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Abstract
Clostridium difficile infection (CDI) is a leading cause of a healthcare-associated diarrhea worldwide. Recently, an increased number of new cases and growing 
mortality due to CDI have been observed. Patients suffering from end-stage renal disease (ESRD) are highly exposed to CDI. It has been proven that CDI in 
patients receiving renal replacement therapy (RRT) significantly increases mortality, prolongs hospitalization and increases the cost of treatment. Important risk 
factors of CDI in ERSD patients include hospitalization or stay in an intensive care unit in the last 90 days, HIV infection, bacteraemia, prolonged antibiotic therapy 
and hypoalbuminemia. Cirrhosis, age over 65 years, hypoalbuminaemia, longer hospitalization time and use of antibiotics are significant risk factors of death in 
these patients. Effective methods of preventing CDI include hand hygiene, isolation of infected patients, the use of masks, gloves, disinfection of the environment 
and systematic education and control of medical personnel, as well as rational antibiotic policy. In addition, it is important to avoid antibiotics with a proven risk of 
CDI, cautious use of proton pump inhibitors (PPI) and H2 receptor antagonists. It is also important in the prevention of CDI, in people with ERSD, to apply fast 
diagnostics right from the onset of the first symptoms. Use of probiotics and bile acids in the primary prevention of CDI requires further research. It seems that 
knowledge of these factors and methods of prevention will significantly reduce morbidity and mortality caused by the CDI.
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Introduction
Pseudomembranous colitis caused by Clostridium difficile is one of 

the most leading causes of diarrhea among hospitalized patients [1]. 
However, more recently there has also been a significant increase in 
environmental (non-hospital) C. difficile infections (CDI) [2]. Their 
epidemiology and risk factors are not yet fully understood, however, 
it is estimated that the prevalence could be as high as 41% among 
all CDIs [3].  Among the most vulnerable patients, both for hospital 
and community-acquired infections are those suffering from end-
stage renal disease (ESRD) [4]. The explanation for this fact is, among 
the others, the frequent use of antibiotics, the need for permanent 
outpatient dialysis, and a more frequent need for hospital admission, 
both urgent and planned. It has been proven that CDI in patients 
treated with renal replacement therapy (RRT), by hemodialysis, results 
in prolonged hospitalization, is usually more severe, increases mortality 
and significantly multiplies costs. It may cause a serious problem and at 
the same time is calling for strategies to counteract its prevalence [4].

CDI is caused by a Gram-positive, obligatory anaerobic, spore-
forming bacillus, resistant to high temperature, as well as to hydrochloric 
acid and antibiotics. CDI is transferred by the fecal-oral route. The 
spores are transformed in the small intestine into vegetative forms, 
capable of producing toxin A and/or toxin B and binary toxin, which are 
the main causes of virulence of this bacterium. They cause damage to 
the intestinal mucosa, which in turn leads to the development of colitis, 
the formation of purulent membranes and diarrhea [5-7]. This disease, 
in most cases, proceeds mildly, in some patients is asymptomatic, but 
can also lead to severe dehydration, hypo-albuminemia, septic shock, 
and even death, in extremely severe cases [8]. In 2005, the first strain 
of C. difficile, named North American PFGE type 1 NAP1/BI/027 was 
described, with significantly greater virulence producing 16 times more 
toxin A and 23 times more toxin B, compared to previous strains. This 
strain is responsible for the recent CDI outbreaks, causing more severe 
disease and it is responsible for higher mortality [9].

Recognized risk factors of CDI are the following: antibiotic 
therapy, use of proton pump inhibitors (PPIs), antidepressants, non-
steroidal anti-inflammatory drugs (NSAIDs), advanced age, vitamin-D 
deficiency, prolonged hospitalization, chronic diseases, chemotherapy, 
immunosuppression, gastric tube feeding and post-operative milieu in 
the abdominal cavity [10-12]. Many studies published in recent years 
indicate a greater incidence rate and mortality due to CDI in patients 
with chronic kidney disease (CKD), especially those in the ESRD phase, 
in comparison to the general population [13,14]. 

The aim of this study is to outline the risk factors of a CDI outbreak 
in ESRD patients and to assess possible methods of prevention of its 
perpetuation and propagation.

For this review, original articles, meta-analyses, and reviews have 
been considered. We searched the PubMed database for English 
language references published from 1990 to 2019, crossing the terms: 
“Clostridium difficile” or “Pseudomembranous colitis”, “End-stage renal 
disease” and “Chronic renal failure”. 

Clostridium difficile infection in ESRD patients 
The population of ESRD patients is constantly growing. According 

to the latest data from The United States Renal Data System (USRDS), 
in 2016 there was a total of 724 075 people suffering from ESRD, 
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of which 457 957 required RRT by hemodialysis, 51 057 were on 
peritoneal dialysis (PD) and over 215 000 underwent successful kidney 
transplantation (KTx) [15]. Patients on maintenance dialysis are a 
specific group, strongly exposed not only to hospital infection with C. 
difficile etiology but also to environmental hazards. In this group, the 
incidence of infection is estimated at about 4.25% and is even 2-3 times 
higher than in the general population [4,16]. This is most likely due to 
the fact, that patients with ESRD are more often hospitalized, require 
frequent use of antibiotics or intervention in the emergency department, 
which, as a recent report has documented, may be one of the main 
reservoirs of C. difficile environmental infection [17]. In addition, these 
patients are chronically subjected to repeated hemodialysis sessions at 
least three times a week, at the outpatient dialysis center, which also has 
been recognized as an environmental risk of CDI [18]. According to the 
data included in the USRDS, in 2016 a patient with ESRD was admitted 
to the hospital on average 1.7 times. For comparison, in the general 
population, this rate was 0.1 times [19].

It was also demonstrated that patients with CKD have a reduced 
gastric acid secretion and bacterial outgrowth, caused by abnormalities 
of peristalsis, which in turn facilitates bacterial colonization and 
subsequent occurrence of infection [20]. Those factors are associated 
with increased susceptibility to infection of various etiologies, in course 
of uremia [21].

The vast majority of recent publications confirmed that CDI in 
patients receiving renal replacement therapy with dialysis significantly 
increases mortality, prolongs hospitalization and significantly raises the 
cost of care [4,16]. Pant, et al. showed that among patients with ESRD, 
who suffered from CDI, compared to those without CDI, the duration 
of hospitalization is on average longer by 9 days, hospitalization costs by 
on an average of 68 thousand dollars, and mortality even twice as high 
[16]. In a similar publication, comparing patients with and without 
ESRD, infected by C. difficile, higher mortality, longer mean hospital 
stay time (9 vs. 7 days) and higher costs of hospitalization ($ 35 588 vs. 
$ 23 505 respectively) were found [22].

In a study in ESRD patients in Mexico, it was found that the most 
common symptoms of CDI, except diarrhea, were abdominal pain and 
bloating. Fever occurred less frequently, while in additional studies, the 
presence of leukocytes in the stool was characteristic [23]. In one of 
the last papers dealing with CDI in patients with ERSD, risk factors of 
infection, death, and recurrence of infection were examined at the onset 
of observation. It has been shown that important risk factors include: 
hospitalization in general wards or stay in an intensive care unit, in the 
preceding 90 days, age over 65 years, human immunodeficiency virus 
(HIV) infection and bacteremia. HIV infection increased the risk 2.6 
times compared to sero-negative patients [4]. Additional risk factors 
were pneumonia, rheumatoid arthritis (RA), hepatitis C virus (HCV), 
urosepsis, gastrointestinal tract bleeding and diabetes. Among people 
of Latino American origin and in African Americans, there was a lower 
incidence of CDI, in contrast to Caucasians, which accounted for 72.5% 
of all patients [4].

In addition, this study demonstrated liver cirrhosis and age over 
65 years to be significant risk factors for death in patients with ESRD, 
infected by C. difficile. The risk of death was also increased, although 
to a lesser extent, by a peptic ulcer, leucopenia, HCV and HIV 
infection, hospitalization in the intensive care unit, laparotomy and 
gastrointestinal bleeding. Kidney transplant recipients, patients treated 
by peritoneal dialysis and patients of Latino American origin were less 
likely to have a lower risk of death in the examined population [4].

Other significant risk factors for CDI in ESRD patients might 
include hypoalbuminemia and prolonged hospitalization. On the other 
hand hypoalbuminemia, prolonged hospitalization and frequent use of 
antibiotics were regarded as risk factors of death, as demonstrated in 
our previous study [13]. Although it concerned patients with CKD at 
various stages, it should be emphasized that 67% of patients, positive for 
the presence of C. difficile, had advanced chronic kidney insufficiency.

The incidence of CDI recurrence in patients with ESRD is estimated 
at approximately 23.6%, and the risk factors include age and Caucasian 
origin [4]. Unlike the general population, in a study, published by 
Tirath, et al. the relapse rate was neither affected by hospitalization nor 
its duration [4].

At present, there are no specific recommendations regarding 
treatment of CDI in subjects with ESRD. First and foremost, antibiotic 
therapy should be discontinued as fast as possible. In the initial 
treatment of mild CDI either vancomycin or fidaxomicin, rather than 
metronidazole, is recommended. For fulminant CDI, vancomycin 
administered orally is the medication of choice [24]. There was no 
advantage of vancomycin over fidaxomicin. Further-more in case of 
fidaxomicin, a reduced number of CDI recurrences and greater efficacy 
were found [25,26]. However, the high cost of fidaxomicin treatment, 
remains a major problem.  Bezlotoxumab, a human monoclonal 
antibody, against Clostridium difficile toxin B, was recently approved by 
FDA, to reduce CDI’s recurrence in high-risk adults, receiving antibiotic 
therapy for CDI. Given its high cost, it should be reserved for patients at 
high risk for recurrence, in order to make it cost-effective [27,28]. Fecal 
transplantation is a method of choice in dialysis patients with recurrent 
CDI, however, data on its efficacy and safety are still inadequate [29].

Methods of preventing CDI in patients with ESRD and 
in the general population

Over the past 15 years, there has been a significant increase in the 
incidence of CDI and a much more severe course has been observed 
[30]. This applies to both patients treated by hemodialysis and to the 
general population. It is estimated that in the United States, CDI now 
accounts for as many as 15 – 25% of all antibiotic-related diarrhea 
cases, with mortality oscillating around 3 – 15%, with 20% relapse rate 
and total annual treatment cost of 4 billion dollars [31,32]. There is an 
increasing number of deaths caused by CDI, including patients with 
ESRD. The latter association linked with the occurrence of an epidemic, 
hyper-virulent strain BI/NAP1/027 and the fact of starting RRT by 
increasingly elderly patients, with several concomitant diseases [4]. 

The CDI prevention strategies mainly involve methods of reducing 
patients’ exposure to the pathogen and minimize risk factors. In addition 
to basic practices such as hand hygiene, isolation of infected patients, 
the use of masks, gloves, disinfection of both the environment, medical 
equipment. Systematic education and control of medical personnel are 
always worthwhile. Nonetheless, the most important factor, impacting 
on a significant reduction in CDI frequency, appears to be a rational 
antibiotics policy [33]. The problem is very important, as it is estimated 
that approximately 50% of outpatient antibiotics, employed in case of 
respiratory tract infections, and even as much as 50% of antibiotics 
used in hospitals, has been prescribed without justification [34,35]. 
In studies analyzing the use of antibiotics in dental prophylaxis, it was 
demonstrated that in about 59% of cases the use of antibiotics was not 
compliant with the current guidelines [17]. These findings indicate the 
importance of comprehensive programs, aimed at reducing the use of 
unwarranted antibiotics (antibiotic stewardship programs). For this 
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purpose, special infection teams have been established in hospitals, with 
the purpose of education, to ensure compliance with current guidelines, 
in order to reduce the problem of antibiotics’ abuse. It is estimated that 
the implementation of these strategies would result in a reduction of 
infections caused by C. difficile, even by 52%. These activities would 
apply not only to nosocomial infections but also to the increasing 
incidence of environmental infections [33]. It is worth mentioning that 
these measures would also limit the incidence of other infections, such 
as those caused by methicillin-resistant Staphylococcus aureus (MRSA) 
or Pseudomonas aeruginosa resistant to fluoroquinolones.

Another important guideline is to avoid the use of antibiotics 
with the proven risk of CDI, such as clindamycin, fluoroquinolones or 
third generation cephalosporins, as well as unnecessarily prolonging 
duration of therapy with these drugs. Particularly this applies to 
patients on maintenance dialysis who are more frequently diagnosed 
with pneumonia, sepsis, urinary tract infections and other conditions 
associated both with peritoneal dialysis and hemodialysis [36]. Recent 
studies have shown differences in the effects of various antibiotics 
on the incidence of CDI, depending on whether they were used in 
hospital or outpatient clinic. It has been documented that in the case of 
hospitalization, the use of clindamycin, cephalosporin, fluoroquinolones 
or carbapenems increases the risk of CDI twice, whereas in the case 
of ambulatory treatment, the risk increases about 8–20 times for 
clindamycin and 3-5 times for cephalosporin and fluoroquinolones. 
Another study demonstrated that macrolides increase the risk of CDI 
twice in outpatient settings, but do not affect the frequency of infection 
in a hospital setting. On the other hand, there was no increased risk 
of infection when using tetracycline and aminoglycosides, both in the 
hospital and ambulatory settings [37-40]. This work shows that sensible 
selection of antibiotics may reduce the risk of CDI, in patients at high 
risk such as dialyzed subjects.

It is also important to notice, that most studies have confirmed 
the effect of PPIs and H2 receptor antagonists, on the increased risk 
of CDI in the general population [41-44]. These drugs are estimated 
to increase the risk of infection about 1.73 – 2.30 times [45]. However, 
there are also reports that did not confirm this relationship [46]. Given 
the widespread abuse of the above-mentioned drugs and at the same 
time reduced gastric acid secretion in dialysis patients, caution in their 
use is recommended, limiting their prescriptions to situations where 
they are necessary. This could significantly contribute to the reduction 
of CDI in both dialysis patients and in the general population.

Another important issue in preventing the spread of CDI is 
the necessity to obtain the material for laboratory testing as soon as 
possible. Slowing down this process delays diagnosis and subsequent 
isolation increasing the risk of disease transmission. Therefore, it is 
necessary to establish an appropriate procedure preventing delays both 
in the diagnosis of CDI and implementation of appropriate preventive 
and therapeutic measures.

Use of probiotics and bile acids’ compounds is traditionally 
regarded important in preventing CDI, although justification by 
clinical trials is rather ambiguous. In the case of probiotics, there are 
currently no recommendations for their routine use. However, there 
is a moderately documented evidence on their effectiveness in the 
prevention of primary infection [30,47-49]. There is also insufficient 
evidence for their effectiveness in secondary prevention.  In the recent 
paper, concerning the role of probiotics in CDI prevention, in the 
nephrology and transplantation ward, a significant reduction of the 
CDI incidence after administration of LP299v was observed, with 

subsequent significant increase after cessation of this prophylaxis [50]. 
Bile acid compounds, by shaping up gut physiological flora, could be 
crucial in both primary and secondary prevention of infection, but 
further research is necessary to confirm this notion [47].

The presence of a tunneled catheter or synthetic fistula, significantly 
increased the risk of CDI, compared to arteriovenous access made 
of the patient’s own vessels [18]. However, this may be due to the 
artificial vascular accesses described above, are used in patients with 
high morbidity and therefore require more frequent hospitalizations, 
than those in whom native vessels’ fistula has been made. A substantial 
fraction of recent research on CDI focuses on new antibacterial agents, 
such as cadazolid, surotomycin, ridinilazole, LFF571 and other, as well 
as new methods for treatment of recurrent CDI, such as non-toxigenic 
C. difficile strains, monoclonal antibodies against toxins A and B 
(actoxumab and bezlotoxumab) and vaccines are also in sight. 

Nonetheless, it should be born in mind that primary prevention 
(Table 1) should be given priority in arresting the escalation of CDI.

Summary
CDI is a serious problem both for patients with ESRD and in general 

population and as such, it associates with high costs of treatment. 
Patients on maintenance dialysis are a special group of individuals, 
in whom the disease is associated with a more severe course, greater 
mortality and the number of complications. Knowledge of risk factors 
and methods of prevention are the basic tools to combat the epidemic 
of nosocomial and non-hospital infections with C. difficile etiology. 
Rational antibiotic therapy, aseptic behavior, a rapid diagnosis from 
the onset of first symptoms and systematic education of patients and 
medical personnel, could significantly reduce morbidity and mortality 
caused by CDI, and notably, reduce costs associated with hospitalization.
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