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Summary
Few studies have evaluated the incidence and risk factors of Clostridium difficile infection 
(CDI) in the adult Polish population, in particular in solid organ recipients hospitalized at the 
nephrological ward. 

The aim of this study was to analyze Clostridium difficile infections (CDI) among patients ho-
spitalized in the Department of Nephrology, Transplantation and Internal Medicine, Medical 
University of Silesia in Katowice.

Thirty-seven patients with Clostridium difficile infection diagnosed between October 2011 and 
November 2013 (26 months), identified among a total of 3728 patients hospitalized in this 
department during this period, were included in this retrospective, single-center study. The 
CDI definition was based on the current recommendations of the European Society of Clinical 
Microbiology and Infectious Diseases.

The observation period was divided into two 13-month intervals. Increased incidence (of 
borderline significance) of CDI in the second period compared to the first period was observed 
(1.33% vs 0.65% respectively; p=0.057). Patients after kidney (n=11), kidney and pancreas (n=2) 
and liver (n=5) transplantation represented 48% of the analyzed CDI patients, and in half of 
these patients (50%) CDI symptoms occurred within the first 3 months after transplantation. 
Clostridium difficile infection leads to irreversible deterioration of graft function in 38% of kidney 
recipients. Most incidents of CDI (70%) were identified as nosocomial infection.

1. Clostridium difficile infection is particularly common among patients in the early period after 
solid organ transplantation. 2. Clostridium difficile infection may lead to irreversible deteriora-
tion of transplanted kidney function.

Clostridium difficile • risk factors • kidney transplantation • kidney and pancreas transplantation • liver 
transplantation 
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in kidney and pancreas recipients [1,4,15,37,48,49,51]. 
Such infection was diagnosed more often in the early 
period after transplantation, in males, in recipients of 
deceased-donor organs, with diagnosed leukopenia and 
after exposure to cephalosporins [46]. Limited data are 
available regarding the incidence and risk factors of 
CDI in patients after solid organ transplantation in the 
Polish population [37].

A significant increase in the incidence and the mortality 
due to Clostridium difficile infection has been observed 
in the past two decades [18,38,41,43]. According to the 
epidemiological data the number of CDI cases in Poland 
increased from 2409 in the year 2011 to 3293 cases in 
the year 2012 [12]. Moreover, higher rates of severe and 
severe-complicated infection, treatment failure, recur-
rence of CDI and a greater proportion of community-
-acquired disease were reported.

The aim of this study was to analyze Clostridium difficile 
infections among patients hospitalized in the Depart-
ment of Nephrology, Transplantation and Internal Medi-
cine, Medical University of Silesia in Katowice.

Material and methods

Thirty-seven patients with Clostridium difficile infection 
diagnosed between October 2011 and November 2013 (26 
months), identified among 3728 patients hospitalized in 
this period, were included in this retrospective, single-
-center study. The CDI definition was based on the cur-
rent recommendations of the European Society of Clinical 
Microbiology and Infectious Diseases (ESCMID) and was 
diagnosed in a two-step algorithm. The enzyme immuno-
assay Premier Toxins A&B test (Meridian Bioscience, Inc., 
Cincinnati, USA) was performed for Clostridium difficile 
toxin detection in stool samples obtained from patients 
with diarrhea. All stool samples with an initial negative 
toxin assay result were evaluated subsequently using the 
toxigenic culture with chromID Clostridium difficile culture 
media (bioMérieux S.A., Marcy L’Etoile, France) under 
anaerobic conditions. After 48 hours organisms cultured 
on selective media were tested for toxin production once 
again with the enzyme immunoassay Premier Toxins A&B 
test (Meridian Bioscience, Inc., Cincinnati, USA).

Recurrent CDI was defined as the recurrence of the 
infection within two months after the resolution of 

Introduction

Clostridium difficile is currently the most common iden-
tifiable pathogen of antibiotic-associated diarrhea 
[5,22,37] and also a major cause of nosocomial diarrhea 
[10,25]. This anaerobic, Gram-positive, spore-forming 
bacterium may produce toxins A and B, which trigger 
the mechanism of the intestinal mucous membrane 
damage [21]. The exposure to toxigenic strains of Clostri-
dium difficile can lead to asymptomatic colonization of 
the intestine or to the development of Clostridium diffi-
cile infection (CDI). It is thought that 3% of the general 
population is colonized with this bacteria, and this pro-
portion increases to 20-40% among hospitalized patients 
[33,50]. Moreover, it has been shown that the risk of 
asymptomatic colonization increases with the length of 
stay in hospital [44,47]. Clinical manifestations of CDI are 
very diverse. It may present as diarrhea with no signs 
of inflammation, inflammation of the intestine without 
membrane formation, pseudomembranous colitis and 
fulminant colitis followed by toxic megacolon, paraly-
tic ileus or colon perforation [7,8]. A significant clinical 
and economic problem is the recurrence of CDI after an 
initial infection. That may be diagnosed in up to 20% of 
CDI patients [17,39].

The most important CDI risk factor is antibiotic expo-
sure, especially to those agents with a broad antibacterial 
spectrum (penicillins, cephalosporins, fluoroquinolones 
and clindamycin) [22,31,36]. Greater predisposition to 
CDI was observed in elderly patients, recently hospi-
talized, with serious comorbidities such as malignant 
disease, chronic kidney disease, liver cirrhosis, diabe-
tes mellitus or non-specific inflammatory bowel dise-
ases. Additional risk factors include dysfunction of the 
immune system (HIV-positive patients, patients after 
solid organ or hematopoietic stem cell transplantation), 
previous gastrointestinal surgery or endoscopic proce-
dure and the use of medication that suppresses gastric 
acid production such as proton pump inhibitors or hista-
mine type 2 receptor antagonists [23,29,52].

Patients after solid organ transplantation are particu-
larly predisposed to Clostridium difficile infection. It has 
been reported that the incidence of CDI among organ 
recipients is significantly higher than in the general 
population and is estimated to be 3.2 to 16% in kidney 
recipients, 2.7 to 7% in liver recipients and from 2 to 8% 
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and oral vancomycin. One patient, who was in early 
pregnancy, was treated only with oral vancomycin. Six 
patients (16.2%) required intravenously administration 
of metronidazole because of the lack of effect of the oral 
treatment or the presence of severe CDI. Discontinu-
ation of previous antimicrobial therapy was possible in 
less than half of the CDI group (43.2%).

Diagnosis of Clostridium difficile infection

The main clinical symptom of CDI, observed in 37 (100%) 
patients, was diarrhea with various severity, susta-
ined for 12.9 ± 8.4 days. The average number of stools 
per day was 6.7 ± 3.0. During the infection there was 
noted a reduction in body weight in 18 patients. In these 
patients mean reduction of body weight was 6.5 ± 4.3 kg.

Abdominal pain, vomiting and fever were other frequ-
ent accompanying symptoms, occurring in 22 (59.4%), 4 
(10.8%) and 28 (77.7%) patients, respectively. 

From patients with a clinical suspicion of having CDI 
in 35 cases the presence of toxins in the stool samples 
was detected using the enzyme immunoassay test. In 
the other two cases, with an initial negative toxin assay 
result, the toxigenic culture test was positive.

Leukocytosis (> 10 G/L) developed in 25 (67.6%) patients 
and leukopenia (<4 G/L) was observed in 3 (8.1%) cases. 
Most of the CDI patients (97.3%) had elevated serum 
concentrations of C-reactive protein (CRP). The ave-

the previous episode. Severe CDI was diagnosed in the 
following cases: hospitalization in case of community-
-acquired CDI, presence of toxic megacolon or perfora-
tion which may necessitate colectomy, admission to the 
intensive care unit or death secondary to CDI within 30 
days from onset of symptoms. 

Nosocomial infection was defined as infection occur-
ring 48 hours or more after hospital admission. Com-
munity-acquired CDI was diagnosed in the case of onset 
of symptoms up to 48 hours after hospital admission or 
before admission, if the patient had healthcare exposure 
for more than the last 3 months.

The following risk factors for severe CDI were included 
in the analysis: age >70 years, ileus, computed tomogra-
phic findings suggestive of CDI, elevated white blood cell 
count >20 G/l, serum creatinine concentration >2 mg/dl, 
plasma albumin concentration <2.5  g/l, intravenous 
immunoglobulin treatment and previous surgery within 
the last 30 days.

Statistical analysis was performed using the STATISTICA 
7.0 PL for Windows software package (StatSoft Polska, 
Kraków, Poland) and MedCalc 11.3.8. (Mariakerke, Gent, 
Belgium). Results are presented as mean values ​​and 
standard deviations. Statistical significance of between-
-group differences was evaluated by analysis of the chi2 
test. In all statistical tests ‘p’ values below 0.05 were con-
sidered statistically significant.

Results

The characteristics of the study group are shown in 
Table 1. During the 26 months of observation Clostridium 
difficile infection was diagnosed in 37 patients and one 
patient suffered from recurrence of CDI. Nosocomial 
infection was identified in 70% of CDI cases and com-
munity-acquired CDI was diagnosed in 3 patients. The 
average time between the onset of symptoms and the 
diagnosis of CDI was 8.1 ± 7.5 days. Six (16%) patients 
developed severe infection and one of them died within 
30 days after the onset of CDI symptoms (Table 2). Four 
cases of severe form of Clostridium difficile infection were 
diagnosed in patients after solid organ transplantation.

Between October 2011 and November 2013 the mean 
incidence rate of CDI was 9.9 per 1 000 patients hospita-
lized in the Department of Nephrology, Transplantation 
and Internal Medicine, Medical University of Silesia in 
Katowice. This observation period was divided into two 
13-month intervals. There was increased incidence (of 
borderline significance) of Clostridium difficile infection 
in the second period compared to the first period (1.33% 
vs. 0.65% respectively, p=0.057). The number of incidents 
of CDI in particular quarters of a 26-month follow-up is 
shown in Figure 1.

In almost all patients with CDI (n=36, 97.3%) the main 
treatment was simultaneous use of oral metronidazole 

Table 1. Characteristics of patients diagnosed with CDI (n=37)

 Age [years]  56 ± 14 

 Sex [M/F]  20/17

 BMI [kg/m2]  25 ± 4.9

 Diabetes [n/%]  [12/32%]

 Chronic kidney disease [n/%] [22/64%]

 Dialysis [n/%]  [8/22%]

 Systemic vasculitis [n/%]  [5/13%]

 Liver cirrhosis [n/%]  [5/13%]

 Inflammatory bowel disease [n/%]  [1/3%]

 Cancer [n/%]  [7/19%]

 Patients after organ transplantation [n/%] [18/48%]

Table 2. Severe diseases associated with Clostridium difficile (n=6)

Admission to hospital for treatment  
of community-acquired CDI [n]

3

Toxic megacolon [n] 1

Colectomy [n] 0

Transfer to the intensive care unit due  
to CDI complications [n]

1

Death [n] 1
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Risk factors

54% of the study group were male. The mean age of CDI 
patients was 58 ± 16 years. CDI occurred more frequently 
in elderly persons. This disease was found before age 40, 
between 40 and 50 and over age 50 in 6 (16.2%), 6 (16.2%) 
and 25 patients (67.6%), respectively.

As a risk factor, 29 (78.4%) patients had a history of anti-
biotic use in the previous 4 weeks before onset of CDI 
symptoms, and 19 patients (51.3%) were treated with 
more than one antibiotic. The clinical presentation of 
CDI was observed an average of 9.1±7.0 days after the 
beginning of antibiotic therapy, and fluoroquinolones 
were the most frequently used drugs. The antibiotic 
exposure in the study group is shown in Figure 2.

rage leukocyte count and CRP serum concentrations 
in the study group were 16.8 ± 13.9 G/L and 89.9 ± 
80.9 mg/L, respectively. There was noted a decrease 
in hemoglobin concentration in 20 (54%) patients (by 
an average of 1.7 ± 1.5 g/dL), and hypokalemia (serum 
potassium concentration <3.5 mmol/l) was present in 
10 (27%) patients.

Toxic megacolon was diagnosed in 1 patient. There was 
no perforation of the colon and none underwent colec-
tomy. 

The average length of stay in hospital and the time 
between the diagnosis of CDI and the discharge from the 
hospital in the study group were 21 ± 11 and 11 ± 8 days, 
respectively.

 
Fig. 1. Number of incidents of CDI in particular quarters of a 26-month observation period

 
Fig. 2. Antibiotic exposure in the CDI patients
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before the diagnosis of CDI received a triple immunosup-
pressive therapy, consisting of cyclosporine A (16.6%) 
or tacrolimus (83.3%), mycophenolate mofetil, myco-
phenolic acid (50%) or everolimus (5.5%) and steroids. 
Three patients (16.6%) received basiliximab (Simulect, 
Novartis, Basel, Switzerland) or antithymocyte globulin 
(ATG, Fresenius, Bad Homburg, Germany) as an induc-
tion therapy. In 3 patients elevated blood concentration 
of calcineurin inhibitors was noted before the diagnosis 
of Clostridium difficile infection (13 and 17 ng/mL blood 
concentration of tacrolimus at 2 months after renal 
transplantation and 26.8 ng/ml blood concentration of 
tacrolimus at 1 month after liver transplantation). The 
mean blood concentrations of tacrolimus and cyclospo-
rine A (C0 – cyclosporine trough level) in the course of 
infection were respectively 10.5 ± 4.2 ng/mL and 101.5 
± 78.5 ng/mL. Immunosuppressive regimens applied in 
the CDI patients after solid organ transplantation are 
shown in Table 4.

In 9 recipients (50%) CDI symptoms occurred within 
the first 3 months after transplantation. 55.5% of trans-
planted patients were men, leukopenia was diagnosed 
in 2 recipients, and the most commonly used antibiotics 
were fluoroquinolones. The indications for antibiotic 
use among CDI patients after solid organ transplantation 
are shown in Table 5. Proton pump inhibitors were used 
in 17 (94.4%) recipients with CDI. This infection leads to 
deterioration of kidney graft function in 10 kidney or 
kidney and pancreas transplant recipients. In 5 (38%) 
patients the loss of graft function was irreversible. The 
individual serum concentrations of creatinine during 
Clostridium difficile infection among these patients are 
shown in Figure 3.

Eleven patients with Clostridium difficile infection were 
transplanted between October 2011 and November 2013. 
In this period there were 325 solid organ transplanta-
tions in our Clinical Hospital in Katowice, and the per-
centage of CDI patients diagnosed at this time among 
renal transplant recipients, kidney and pancreas and 
liver recipients was 2.7%, 7.7% and 5.9%, respectively. 
There was a greater incidence of CDI among patients 
after liver and simultaneous kidney and pancreas trans-
plantation compared to renal transplant recipients, but 
this difference was not statistically significant (6.3 vs. 
2.7, p= 0.28), probably due to the low number of patients 
enrolled in this analysis.

Proton pump inhibitors were used in 29 (78.4%) patients 
with CDI. None of them was treated with histamine 2 
receptor blockers.

70.3% of CDI patients were hospitalized in the Depart-
ment of Nephrology, Transplantation and Internal Medi-
cine or in another hospital during the three months 
before symptoms of Clostridium difficile infection, and 
every third patient was hospitalized more than once. 

The analysis of already known risk factors of severe CDI 
is shown in Table 3. 

Patients after transplantation

Eighteen (48%) patients with CDI were after solid organ 
transplantation, including 11 renal recipients (i.e. 61% of 
patients after transplantation), 5 liver recipients (28%) 
and 2 patients after simultaneous kidney and pancreas 
transplantation (11%). All transplanted organs came 
from deceased donors. One-third of patients (33.3%) 

Table 3. Risk factors of severe course of CDI in the study group (n=37)

Age > 70 years [%] 16

WBC >20 G/l [%] 22

Serum creatinine > 2 mg/dL [%] 76

Albumin <2.5 g/dL [%] 32

Bowel obstruction [%]  3

Changes in the large intestine detected in CT [%] 8

History of surgery in the last 30 days [%] 13

Intravenous infusion of immunoglobulins [%] 8

Table 4. �Immunosuppressive regimens applied in the CDI patients after 
solid organ transplantation (n=18) and mean blood concentration 
of calcineurin inhibitors noted before the diagnosis of CDI. CsA – 
cyclosporine A, Tc – tacrolimus, MMF – mycophenolate mofetil, MPA 
– mycophenolic acid, E – everolimus, CsA C0 – cyclosporine trough 
level, Tc C0 – tacrolimus trough level

CsA/Tc [n] 3/15

MMF/MPA [n] 4/5

E [n] 1

Glucocorticoids [n] 14

CsA dose [mg/kg per day] 1.6 ± 0.7

Tc dose [mg/kg per day] 0.1 ± 0.1

MMF dose [g per day] 0.7 ± 0.2

MPA dose [g per day] 0.6 ± 0.5

E dose [mg per day] 1.0 ± 0.0

Glucocorticoids dose [mg per day] 13.2 ± 9.2

CsA C0 [ng/mL] before the diagnosis of CDI 131.5 ± 7.8

Tc C0 [ng/mL] before the diagnosis of CDI 9.5 ± 6.4

Table 5. �Antibiotic use indications among CDI patients after solid organ 
transplantation 

Indications for antibiotic use n

Urinary tract infection 10

Pneumonia 1

Upper respiratory tract infection 1

Sepsis 1

Other 3
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lation [2]. The frequency of Clostridium difficile infections 
in Poland has not been fully explored yet. The preli-
minary results presented by Pituch et al. showed that 
in 2011 the mean incidence of CDI was 3.66 per 10 000 
hospital admissions [42]. However, according to some 
authors, the actual CDI frequency remains underestima-
ted by as much as 25%. This may be explained by the 
variety of diagnostic methods used in different medical 
centers [2,13].

One of the main risk factors of CDI is the use of broad-
-spectrum antibiotics [34,45]. This association was con-
firmed in the present study. The majority of our patients 
were taking the antibiotics in the previous 4 weeks 
before onset of CDI symptoms. Fluoroquinolones were 
the most frequently administered drugs, which may 
be explained by the fact that urinary tract infections 
were the main indications for antibiotic use in the study 
group. 

A significant percentage of patients with CDI were tre-
ated with proton-pump inhibitors. Studies published so 
far have presented contradictory results about the cor-
relation between the use of gastric acid secretion redu-
cing drugs and frequency of Clostridium difficile infections 
[10,23]. Nevertheless, in 2012 the Food and Drug Admi-
nistration made an announcement about the possibility 
of CDI developing as an adverse effect of proton-pump 
inhibitors use [16].

Discussion

This study is one of the few publications so far concer-
ning the incidence and risk factors of Clostridium difficile 
infections in the Polish population. The results showed 
an increase (of borderline significance) of the incidence 
rate of CDI in the last 2 years and relatively high severe 
CDI occurrence. This higher rate of infection observed 
during past years may be a consequence of increased 
prevalence of the hypervirulent endemic B1/NAP1/027 
strain of Clostridium difficile. This ribotype is characteri-
zed by extensive production of A and B toxins, produc-
tion of an additional binary toxin, greater ability to form 
spores and higher resistance to fluoroquinolones. More-
over, there have been reported associations between 
infection of the B1/NAP1/027 ribotype and more fre-
quent occurrence of severe and complicated forms of 
CDI, higher percentage of disease recurrence and higher 
mortality rate [27,32,45]. According to the epidemiolo-
gical data, ribotype 027 is detected in 5-75% of CDI cases 
[9,26] in European countries and in about 30-34% of CDI 
cases diagnosed in Poland [42]. Due to the retrospective 
nature of the present study, genotype analysis of Clostri-
dium difficile strains was not possible.

The average incidence rate of CDI in the study group was 
9.9 per 1000 hospitalizations and was comparable to data 
presented for the US population [19,30], but higher in 
comparison to data from studies of the European popu-

 
Fig. 3. Serum concentrations of creatinine during Clostridium difficile infection among 10 patients with deterioration of kidney graft function
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Similarly to the results of earlier studies [11,35,46], in 
the present group the symptoms of Clostridium difficile 
infection appeared particularly often in the early period 
after transplantation, most likely as an effect of inten-
sive immunosuppressive therapy used in this period. 
An important aspect of this study is to show an adverse 
effect of Clostridium difficile infection on transplanted 
kidney function. This observation was also confirmed in 
a case-control study among patients after kidney trans-
plantation, in which poor outcomes, defined as graft loss 
and/or all-cause mortality, were more common among 
recipients with CDI (adjusted hazard ratio 5.69; p = 0.001) 
[40]. In our study no biopsy of the transplanted kid-
ney was performed during the infection or in the early 
period after CDI. However, one can suppose that dehy-
dration and even a slight degree of variation in blood 
concentration of immunosuppressive drugs during diar-
rhea can lead to irreversible damage of the transplanted 
organ. 

American Society of Transplantation recommenda-
tions for CDI treatment are based on the results of the 
few observational and case-control studies [15]. Thus, it 
seems necessary to perform a large, randomized clinical 
study to estimate risk factors and diagnostic and thera-
peutic procedures in this group of patients.

The limitation of our study is that due to its retro-
spective nature genotype analysis of Clostridium diffi-
cile strains was not possible. We have found that this 
infection could lead to deterioration of kidney graft 
function. However, we did not perform biopsy of trans-
planted kidneys, so we could not exclude acute rejec-
tion and evaluate the histopathological features of the 
renal damage.

In conclusion, Clostridium difficile infection is particularly 
common among patients in the early period after solid 
organ transplantation. CDI may lead to irreversible dete-
rioration of transplanted kidney function.

CDI incidence rate increases with age and the number 
of previous hospitalizations [24]. In this study patients 
aged over 50 were the majority of the CDI group. More-
over, every third patient was hospitalized more than 
once during the three months before the occurrence of 
Clostridium difficile infection symptoms. 

Patients after solid organ transplantations have several 
unique risk factors that may lead to particularly high CDI 
predisposition [14]. Such factors are immunosuppressive 
therapy and frequent use of antibiotics, frequent hospi-
talizations and immune system dysfunction [14]. More-
over, in the last decades there has been a significant 
increase in the number of elderly patients after organ 
transplantation, with numerous accompanying diseases, 
which may also affect the CDI risk. In the present study, 
48% of CDI patients were after organ transplantation 
and patients after liver transplantation and kidney with 
pancreas transplantation, characterized by a tendency 
for a higher CDI incidence rate in comparison to kidney 
recipients. Similarly, Ali et al. [3], Boutros et al. [11] and 
Stelzmueller et al. [48], estimating the frequency of CDI 
among patients after organ transplantations, reported 
a higher percentage of patients with diagnosed CDI in 
the group of liver recipients than in kidney recipients. 
Transplantation of the liver, an organ less immunogenic 
than kidneys, allows the use of a less aggressive immu-
nosuppressive protocol. Nevertheless, patients with cir-
rhosis are most often cachectic, with immunodeficiency, 
and frequently require use of broad-spectrum antibio-
tics. These patients also stay longer in hospital after the 
transplantation. In this study, kidney and pancreas reci-
pients had a higher (though without statistical signifi-
cance) CDI incidence rate, which is consistent with data 
presented by other authors [22,35,46]. One can assume 
that using more intensive immunosuppressive therapy, 
including induction therapy, longer hospitalization after 
the operation and operating directly within the dige-
stive tract may increase the risk of CDI among patients 
after kidney and pancreas transplantation. 
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