
Intensive & Critical Care Nursing 53 (2019) 73–78
Contents lists available at ScienceDirect

Intensive & Critical Care Nursing

journal homepage: www.elsevier .com/iccn
Research article
Characteristics, risk factors and outcomes of Clostridium difficile
infections in Greek Intensive Care Units
https://doi.org/10.1016/j.iccn.2019.03.008
0964-3397/� 2019 Elsevier Ltd. All rights reserved.

⇑ Corresponding author at: Department of Critical Care Medicine, ATTIKON
University Hospital, 1 Rimini Str., 124 62 Haidari, Greece.

E-mail address: gdimop@med.uoa.gr (G. Dimopoulos).
1 Equal contribution.
Dimitrios K. Matthaiou a,1, Dimitra Delga a,1, Maria Daganou b, Antonia Koutsoukou b, Niki Karabela c,
Konstantinos E. Mandragos c, Eleni Kalogeropoulou d, George Dimopoulos a,⇑
aDepartment of Critical Care Medicine, ‘‘ATTIKON” University Hospital, Medical School, National and Kapodistrian University of Athens, Athens, Greece
bDepartment of Critical Care, ‘‘SOTIRIA” Hospital, Medical School, National and Kapodistrian University of Athens, Athens, Greece
cDepartment of Critical Care, ‘‘Korgialenio Benakio” Red Cross General Hospital, Athens, Greece
dDepartment of Microbiology, ‘‘ATTIKON” University Hospital, Medical School, National and Kapodistrian University of Athens, Athens, Greece
a r t i c l e i n f o

Article history:
Accepted 19 March 2019

Keywords:
C. difficile
ICU
Critically-ill
Mortality
a b s t r a c t

Background: Clostridium difficile is one of the major causes of diarrhoea among critically ill patients and
its prevalence increases exponentially in relation to the use of antibiotics and medical devices. We sought
to investigate the incidence of C. difficile infection in Greek units, and identify potential risk factors related
to C. difficile infection.
Methods: A prospective multicenter cohort analysis of critically ill patients (3 ICUs from 1/1/2014 to
31/12/2014).
Results: Among 970(100%) patients, 95(9.79%) with diarrhoea, were included. Their demographic, comor-
bidity and clinical characteristics were recorded on admission to the unit. The known predisposing fac-
tors for the infection were recorded and the diagnostic tests to confirm C. difficile were conducted, based
on the current guidelines. The incidence of C. difficile infection was 1.3% (n = 13). All-cause mortality in
patients with diarrhoea, C. difficile infection and attributable mortality in patients with C. difficile infection
was 28%, 38.5% and 30.8% respectively. Sequential Organ Failure Assessment (SOFA) scores on admission
were significantly lower and prior C. difficile infection was more common in patients with current C. dif-
ficile infection. Regarding other potential risk factors, no difference was found between groups. No factor
was independently associated with C. difficile infection.
Conclusions: C. difficile infection is low in Greek intensive care units, but remains a serious problem
among the critically-ill. Mortality was similar to reports from other countries. No factor was indepen-
dently associated with C. difficile infection.

� 2019 Elsevier Ltd. All rights reserved.
Implications for clinical practice

� The prevalence of Clostridium difficile infection (CDI) in critically-ill patients is variable among ICUs.
� Risk factors for CDI are hard to define and may include non-adherence to infection control, hand-hygiene and good clinical practice
protocols.

� Prior history of CDI is more common in patients who will demonstrate a new episode of CDI.
Introduction

Clostridium difficile, an anaerobic Gram-positive sporogonous
and toxigenic bacillus, was first described in 1935 but was identi-
fied as a cause for antibiotic-associated pseudomembranous colitis
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in 1978 (Bartlett, 2002). Carrier incidence among healthy adults
ranges between 3 and 5% and its colonisation increases signifi-
cantly after the age of 65 (Samore, 1993). Outside hospital settings
C. difficile colonisation ranges between 10 and 20% with most
patients remaining asymptomatic. Among the elderly hospitalised
patients, its asymptomatic presence reaches 14%, and 30% among
those under antibiotic treatment (Samore, 1993; Labbe et al.,
2008; Modena et al., 2005; Voth and Ballard, 2005). In hospital set-
tings, both symptomatic and asymptomatic patents are considered
to be the main source of environmental contamination, since C. dif-
ficile is present in their stool and it is communicated through the
stool-oral route (Modena et al., 2005). Apart from this, its spores
can remain active for a long time on hospital surfaces and its
strains seem to be resistant to alcohol-based disinfectants. In cases
when inappropriate disinfectants are used, its incidence increases
(Cohen et al., 2010).

C. difficile infection (CDI) accounts for 30% of all hospital diar-
rhoea and as high as 50–70% of patients receiving antibiotic treat-
ment (Samore, 1993; Oldfield, 2004; Riley, 2004; Garey et al.,
2006). CDI epidemiology has changed after 2000, since 2005 there
has been an observed increase in its frequency and severity, the
presence of the new virulent strain, development in medical inter-
ventions and changes in hospitalised patients’ characteristics
(Kuijper et al., 2006). Furthermore, because of the increased use
of cephalosporins, CDI is the most common cause of antibiotic-
associated diarrhoea (Khanna and Pardi, 2012; Marshall, 2004).

Due to the fact that CDI is observed in patients with already seri-
ous comorbidities, diarrhoea causes even more weakness and as a
result CDI is associated with significant mortality, reaching almost
20% within the first month since diagnosis and 27% three months
after it. However, mortality rates fluctuate and in some studies are
estimated to be as high as 85%, due to multiple risk factors. Deter-
mining CDI incidence in ICU is difficult because many patients are
admitted either due to the infection or after a colectomy.

Mortality due to CDI, especially in the ICU setting, is not signif-
icantly higher compared to overall hospital mortality. However,
CDI may considerably increase ICU length of stay. This in turn con-
tributes to increased overall mortality related to the prolonged
length of ICU stay and the exposure to other risk factors for mortal-
ity (Kenneally et al., 2007; Dodek et al., 2013). It should also be
noted, that there are reports of decreasing CDI incidence over the
past decade (Bouza et al., 2015). Factors contributing to this
decrease include infection control and antibiotic stewardship mea-
sures, as well as increased vigilance for the possibility of CDI.

The aim of this prospective study was to estimate CDI incidence
in ICUs in Greece and identify special indicators or factors associ-
ated with it among the critically-ill.
Methods

The study was conducted in three ICUs from 1/1/2014 to
31/12/2014. All patients who were hospitalised for more than
72 hours and developed diarrhoea at some point during their hos-
pitalisation were included in the study. Informed consent for par-
ticipation in the study was taken either from the patients
themselves of from first-degree relatives. The study protocol was
approved by the scientific boards of each of the participating hos-
pitals. The Ethics approval number for the participating hospitals
are 1. 914/11-12-13 for Attikon University Hospital 2. 4719/17-2-
14 for Sotiria Hospital 3. 1096/16-1-14 for Korgialeneio Hospital.
Inclusion and exclusion criteria

A patient was deemed eligible to participate in the study if they
were hospitalised in the ICU for more than 72 hours for any reason
and developed diarrhoea defined by at least three watery defeca-
tions per day (scale 5 to 7 according to the Bristol Stool Chart)
(Lewis and Heaton, 1997). A patient was deemed ineligible to
participate in the study if they denied consent, were younger than
18 years old, had already developed diarrhoea upon admission in
the ICU, had hepatic failure (scale 3 to 4 according to Child-Pugh
score) or had inflammatory bowel disease.

Data collection

Relevant data were collected in a case report form including
demographics, somatometric data (Labbe et al., 2008), reason for
admission (Modena et al., 2005), disease severity scores (APACHE
II, SOFA and Charlson Comorbidity Index (CCI) (Charlson et al.,
1987), comorbidities and potential risk factors for CDI. Charlson
Comorbidity Index was calculated, during the first 72 hours of
hospitalisation in the ICU.

Definitions

CDI was clinically defined according to the 2010 guidelines of
the Society for Healthcare Epidemiology of America and the Infec-
tious Diseases Society of America (Cohen et al., 2010) if a patient
manifested at least three watery defecations, which tested positive
for C. difficile and any of the following clinical signs: leukocyto-
sis >15,000/mm3, dehydration/hypotension, shock, ileus and
megacolon. If there was a positive culture for C. difficile, then the
isolate was tested for Clostridium toxins A and B to confirm CDI.
Laboratory diagnosis was performed by simultaneous detection
of glutamate dehydrogenase (GDH) and toxin A and B by a stool
specimen, followed by a toxigenic culture (TC). If GDH and toxins
A and B were detected then CDI was confirmed. If CDI was con-
firmed, new stool specimens were obtained on days three and five
after the onset of symptoms. If a patient did not yield positive lab-
oratory findings for CDI after an episode of diarrhoea, he could be
assessed for a subsequent episode of diarrhoea after a minimum of
seven days (Goldenberg and French, 2011; Pancholi et al., 2012).
The severity of CDI was defined according to the UK Health Protec-
tion Agency (UK Department of Health, 2008) as: Bartlett (2002)
mild, if there was a normal leucocyte count and up to three watery
defecations per day belonging to a scale from 5 to 7 according to
the Bristol Stool Chart; Samore (1993) moderate, if the leucocyte
count was up to 15000/mm3 and 3 to 5 watery defecations;
Labbe et al. (2008) severe, if the leucocyte count was higher than
15,000/mm3, creatinine increased more than 50% of the baseline,
the patient temperature was more than 38.5 �C and there were
clinical or imaging signs of severe colitis and Modena et al.
(2005) life-threatening, if there were imaging signs of severe coli-
tis, hypotension, incomplete or complete ileus and toxic
megacolon.

Attributable mortality to CDI was defined as death due to the
infection with Clostridium difficile, if it ensued because of severe
sepsis or septic shock or organ dysfunction; it was deemed to be
a sequela of the infection with the pathogen in regard and if it
was not best attributed to concurrent or subsequent infection with
another pathogen or other comorbidities.

Outcomes

We sought to assess the incidence of CDI in patients hospi-
talised in the ICU, the incidence of diarrhoea in the ICU, as well
as the proportion of patients whose diarrheic episodes were due
to C. difficile. Other outcomes included the infection and patient
outcome, which were assessed on the 28th day after the initial
episode. Furthermore, additional analysis to detect potential risk
factors for CDI in ICU patients were performed.
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Statistical analysis

Patients with diarrhoea were divided based on whether they
had CDI or not. A univariate analysis was performed between the
two groups. The chi-square or the Fisher’s Exact tests were used,
when appropriate in the comparisons regarding categorical vari-
ables, whereas the t-test or the Mann-Whitney U Test were used
in the comparisons regarding continuous variables, depending on
the normality of distribution. A p value of <0.05 was regarded as
indicative of statistical significance. Factors found to be signifi-
cantly associated with the acquisition of CDI were introduced in
a logistic regression model to identify independent predictors.
Goodness of fit was assessed with Hosmer-Lemeshow Test. The
analyses were performed with the SPSS software (IBM SPSS Statis-
tics for Windows, Version 22.0. Armonk, NY: IBM Corp).

Results

Overall, 970 (100%) patients were included in the study, 95
(9.79%) presented with diarrhoea and 13 (1.34%) had a positive
stool culture for C. difficile. All variables for ICU patients with and
without CDI, as well as outcomes are summarised in Table 1.
Thirty-eight (40%) patients were male. The mean age was
65.2 ± 14.9 years and the mean weight was 81.5 ± 15.9 kg. Regard-
ing disease severity, the APACHE II, SOFA and CCI were 19.5 ± 8.7,
6.5 ± 3.1 and 4.5 ± 2.2, respectively. Patients without CDI had a
higher SOFA score upon admission (p = 0.034).

The most common comorbities were diabetes mellitus (n = 35,
36.8%), followed by Chronic Obstructive Pulmonary Disease
(n = 25, 26.3%). Other comorbidities included heart failure (n = 16,
16.8%), chronic renal disease (n = 11, 11.6%), stroke (either ischae-
mic or haemorrhagic) (n = 13, 13.7%), cancer (n = 6, 6.3%), and
haematological malignancy (n = 1, 1.1%). There was no difference
in comorbidities between patients with CDI versus those without
CDI. Twenty-eight patients (29.5%) had a previous hospitalisation
and thirteen patients (13.7%) had a prolonged one. Three patients
(3.2%) were receiving renal replacement therapy, one (1.2%) had
a gastrostomy and one (1.2%) had a colostomy. Two patients
(2.1%) had a previous CDI. There was no difference regarding prior
medical history between the groups, with the exception of prior
CDI, which was more common in patients with current CDI
(p = 0.017).

The most common reason for admission to the ICU admission
was pneumonia (n = 30, 31.6%). Other reasons included ARDS
(n = 26, 27.4%), sepsis (n = 17, 17.9%), surgery (n = 14, 14.7%), car-
diovascular disease (n = 9, 9.5%) and gastrointestinal bleeding
(n = 1, 1.2%). Twenty-one patients (22.1%) were admitted for vari-
ous other reasons. There was no difference regarding reasons for
admission in the ICU between the groups. Regarding previous con-
comitant treatment, the most common one was proton-pump inhi-
bitors, which was received by sixty-six patients (69.5%). Other
drugs included low molecular weight heparin (n = 34, 35.8%), glu-
cocorticoids (n = 30, 31.6%), laxatives (n = 12, 12.6%), H2-blockers
(n = 11, 11.6%), heparin (n = 8, 8.4%), acenocumarol (n = 4, 4.2%),
chemotherapy (n = 3, 3.2%), gastrokinetics (n = 3, 3.2%), non-
steroidal anti-inflammatory drugs (n = 2, 2.1%) and anti-
retrovirals (n = 1, 1.1%). There was no difference regarding previous
concomitant treatment between the groups.

The most common previous antibiotic treatment was
piperacillin/tazobactam which was received by twenty-seven
patients (28.4%), followed by carbapenems (n = 20, 21.1%). Other
antibiotics included third generation cephalosporins (n = 19,
20%), vancomycin (n = 19, 20%), b-lactam/b-lactam inhibitor
(n = 11, 11.6%), linezolid (n = 10, 10.5%), colistin (n = 10, 10.5%),
moxifloxacin (n = 8, 8.4%), macrolides (n = 8, 8.4%), second genera-
tion cephalosporins (n = 7, 7.4%), aminoglycosides (n = 6, 6.3%),
clindamycin (n = 5, 5.3%), ciprofloxacin (n = 3, 3.2%), metronidazole
(n = 2, 2.1%) and tigecycline (n = 2, 2.1%). There was no difference
regarding previous antibiotic treatment between the groups. Dur-
ing ICU hospitalisation, the most common antibiotic treatment
were carbapenems which were administered to thirty-one patients
(32.6%), followed by third generation cephalosporins (n = 23,
24.2%). Other antibiotics included vancomycin (n = 20, 21.1%), col-
istin (n = 16, 16.8%), linezolid (n = 14, 14.7%), moxifloxacin (n = 11,
11.6%), b-lactam/b-lactam inhibitor (n = 11, 11.6%), piperacillin/ta-
zobactam (n = 10, 10.5%), metronidazole (n = 10, 10.5%), clin-
damycin (n = 6, 6.3%), macrolides (n = 5, 5.3%), ciprofloxacin
(n = 4, 4.2%), aminoglycosides (n = 3, 3.2%), tigecycline (n = 3,
3.2%) and second generation cephalosporins (n = 1, 1.1%). There
was no difference regarding antibiotic treatment during ICU hospi-
talisation between the groups. There was no difference also
between the groups in leukocytosis, creatinine increase >50% of
baseline, hypotension, and shock. Furthermore, there was no dif-
ference between the groups in signs suggestive of CDI such as ileus
and megacolon.

Regarding the outcomes, twenty-eight patients (29.5%) died
within 28 days after admission in the ICU. There was no difference
in mortality between the groups. The death of four patients (30.8%)
with CDI was attributable to the infection. Eight patients (61.5%)
were considered cured from the CDI or improved within the same
period. A logistic regression including all potential risk factors for
CDI was performed, namely SOFA score upon admission and his-
tory of prior CDI infection. Hosmer and Lemeshow test suggested
the model was a good fit to the data as p = 0.84. No factor was inde-
pendently associated with CDI.
Discussion

The main finding of our study was that the incidence of CDI was
1.3%, the mortality was 38.5% and the attributable mortality was
30.8%. Although SOFA upon admission and history of prior CDI
infection were significantly different between patients with or
without CDI, no independent association was found with CDI.

Contrary to relevant bibliography, no differences were found in
patients with and without CDI in any of the other parameters
including antibiotic consumption, comorbidities, proton-pump
inhibitors, demographics and length of stay. Relevant bibliography
reports several potential risk factors for CDI, either initial or recur-
rent, including renal disease, antibiotic use, strain type, use of PPIs,
age etc. (Abou Chakra et al., 2014; Deshpande et al., 2015;
Zilberberg et al., 2014; Gutierrez-Pizarraya et al., 2018). In our
cohort, although SOFA score upon admission and prior CDI were
found to be significantly different between the groups, none of
them was independently associated with CDI. It should be noted
that SOFA score upon admission was significantly lower in patients
with CDI in our cohort. Given that age, co-morbidities and other
parameters, either directly or indirectly contributing in the calcu-
lation of SOFA score, are considered to be risk factors for CDI, this
finding does not seem to have an obvious explanation. A possible
reason for this difference could be a prolonged length of stay and
administration of antibiotics for less severely ill patients, as more
severely ill patients have increased mortality. However, no differ-
ence in these parameters was found between groups. Although a
sensitivity analysis based on length of stay and duration of antibi-
otics combined with severity of illness could further shed light on
the issue, such an analysis was not performed because the patient
samples were too small to allow a meaningful conclusion.

The identified incidence of CDI (1.3%) is rather low, given the
increased antibiotic consumption in Greece. This finding is compa-
rable with the incidence reported in other countries and settings
(Gutierrez-Pizarraya et al., 2018; Segar et al., 2017; Skoutelis et al.,



Table 1
Comparison between ICU patients with diarrhoea and with and without C. difficile infection.

C. difficile (�) culture
n = 82 (%)

C. difficile (+) culture
n = 13 (%)

p

Male 32 (39) 6 (46.2) 0.63
Age 65.2 ± 14.3 65.3 ± 19.1 0.59
Weight 80.9 ± 14.5 85.2 ± 22.9 0.86
APACHE II 19.8 ± 8.5 17.2 ± 9.8 0.53
SOFA 6.8 ± 3.2 4.8 ± 1.7 0.034
CCI 4.5 ± 2.1 4.5 ± 2.3 0.75

Reason of ICU admission
Pneumonia 28 (34.1) 2 (15.4) 0.22
Sepsis 12 (14.6) 5 (38.5) 0.053
ARDS 24 (29.3) 2 (15.4) 0.50
Gastrointestinal bleeding 1 (1.2) 0 (0) 1.00
Cardiovascular disease 9 (11) 0 (0) 0.35
Surgery 11 (13.4) 3 (23.1) 0.40
Other 18 (22) 3 (23.1) 1.00

Comorbidities
Diabetes mellitus 30 (36.6) 5 (38.5) 1.00
Heart failure 13 (15.9) 3 (23.1) 0.45
Chronic renal disease 10 (12.2) 1 (7.7) 1.00
COPD 23 (28) 2 (15.4) 0.50
Cancer 6 (7.3) 0 (0) 0.59
Haematological malignancy 1 (1.2) 0 (0) 1.00
Ischaemic stroke 4 (4.9) 1 (7.7) 0.53
Acute haemorrhagic stroke 6 (7.3) 2 (15.4) 0.30

Prior medical history
Prior hospitalisation 23 (28) 5 (38.5) 0.52
Prolonged hospitalisation 11 (13.4) 2 (15.4) 1.00
Renal replacement therapy 3 (3.7) 0 (0) 1.00
Gastrostomy 1 (1.2) 0 (0) 1.00
Colostomy 1 (1.2) 0 (0) 1.00
Prior CDI 0 (0) 2 (15.4) 0.017

Concomitant treatment
Proton-pump inhibitors 58 (70.7) 8 (61.5) 0.53
H2-blockers 10 (12.2) 1 (7.7) 1.00
Acenocumarol 3 (3.7) 1 (7.7) 0.45
LMWH 31 (37.8) 3 (23.1) 0.37
Heparin 5 (6.1) 3 (23.1) 0.075
Glucocorticoids 28 (34.1) 2 (15.4) 0.22
Chemotherapy 2 (2.4) 1 (7.7) 0.36
NSAIDs 2 (2.4) 0 (0) 1.00
Laxatives 10 (12.2) 2 (15.4) 0.67
Gastrokinetics 2 (2.4) 1 (7.7) 0.36
Anti-retrovirals 1 (1.2) 0 (0) 1.00

Prior antibiotic treatment
b-lactam/b-lactam inhibitors 11 (13.4) 0 (0) 0.35
2nd generation cephalosporins 5 (6.1) 2 (15.4) 0.24
3rd generation cephalosporins 15 (18.3) 4 (30.8) 0.25
Piperacillin/tazobactam 25 (30.5) 2 (15.4) 0.34
Ciprofloxacin 3 (3.7) 0 (0) 1.00
Moxifloxacin 7 (8.5) 1 (7.7) 1.00
Aminoglycosides 5 (6.1) 1 (7.7) 1.00
Carbapenems 16 (19.5) 4 (30.8) 0.46
Vancomycin 15 (18.3) 4 (30.8) 0.29
Clindamycin 3 (3.7) 2 (15.4) 0.14
Macrolides 8 (9.8) 0(0) 0.59
Metronidazole 2 (2.4) 0 (0) 1.00
Linezolid 10 (12.2) 0 (0) 0.35
Tigecycline 1 (1.2) 1 (7.7) 0.26
Colistin 9 (11) 1 (7.7) 1.00

Antibiotic treatment
b-lactam/b-lactam inhibitors 10 (12.2) 1 (7.7) 1.00
2nd generation cephalosporins 1 (1.2) 0 (0) 1.00
3rd generation cephalosporins 20 (24.4) 3 (23.1) 1.00
Piperacillin/tazobactam 10 (12.2) 0 (0) 0.35
Ciprofloxacin 4 (4.9) 0 (0) 1.00
Moxifloxacin 10 (12.2) 1 (7.7) 1.00
Aminoglycosides 2 (2.4) 1 (7.7) 0.36
Carbapenems 27 (32.9) 4 (30.8) 1.00
Vancomycin 16 (19.5) 4 (30.8) 0.46
Clindamycin 4 (4.9) 2 (15.4) 0.19
Macrolides 5 (6.1) 0 (0) 1.00
Metronidazole 10 (12.3) 0 (0) 0.35
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Table 1 (continued)

C. difficile (�) culture
n = 82 (%)

C. difficile (+) culture
n = 13 (%)

p

Linezolid 14 (17.1) 0 (0) 0.20
Tigecycline 2 (2.4) 1 (7.7) 0.36
Colistin 12 (14.6) 4 (30.8) 0.22

CDI criteria
Leukocytosis 46 (56.1) 8 (61.5) 0.71
Creatinine increase > 50% of baseline 29 (35.4) 8 (61.5) 0.07
Hypotension 12 (14.6) 1 (7.7) 0.69
Shock 2 (2.4) 0 (0) 1.00
Ileus 3 (3.7) 0 (0) 1.00
Megacolon 0 (0) 1 (7.7) 0.14

Outcomes
Mortality 23 (28) 5 (38.5) 0.52
Attributable mortality to CDI 4 (30.8)

APACHE II = Acute Physiology and Chronic Health Evaluation II, SOFA = Sequential Organ Failure Assessment, CCI = Charlson Comorbidity Index, ARDS = Acute Respiratory
Distress Syndrome, COPD = Chronic Obstructive Pulmonary Disease, LMWH = Low Molecular Weight Heparin, NSAIDs = Non Steroidal Anti-Inflammatory Drugs.
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2017; Yoon et al., 2014; Tirlapur et al., 2016). It should be noted that
our cohort consistedof amixedpopulation. This factmaypotentially
underestimate the incidence compared to populations with high
morbidity, such as patients with malignancies (Apostolopoulou
et al., 2011). However, our population are representative of the
patient mix that is generally admitted in the Greek ICUs.

It should be noted that similar incidence was also found in other
studies coming fromGreece. A recent study by Samonis et al. (2016)
reports a 6% prevalence of positive culture of C. difficile in hospi-
talised patientswith diarrhoea and4%prevalence of positive culture
and positive toxin by enzyme immunoassay. Kachrimanidou et al.
(2017) report an incidence of 25 CDIs per 10,000 hospital admis-
sions,while of 33CDI cases, 72.7%were hospital-acquired. It is inter-
esting that the hypervirulent PCR ribotype 027 was not found,
whereas ribotypes 017 and 126 predominated.

Specifically for the ICU setting, our results are similar with a
recent meta-analysis Karanika et al. (2016) which found that the
prevalence of CDI among ICU patients was 2%, and among diarrheic
ICU patients the prevalence was 11%. The overall hospital mortality
among ICU patients with CDI was 32%, compared with 24% among
those without CDI presenting a statistically significant difference in
mortality risk. The authors reached a similar conclusion, highlight-
ing the need for additional prevention in this setting.

On the other hand, the low prevalence of CDI within our cohort
may need per se the inclusion of a larger number of individuals to
show any potential risk factors. However, given that there is no
reason to support that the incidence would rise if the cohort was
larger, even if potential risk factors would be found their clinical
impact would be marginal. It seems that there may be factors that
have not been quantified up to now in the available bibliography
that may have a role in the prevalence of CDI.

Overall mortality in both of our groups was 29.5%, while overall
mortality and attributable mortality in patients with CDI was
38.5% and 30.8%, respectively. Mortality in our group is similar with
reports from other countries (Bouza et al., 2015; Karanika et al.,
2016; Alvarez-Lerma et al. 2014). However, attributable mortality
to CDI and the impact of CDI on length of stay are outcomes which
are not so extensively researched (Kenneally et al., 2007; Yoon
et al., 2014). It has been suggested that CDI is associated with
increased risk for mortality up to more than 50%, while it may pro-
long the length of stay, although in the study byDodek et al. no asso-
ciation of CDIwith ICU or hospitalmortalitywas found (Dodek et al.,
2013; Karanika et al., 2016; Reacher et al., 2016). The timing of CDI
treatment seems to be important, as the early treatment of ICU-
acquired CDI is not independently associated with an increased
mortality and impacts marginally the ICU length of stay (Zahar
et al., 2012). In our cohort, attributablemortality and overallmortal-
ity in the C. difficile positive group are almost the same, most proba-
bly because of the small number of non-survivors in this group.
However, the overall mortality and attributable mortality to CDI in
the cohort were 29.5% and 4.2%, respectively.

During the past decade, there has been an increase in a specific
type of C. difficile, which is hypervirulent, namely ribotype 027
complex. It has been associated with higher mortality and severity
of disease (Awad et al., 2014; Valiente et al., 2014). Although toxins
A and B are major virulence factors of the pathogen, their detection
in the stool by enzyme immunoassay does not predict the severity
of CDI or mortality (Rao et al., 2015). Thus, PCR ribotyping may be
essential to detect the existence of the hypervirulent strain and
predict worse outcomes. It should be noted that ribotyping was
not performed in our cohort. Given the relatively high attributable
mortality, the presence of the hypervirulent strain cannot be
excluded.

Given that infection control is difficult in the ICUs, especially if
one considers the relative faecal abundance and the colonisation
pressure that are common in the ICU setting, it is important to con-
trol the reservoir, improve hand hygiene and control the environ-
ment. Irrespective to the variable prevalence of CDI among ICUs,
it should be stressed out that strict hand-washing may be one of
the key factors for infection control. Hand disinfection with alco-
holic solutions is ineffective. Instead, thorough hand-washing
using soap and soap should be performed. The promotion of hand
hygiene among health care workers in the ICUs may greatly con-
tribute to the control or even reduction in this setting (Zahar and
Blot, 2018; De Wandel, 2017; Battistella et al., 2017).

Limitations

There are some limitations that should be considered. First, the
design of our study may have missed potential factors that would
increase the risk of acquisition of CDI that could have an impact on
the outcomes. Also, one may argue that the case mix is rather
heterogeneous to allow meaningful conclusions, as well as the
small number of participating ICUs. It should be noted that the
structure of the health system in Greece does not support the
diversity in case mix, as the majority of Greek ICUs are mixed ICUs
with similar case mix. The ICUs included in our study are among
the largest in Greece. Regarding the clinical practices, we
acknowledge the existence of potential differences. However, they
most probably lie on the implementation of infection control mea-
sures, which is the reason we suggest it as the main reason of the
low incidence of CDI in our cohort. Furthermore, one may argue
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that the low prevalence of CDI was unexpected given the usually
reported high exposure rate to antibiotics in the Greek ICU popula-
tion. Given that no risk factors have been identified, it seems that
there may be factors that have not been quantified up to now in
the available bibliography that may have a role in the prevalence
of CDI. We think that the implementation of infection control mea-
sures and bundles have a crucial role, although this could not be
quantified with the applied methodology in our study. Lastly, this
study may depict cross-sectional data that do not essentially uni-
formly represent clinical practice.

Conclusion

In conclusion, CDI was found to have alow incidence in critically
ill patients in Greek ICUs. Mortality was similar to reports from
other countries. Although SOFA score upon admission was lower
in patients with CDI and history of prior CDI infection was higher
compared to patients without CDI, no factor was independently
associated with CDI.
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