) indicated increased 

Table 2  Prognostic markers

Value

Training cohort

All patients n=127 Survivors n=92 Non-survivors n=35 P value

CRP ≥121 mg/L n=55/120 (45.8%) n=31/85 (36.5%) n=24/35 (68.6%) 0.002

Serum creatinine >1.5× baseline n=26/114 (22.8%) n=11/82 (13.4%) n=15/32 (46.9%) 0.000325

Serum creatinine >1.5× baseline within 6 
days after diagnosis

n=18/114 (15.8%) n=7/82 (8.5%) n=11/32 (34.4%) 0.001

Systolic blood pressure ≤104 mm Hg n=52/125 (41.6%) n=30/91 (33.0%) n=22/34 (64.7%) 0.002

Heart rate>89/min n=56/125 (44.8%) n=36/91 (39.6%) n=20/34 (58.8%) 0.069

Data are presented as absolute numbers (percentage).
CRP, C-reactive protein.

https://dx.doi.org/10.1136/bmjgast-2020-000468
https://dx.doi.org/10.1136/bmjgast-2020-000468
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30-day mortality (figure 2). The definitions by ESCMID 
and ACG did not show any association with 30-day 
mortality. The patients meeting the criteria of severe 
disease or fulminant disease according to the SHEA 

guidelines of 2017 also did not show increased 30-day 
mortality.

Another established score assessing CDI outcome is the 
ATLAS score.31 Age, treatment with systemic antibiotics 

A

B 

 
Figure 1  Receiver operating characteristics analysis: (A): in our training cohort and (B) in our validation cohort.
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during CDI, leucocyte count, serum albumin and serum 
creatinine are part of the score. In our cohort, the 
patients had an ATLAS score of 5 point in mean (range 
2–10) and a higher ATLAS score was not associated with 
30-day mortality (p=0.290).

When using our model in our training cohort, we see a 
sensitivity of 91.2% and specificity of 40.2%.

Data are presented as absolute numbers (percentage) 
of patients who fulfil the criteria of a severe (or severe 
and complicated) case of CDI. The numbers for the 
definition by ESCMID data are presented as mean 
(minimum–maximum).

DISCUSSION
Considering the increasing incidence, the possible life-
threatening complications and the need for severity-
stratified treatment, it is crucial to identify patients 
at risk of mortality. Current guidelines recommend a 
therapeutic regimen according to severity10 21 which is 
associated with better patient outcome.26 32 However, 
some criteria for the evaluation of severity, for example, 

pseudomembrans in endoscopic evaluation or the 
necessity for ICU therapy,10 19 24 are typically not avail-
able, respectively, foreseeable at the time of diagnosis. 
This complicates correct classification and the choice 
of the adequate antibiotic regimen is difficult in clinical 
practice.

In this study, we were able to identify CRP levels of 
121 mg/L or higher, systolic blood pressure of 104 mm 
Hg or lower and a more than 1.5-fold increase in 
creatinine as prognostic markers for 30-day mortality 
in patients with CDI. The prognostic value could be 
increased by combining those parameters, showing a 
correct prediction of 75.9% of all patient outcomes. 
Those findings were confirmed in an independent vali-
dation cohort.

In the SHEA guidelines, an elevation of serum creati-
nine above 1.5× the premorbid level is integrated in the 
severity classification. In our analysis, we found that the 
elevation of serum creatinine >1.5× at diagnosis of CDI 
was also associated with an increase in 30-day mortality 
(p<0.0001).

Table 3  Comparison of the different severity definitions when used on our training cohort

Value All patients n=127 Survivors n=92 Non-survivors n=35 P value

Zar n=69/127 (54.3%) n=44/92 (47.8%) n=25/35 (71.4%) 0.018

Louie n=42/125 (33.6%) n=25/90 (27.8%) n=17/35 (48.6%) 0.035

ACG severe n=23/61 (37.7%) n=14/40 (n=35.0%) n=9/21 (42.9%) 0.587

ACG severe and complicated n=48/127 (37.8%) n=31/92 (33.7%) n=17/35 (48.6%) 0.153

ESCMID 2 (0–4) n=127 2 (0–4) n=92 2 (0–4) n=35 0.051

SHEA 2010 n=10/123 (8.1%) n=2/89 (2.2%) n=8/34 (23.5%) 0.001

SHEA 2017 n=61/83 (73.5%) n=38/57 (66.7%) n=23/26 (88.5%) 0.059

Our model—at least one prediction marker fulfilled n=80/116 (69.0%) n=49/82 (59.8%) n=31/34 (91.2%) 0.001

ACG, American College of Gastroenterology; ESCMID, European Society of Clinical Microbiology and Infectious Diseases; SHEA, Society for 
Healthcare Epidemiology of America.

Figure 2  Sensitivity and specificity of the different definitions of severity in our training cohort. ACG, American College of 
Gastroenterology; SHEA, Society for Healthcare Epidemiology of America.
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All of these parameters, CRP level, systolic blood pres-
sure and baseline serum creatinine, are easy to assess, 
quickly available and allow a risk-adapted therapy of CDI 
directly after diagnosis, using CRP level and the systolic 
blood pressure.

In addition, we were able to show that an elevation 
of serum creatinine during the first 6 days after diag-
nosis is a further predictor for a severe course of disease 
(univariate OR 5.61; 95% CI 1.94 to 16.26; p=0.035; 
sensitivity=34.4%; specificity=91.5%; Positive Prospec-
tive Value=61.1%; Negative Prospective Value=78.1%). 
Therefore, monitoring of serum creatinine levels on a 
regular basis during the first 6 days after diagnosis is also 
recommended.

In comparison with other existing definitions, predic-
tors and guidelines, our findings allow a risk stratifica-
tion early on in order to support a physician’s decision 
as to which antibiotic regime is adequate for each indi-
vidual patient. Furthermore, monitoring of serum creat-
inine during the first 6 days after day of diagnosis allows 
ongoing evaluation of the chosen antibiotic regime. Our 
findings show that the initially chosen antibiotic treat-
ment has an impact on 30-day mortality, underlining the 
significance of finding the suitable antibiotic treatment 
for each patient.

As our model presents a significantly higher sensitivity 
in comparison with the other severity definitions and 
prediction models, the probability of detecting patient 
with risk of mortality early on is elevated. On the other 
hand, our prediction model has a lower specificity than 
the other severity definitions and prediction models. This 
will ultimately result in overtherapy for some patients. 
However, no patient will get harmed by this and patients 
at risk of mortality will get an adequate treatment early 
on.

In the before-mentioned severity definitions, there 
are predictive parameters associated with a severe form 
of CDI for which we could not find any correlation with 
30-day mortality: fever, WCC, low serum albumin, rise in 
serum lactate, or age did not show any statistical signifi-
cance in our analysis. We also could not find a difference 
in 30-day mortality concerning community acquired or 
nosocomial infection, Charlson Comorbidity Index or 
inpatient care during the last 30 days prior to admission.5

The main limitation is the retrospective nature of the 
study and the necessity to deal with missing data. Espe-
cially, the laboratory parameters were not always docu-
mented on the day of diagnosis and are therefore missing. 
Overall, data were documented better for patients in the 
ICU as the vital parameters are documented automati-
cally by the monitors and blood withdrawals for the deter-
mination of standard values (including serum creatinine) 
are performed daily. Especially concerning the elevation 
of serum creatinine, we had to deal with a lot of missing 
data because the determination of serum creatinine is 
not regularly done in normal wards on a daily basis. The 
severity definition by Louie et al includes the frequency of 
unformed stools23; this also is often poorly documented 

and not evaluable in a retrospective analysis. No missing 
data imputation was performed, and overall, data of 108 
patients of the training cohort were used for the multi-
variable logistic regression model as values of all three 
predictors were available for them.

Since only data from inpatients were used for this anal-
ysis, the model is only validated for hospitalised patients.

Another important factor is that this is a monocentric 
study. Results could vary in different centres due to local 
antibiotic stewardship and antibiotic resistance.

Due to the mentioned limitations, our findings need 
to be evaluated in further prospective multicentric 
cohorts including both medical and surgical patients 
as well as ICU patients. Additionally, outpatients should 
be included in further studies to validate our model for 
them as well.

Nevertheless, we do think that our results justify using 
our findings in the daily treatment of patients with CDI. If 
a patient shows elevated CRP, is hypotensive or develops 
kidney dysfunction during the course of the infection, we 
recommend physicians to choose an antibiotic regime 
according to the current guidelines for patients with 
severe CDI.

Enter ‘0’ for CRP/systolic blood pressure/creatinine 
if the cut-off is not fulfilled, enter ‘1’ for CRP/systolic 
blood pressure/creatinine if the cut-off is fulfilled.
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