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Foreword

How long has this thesis been going? Why right now? I would like to share with you, my

professional and personal reasons that have brought me here.

My professional way started in 2010. We began to study for the first time the impact of
Clostridium difficile in patients in our centre in collaboration with the Microbiology Department. The
results of this study were presented as an oral communication to both, the Regional Congress of Canarian
Society of Digestive Pathology and National Congress of Internal Medicine in 2011. When we analysed
the results, we found Clostridium difficile infection was more frequent in hospitalized patients except
in inflammatory bowel disease group. Moreover, when we analyzed their characteristics in a separate
way, we got completely different results compared with those from the rest of patients. For that reason,
we planned to study Clostridium difficile infection in more detail. Therefore, we started a first
descriptive study in out and inpatients in 2013. It was presented as oral communication in the Regional
Congress of Canarian Society, and we won the prize for the best oral communication. After this, I

decided to perform this thesis adding a control group.

My personal journey started 13 years ago. I was in Amsterdam in my external rotation at the
end of my training in the Digestive specialization with Dr. Salvador Pefia. At that moment, I was
pregnant with my first child. Thus, what happened next? Being alive involves making decisions all the
time and I chose my family at that moment. However, I did not give up my dream, and here I am! It has
been a long journey, and I have had an excellent good travel companions: Elena Jiménez and Alberto
Monescillo who have always been my stronger supports. They are my colleagues, my friends, the
shoulder to lean on when everything collapses, and it happened more than once. During all this time, I
have been interested in different subjects such as psychological disorders in IBD patients. The years
have gone by very fast but my necessity to carry out a thesis continued and finally in 2013 this project
began. First of all, I needed to refresh my rusty English, so I returned to study English and to certificate
the B1 and B2 levels with Cambridge and Trinity College respectively.

It has been a very long process but completely rewarding. Now, it is the second moment most

important in my professional life. I would like to share it with all people who love me and I love.

Anywhere but here, anywhen but now

Terry Pratchet
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You are my life

To Jose:
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1. General introduction

Clostridium difficile infection (CDI) in inflammatory bowel disease (IBD) patients is a
fascinating subject. Clostridium difficile (CD) is a cause of diarrhoea in humans for more than 30 years,
and its incidence has been increasing in the last decade. Since the early 2000s, severe CDI outbreaks in
hospitalized patients in North America and Europe have put in check to the health authorities, and it has
become a serious health problem with a high rate of complications and mortality. Newspapers and
television have covered the major Clostridium difficile outbreaks in the UK and North America.
Recently, in September 2015, the first faecal bank for recurrent CDI treatment has been created in the
USA. It provides clear evidence that the number of people contracting this hard-to-control and treat

bacterial infection is increasing.

What is Clostridium difficile and why is so hard to control and treat?

CD is the most frequent cause of diarrhoea in hospitalized patients and antibiotic-associated
colitis. It is a Gram-positive bacteria, strict anaerobic and spore-forming. Spores are easily spread via
airborne and can persist under adverse conditions for a long time. It can contaminate hospital

environment by spread through health care workers and suboptimal environmental cleaning practices.

CD lives harmlessly in the gut of 10% to 15% of adults under normal conditions without causing
symptoms (colonization). However, when the balance of intestinal flora is disrupted, often following a
course of antibiotics, it may produce a wide spectrum of clinical manifestations ranging from

asymptomatic carriage and uncomplicated diarrhoea to a severe, life-threatening infection.

In the last decade, the severity and mortality have increased, due to more virulent strains (e.g.
B1/NAP1/027) resistant to conventional antibiotics treatments. Thus, we have had many problems with
the treatment and the prevention onset new infections and recurrences. Treatment includes infection
control measures. Antibiotic therapy should be initiated as soon as possible, and faecal microbiota
transplantation can constitute another alternative treatment for recurrent and severe Clostridium difficile

infection (CDI).

Which patients are at risk to be affected by CD?

It had been believed that the typical profile of a patient with CD was a hospitalized and elderly
patient, undertaking antibiotics, with chronic diseases and immunodeficiency. However, the number of

people who contract it is increasing out of hospitals. The antibiotics exposure is neither necessary nor
23



sufficient for it, for the first time, an increased incidence of CD in children and pregnant women has
been described. A group particularly susceptible to CDI is inflammatory bowel disease (IBD) patients
(Crohn's disease and ulcerative colitis) especially those with involvement of the colon. IBD patients
with CDI tend to be younger, have less prior antibiotic exposure and in most cases had a community

acquisition. Consequently, IBD patients have a different risk profile compared with general population.

Which is the relationship between Clostridium difficile and inflammatory bowel disease? May CDI be

as dangerous as in the general population?

The relationship between CD and IBD is controversial. It is still not clear whether CD is an
etiologic cause or a consequence. It is unknown whether the problem is caused by an alteration of the
local immune system in the intestine or the systemic inflammatory state or both. CDI can play an
important role in the clinical initiation of IBD, can produce a delay at IBD diagnosis and can be a

challenging factor in the differential diagnosis of relapses.

CDI adds difficulties in IBD therapeutic management because it needs a specific antibiotic
treatment. Several studies in IBD have demonstrated a rising in the severity and rates of recurrence, both

associated with an increase in morbidity, surgeries and mortality.

Could the recurrence of CDI be a problem in IBD patients? Which would the best therapeutic approach

be?

The recurrences may be a problem after a first treatment in non-IBD and IBD patients, around

30% in both.

In IBD, the investigation of CD in stools sample is recommended in the relapses resistant to
conventional treatment in outpatient and all inpatients, based on clinical practice European, American
and Spanish Guidelines. However, there are not specific recommendations for the treatment in this
patients. Nowadays, we treat our IBD patients based on Microbiology Guidelines. For this reason, it
would be important that we had specific protocols for the best treatment strategies in IBD patients

specifically.

We have performed a retrospective, case-control study to evaluate the following points in our

country:
How have the number of IBD patients with CDI changed in the last 8 years?

24



Which are the risk factors for CDI in IBD patients with a relapse in our country?

Is the recurrence frequent in our patients? How do we treat them?

How do we freat CDI in our IBD patients?

How does CDI affect the outcome of IBD?

Our study is the first made in the Canary Islands about CDI in IBD patients to add experience
in the risk factors, recurrence and outcome. We need to know the implications of this infection in IBD

patients with a relapse in our country.

To attempt to answer those questions, the outline of this thesis is:

Chapter 1: Theoretical framework, includes an update of most important aspects that contribute to
understanding this study and its results. Special attention is given to the influence of Clostridium difficile

on inflammatory bowel disease.

Chapter 2: Study: Aims and method section
Chapter 3: Results

Chapter 4: Discussion

Chapter 5: Conclusions

Chapter 6: Our proposals to modify the management of CDI in IBD patients in our area, according to

our study
Appendices
Bibliography

Summary in Spanish
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2. Chapter 1: Theoretical framework: Clostridium difficile and IBD

2.1 Introduction

IBD is a chronic intestinal inflammation whose etiology and pathogenesis are not yet fully
known. On the whole, Crohn's disease (CD) and ulcerative colitis (UC), are polygenic and multifactorial
diseases. In general, it has been suggested that several environmental, microbial, immunologic, genetic
and lifestyle factors play a role in their initiation. In studies from the 1980s to present, Clostridium
difficile (CD) has been implicated to be a risk factor for relapses of the inflammatory process in up to
5% of patients with IBD. Several studies in the last 10 years have reported higher rates of CD
colonization (CDC) and CDI in patients with IBD. However, CD toxin has been detected in patients
with inflammatory bowel disease, especially with symptomatic relapses. In some episodes, no prior
antibiotic administration was recorded, and symptoms responded to vancomycin. Previously, some
“relapses” have been produced for “disease activity” of the underlying inflammatory bowel disease.
Some physicians thought that some medical treatments (e.g. sulfasalazine) could alter the intestinal flora
and promote CD colonization. Others theorized that altered immune status, possibly related to
therapeutic agents, or nutritional status could be important. Thus, IBD patients are considered a risk
group for CDI but the risk of infection cannot be fully explained by the well-known risk factors, in the
general population and it makes the question whether abnormalities in mucosal immune response in

IBD could play a role in CDL.

In the late 1970s, the investigation of stools samples for the presence of Clostridium difficile
toxins in relapses of IBD was not recommended. In 2002, in the Digestive Disease Week meeting in the
USA, the presence of C. difficile and its toxins were described for the first time in a significant number
of patients with inflammatory bowel disease (IBD). The significance of this association was still not
known, but it said that accurate tests could help ensure that these patients received the appropriate
treatment. In these last years, the latest European, American and Spanish guidelines recommend
investigating CD in IBD relapses.(1) So, what has changed? Is necessary the routine investigation in

all IBD patients with a relapse or only in some specific situations?

In this chapter, our goal is to provide an overview of current knowledge on Clostridium difficile
and the relationship between Clostridium difficile and inflammatory bowel disease. Our purpose is to
understand the role that CD plays in relapses in IBD patients. We focus on the relevant information

useful to follow our line of argument in the elaboration and interpretation of the results of our study.
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First of all, we are going to explain how we did the research for the information to elaborate the
theoretical framework. Secondly, this review is going to summarize the most important aspects of CDI

and its relationship with IBD and finally, we are going to review how we can diagnose and treat CDI.

Update methodology

We searched on the PubMed in English language, medical literature from 2000 to September

2015 using the terms (search terms) (search strategy):

¢ Clostridium difficile AND outbreak’ * Clostridium difficile AND inflammatory bakisehse.'
¢ Clostridium difficile AND inflammatory bowel dease AND risk factors.'

¢ Clostridium difficile AND inflammatory bowel disease ANDreatment.'

¢ Clostridium difficile AND inflammatory bowel disease ANIdutcome.'

All randomized and non-randomized trials, cross-sectional, cohort and case-controlled studies
published in English were included. The resulting literature (abstract and most relevant full texts) was
reviewed. Furthermore, meta-analysis and the updated guidelines for treatment and diagnosis of

Clostridium difficile infection were evaluated.

2.2 What is Clostridium difficile?

The human intestine contains trillions of bacteria, the major phyla of which include
Bacteroidetes, Firmicutes, Actinobacteria, and Proteobacteria. Clostridium difficile (CD) is a gram-
positive, anaerobic, the rod-shaped bacillus that produces spores and spreads via faecal-oral route. It is
in the bowel of 4-13% of asymptomatic people. (2) The organism was first identified by Hall and
O’ Tooleni 1935 in the stools of newborns and referred to as Bacillus Difficilis due to the difficulty in

isolation and study. The organism was renamed Clostridium difficile.

CD is a pathogen of both, humans and domestic animals. (3) Clostridium difficile-associated
disease is of real importance in humans and has been a not-uncommon cause of enteric disease in horses,
dogs, and pigs (4). Given the widespread occurrence of the disease, there is a substantial effort to develop
immunoprophylactic products (5). CD is an emerging pathogen in animals, suggesting that food could
be involved in the transmission of CD from animals to humans. (6, 7) Recently, Mooyottu et al. (8)
detected a genotypically similar and identical CD strains implicated in human infections from food
animals (ground beef, pork, and chicken) indicating the potential role of food as a source of community-

associated CD.
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Also, Kotila et al.(9) demonstrated for the first time the contamination of a tap water distribution
system and water transmission of CD and Steyer et al.(10) described the occurrence of Clostridium
difficile in the effluent of a wastewater treatment plant (WWTP) during a 1-year period. Pathogens
detected in WWTP effluent reflected the epidemiological situation of enteric viruses and bacterias in
the human population and the importance of the treatment of these pathogens before release into the

surface water system.

It has been demonstrated that environmental surfaces in the rooms of patients with CDI can be
contaminated with spores. However, we have less information about the contamination of environmental
surfaces outside of CDI isolation rooms. Dumford et al. (11) performed a study to investigate the
presence of C difficile in rooms of patients not in isolation for CDI, in physicians and nurses work areas,
and on portable equipment. They found that environmental contamination was common in non-isolation
rooms, in physician and nurse work areas and on portable equipment. We do not the real value of this

contamination, related to CD transmission.

The horizontal transmission of CD in the hospital environment is difficult to demonstrate.
Current methods to detect C. difficile spores on surfaces are not quantitative and have low sensitivity.
Ali etal. (12) proposed a new rapid method to detect and quantify C. difficile contamination on surfaces:
sponge swabbing. They found that this technique could be used for routine cleaning surface and as a

tool to investigate routes of patient-patient transmission in the clinical environment.

Xu et al. (13) study the sanitary status and incidence of methicillin-resistant Staphylococcus
aureus and Clostridium difficile within Canadian hotel rooms. The authors' study demonstrated that
hotel rooms represent a potential source of community-acquired infections and the need for enhanced

sanitation practices.

In another study, a hospital outbreak of CDI was linked to a laundry machine malfunction so
CD spores could survive on surfaces for prolonged periods of time. These spores can contaminated the
hospital environment by spreading through health care workers and suboptimal environmental cleaning

practices. (14)

CDI is a recognized cause of infectious hospital-acquired diarrhoea in the developed world.
Moreover, it is the main cause of antibiotic-associated disease, a disease of high importance socio-
economic. However, there is an increasing recognition of CD in children, healthy adults and pregnant
women. CD was reported for first time in 1978, as the major cause of antibiotic-associated
pseudomembranous colitis. (15) Over the last 15 years, there has had a marked increase in the incidence
of CDI, leading to increase a research interest at the discovery of new virulence factors and in the
development of new treatment and prevention regimens. The new strain of C. Difficile, characterized as

toxigenic type III, CRP ribotype 027 (C. difficile 027), presents higher pathogenicity because of
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increased exotoxin production, and its antibiotic resistance profile. It has been involved in recent hospital
outbreaks and community-acquired infections. Since 2003, several European countries and Canada have
notified cases of C. difficile 027-associated disease. This fact demonstrates its rapid dissemination and

generate concern among health and no health professionals.

After 1977, several studies discovered two potent toxins produced by CD and rather than the
organism, were responsible for significant and sometimes severe inflammatory changes in the colon.
Only toxigenic strains with a pathogenicity locus (PaLoc) cause disease: enterotoxin A (TcdA) and
cytotoxin B (TcdB). (16) In addition to the two toxins (TcdA and TcdB), some strains of Clostridium
difficile also produce an actin-specific ADP-ribosyltransferase, called binary toxin (CDT) (4%). (17)
Enterotoxins A and cytotoxin B play a major role in its pathogenesis, and the detection of these toxins
in gut content has been the gold standard for diagnosis for many years. However, CRP ribotype 017,
one of five clonal lineages of human-virulent C. difficile, lacks TcdA expression but causes widespread
disease. (18-20) In general, the factors that mediate the disease include the dose and toxigenic of the
colonizing strain, its ability to adhere to the colonic epithelium (infects the internal lining of the colon),
the presence of others organisms that affect its multiplication and toxin production and the susceptibility
of the host. This produces a disruption of the tight junctions, inflammation and damage to the intestinal

mucosa, with the characteristic “volcanic eruption” observed in pseudomembranous colitis.

Hypervirulent strains, such as ribotype 027, has been described worldwide. It expresses the
binary toxin, which damages human cells by inhibiting actin polymerization (21) and encodes a TcdC
mutation that results in a truncated, inactive TcdC protein. This results in unsuppressed and unregulated
toxin production, and levels of toxins A and B are 16 and 23 times higher in patients with this strain
(hyperproduction of toxins A and B). (22) The dissemination of this strain in North America and Europe
could change the epidemiology of C difficile-associated disease. (23) In 2003, in Quebec (Canada), a
strain of CD resistant to fluoroquinolones, with the binary toxin and an incomplete deletion of the tcdC
gene caused an outbreak. (24) McEllistrem et al. (25) found that the severity of CDI was not associated
with a particular clone or underlying disease, but it could associate with the presence of the binary toxin

genes. In this study, the binary toxin genes were detected in approximately 5% of CD strains.

2.3 Relationship between Clostridium difficile and inflammatory bowel disease

Inflammatory bowel disease (IBD) is a chronic, immune-mediated disease of the gastrointestinal
tract that develops in genetically susceptible individuals. However, in the pathogenesis of IBD, the
alteration in the intestinal microflora may disrupt its homeostasis. Dysbiosis in IBD predisposes to
colonization with C. difficile. There is a higher proportion of asymptomatic carriers in IBD than in the

general population. (26) In the past, it was not thought that CDI in IBD patients was relevant. In fact,
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Rolny et al. in 1983 did not recommend to investigate CDI in IBD patients with a relapse. The frequency
of CDI in IBD patients has doubled or tripled since 2001. We do not know whether CD is a cause of
IBD or a consequence of the inflammatory state in the intestinal environment and disruption of the

normal microbiota.

Although it had not been possible to demonstrate that Clostridium difficile played an etiologic
role in the IBD pathogenesis, it was demonstrated it played a role in relapses. (27) CD can promote
relapsing of CU by activating the immune response. CD toxins may mediate mucosal inflammation,
together with cell wall components of the microorganism. Innate and adaptive host responses to CD
toxins and the role of mucosal changes in IBD may increase the inflammatory response in the presence
of CDIL Thus, the restoration of intestinal flora and colonization resistance is thought to be the
mechanism responsible for the treatment of recurrent CDI (28) and on the other hand, infliximab

treatment can be useful and protective due to this activation of the immune response. (29)

IBD is one of the strongest comorbidities associated with the possibility of CDI. (30) Patients
with IBD have a higher incidence of CD in comparison with the general population. (31, 32) CDI is
important in the clinical initiation of IBD. The prevalence of CDI in newly diagnosed IBD patients is
high (8.1-10%) and is independent of the type of disease. The risk of CDI in new onset paediatric IBD
was associated with an increase in the age of the patient and the severity of the disease (33, 34) but the
specific risk factors reported in adults were not identified in children, suggesting the possible

involvement of other mechanisms for acquiring the pathogen. (35)

However, questions about the role of infections in the development and exacerbations of
inflammatory bowel disease remain unanswered. Last years have increased the research of the role of
intestinal microflora in the pathogenesis of IBD. (18) Gut microbiota plays a role in the initiation of CDI
in IBD patients by producing superinfection but also as causative agent. (36) The normal gut flora acts
as a colonization barrier that protects against CD and this function may be compromised when gut flora
is disturbed. The risk of CDI affects the colon, increases with use of cephalosporin and the presence of
gastrointestinal feeding devices. These are important risk factors for community-associated CDI in
children. (37) Hourigan et al. (38) studied the changes in the microbiota in children with IBD and CDI
compared with children with CDI without IBD. They found that children with IBD presented more
alterations of their microbiota compared with non-IBD children. Moreover, after CDI treatment with
faecal transplantation (FMT) in children without IBD the microbiota restoration was complete and in
those with IBD, bacterial diversity returned to pre-FMT baseline by 6 months, suggesting IBD host-

related mechanisms modify faecal microbiome diversity.
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2.4 Contrasting Clostridium difficile infection in IBD patients and general population

2.4.1 Overview

Over the past two decades, there has had an increase worldwide in incidence and severity of
CDI in the general population and paralleling in IBD. The emergence of a hypervirulent strain in the
early 2000s associated with an increase in the number and severity of CDI episodes in the US, Canada,
and other countries has changed the management of CDI. The appearance of the NAP1/BI/O27 strain
in the early to mid-2000s has been associated with more severe forms of CDI. Outbreaks have not been

described in IBD patients until now.

2.4.2 Clinical presentation

CDI is a cause of antibiotic-associated diarrhoea. The prevalence of CDI in IBD patients has
increased over last decades. CDI incidence in IBD has increased and it is higher than in non-IBD
population. The increase in the number of cases may reflect an increase in the rising incidence of CDI
in general or increasing the virulence of the organism as we have just commented previously.
Clostridium difficile (CD), specifically its toxins, have been implicated as a risk factor for exacerbation

of the inflammatory process in up to 5% of patients with ulcerative colitis or Crohn'’s disease. (39)

Clinically, CDI may range from an asymptomatic carrier state to serious life-threatening colitis.
The symptoms may develop within 48 to 72 hours after infection or may be delayed for 2 to 3 months,
usually after the administration of antibiotics (in some cases, only a single antibiotic tablet may lead to
severe disease). Clinical symptoms of CDI and an exacerbation of inflammatory bowel disease are
clinically indistinguishable.(40) Therefore, an early suspicion is essential to start antibiotic treatment

with/without corticosteroids.(41)

On the other hand, endoscopy rarely shows pseudomembranes and it is useless for diagnosing
CDI in IBD.(42) Pseudomembranes and fibrinopurulent eruptions are not seen endoscopically or
histologically.(43, 44). Ben-Horin et al. (45) evaluated the rate of pseudomembranes in IBD patients,
identifying predictive factors for pseudomembranes' presence and assessing its clinical impact. This
study documented that hospitalized IBD patients with CDI had low rates of endoscopic
pseudomembranes, which were not produced by the use of immunosuppressant drugs. IBD patients with
CDI and pseudomembranes presented more commonly fever, but their clinical outcome was similar to

patients without pseudomembranes.
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2.4.3 Risk factors

IBD patients

The traditional risk factors for CDI, in the general population include: hospitalizations, antibiotic
use, older age and severe comorbidities. Moreover, infection with ribotype 027 predicts severe CDI and
higher mortality and the use of antibiotics is a modifiable risk factor for severe CDI.(46) Contrasting,
IBD patients have different characteristics: younger age, community acquisition, lack of antibiotic
exposure, colonic IBD, and corticosteroids use. CDI can occur in the small bowel, in UC patients with

an ileal pouch-anal anastomosis after a colectomy.(40)

Most studies have demonstrated that patients with inflammatory bowel disease (IBD) have a
higher incidence of CD compared with the general population.(31) IBD and UC, in particular (colonic
involvement), are the comorbidities most strongly associated with the possibility of CDIL.(30, 47) In
contrast, a study in German in 2011 found that a low percentage of hospitalized patients with relapses
had CDI (48) and another performed in 2013 by Penders et al. (49) found that CD was not a common

trigger for exacerbations of IBD in clinical in the Netherlands.

Most of IBD patients appear to contract CD as outpatients. CDI confirmed within 48 hours of
admission, suggesting a community acquisition.(39, 42, 43) However, it can occur in hospitalized adults
and children: among children, the rate of CDI was over 12 times higher in IBD than non-IBD
hospitalizations and, among adults the rate of CDI was four times higher in IBD than non-IBD
hospitalizations. In adults, CDI was significantly higher in ulcerative colitis (UC) than Crohn's disease
but in children there was no differences between UC and CD (50). The incidence of CDI is 1.8-5.7% in
hospitalized patients with ulcerative colitis (UC) (29). Sandberg et al.(51) found CDI-related
hospitalizations were associated with longer lengths of stay than hospitalizations without CDI in

children and young adults with IBD in the United States.

Colonization of the small bowel occurs more frequently in IBD patients with ileal-anal pouch
anastomosis after colectomy. Small-bowel bacterial flora, such as the neoterminal ileum, is colonized
by colonic type bacterial flora, which may make it susceptible to overgrowth with C. difficile,
particularly with concomitant antibiotic treatment. Chronic or refractory pouchitis and cuffs can appear
due to CD colonization. Surgeries involving only the left side of the colon with preservation of the
ileocecal valve do not increase the risk of CDI of the small bowel. Other risk factors for CDI in IBD
patients are: malnutrition, anaemia, HIV infection, dementia, immunosuppressed treatment, antibiotic

exposure and proton pump inhibitors.(30, 43, 52)
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Children with IBD, similar to adults, have an increased risk of acquiring a Clostridium difficile
infection. CDI represents a significant healthcare burden in hospitalized children with IBD. (53-55).
Paediatric patients with CD tend to have active colonic disease and a more severe disease course. (55,
56) Rate of recurrent CDI in children was 22%, independent of the type of IBD, and was significantly
associated with: malignancy, recent surgery, and the number of antibiotic exposures. Wultanska et al.
(57) and Bossuyt et al. (58) did not find significant correlation between CDI and IBD therapy. Other

authors found immunosuppressant treatment as risk factors. (42, 59)

The latest risk factors:

In 2012, Shakir et al.(60) studied serum antibodies against C. difficile toxins for the first time.
They were detected in susceptible populations and could be protective. However, these antibodies had
not been studied in IBD patients. This study measured immunoglobulin G antibody levels to CD toxin
B in serum from IBD patients in remission and IBD patients in relapse. IBD patients demonstrated
significantly higher antibody levels than non-IBD patients. Also, more proportion of IBD patients in
remission had positive antibody levels compared with IBD patients in relapse. The authors concluded
that the characterization of antibody responses could improve our understanding of susceptibility to CDI

among IBD patients.

Connelly et al.(61) identified a single-nucleotide polymorphisms (SNPs) associated with CDI
among IBD patients. The interleukin-4 gene-associated SNP rs2243250 was strongly associated with
CDI in IBD population. Thus, SNP could allow for the identification of IBD patients at greater risk for
CDL

Ananthakrishnan et al.(62) found that the therapeutic supplementation of vitamin D could be
useful to prevent CDI. Plasma calcifediol [25(OH)D] stimulates the production of cathelicidins.
Cathelicidins are anti-microbial peptides that attenuate colitis and inhibit the effect of clostridial toxins.
The authors found that a higher plasma calcifediol [25(OH)D] was associated with reduced risk of CDI
in patients with IBD.
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Non-IBD patients

Most well-known risk factors for CDI in the general population are: antibiotic use (19, 37, 63-
74), older age (>65) (19, 65, 73, 75-77), immunosuppressant treatment (19), immunocompromised
patients (66, 78, 79), proton pump inhibitors (73, 80, 81), intensive care unit (75, 82), mechanical
ventilation, prolonged hospital stay (65, 83), chemotherapy (79, 84), solid organ transplant (85),
malignancies (79, 82), surgeries (antibiotic prophylaxis) (81), dialysis (86, 87), gastrointestinal surgery,
nasogastric tube placement (19), contact with infected patients (88, 89), nutritional status (70, 76),
diabetes (73, 90) In HIV infection, low gammaglobulin levels and low albumin levels at admission are
associated with an increased risk of developing CDI. A deficiency in humoral immunity appears to play
a major role in the development of CDI. (91) A traditional risk factor for CDI include hospitalization

but a study performed in Brazil found 81% of CDI community acquired. (92)

Other risk factors described more recently are:

C. difficile is an important cause of healthcare-associated diarrhoea among paediatric patients.
It was found that more than three-quarters of cases (75%) of CD were contracted in the community, not
in the hospital. The incidence of CDI in children was 12 times higher between 2004 and 2009, compared
with the period between 1991 and 1997 (32.6 cases per 100,000 vs. 2.6). (93) Fiedoruk et al. (94)
determined CD were the main causative agent of community-acquired acute diarrhoea in children

(14.8% of children aged >1 year).

Peripartum women appear to be another population susceptible to CDI. The use of a

combination of antibiotics remained a significant independent risk factor. (95)

Van der Wilden et al.(96) found a significant inverse association between 25(OH) D3 levels and
CDI severity in hospitalised adults. Further studies are needed to demonstrate whether vitamin D

supplementation can improve outcomes in patients with CDI.

Perioperative antibacterial prophylaxis: 1.5% of patients who received perioperative
antibacterial prophylaxis developed CDI. The independent risk factors associated with CDI were: older
age, administration of Cefoxitin alone or in combination with another antibiotic and years of surgery.

97).

Clayton et al.(98) studied outbreak CD in a residential home in the UK. They found CDI affected
residents had received a mean of 2.7 antibiotic courses in the two months preceding diagnosis. However,
the investigation of the facility discovered problems with hand hygiene and environmental cleaning.

The authors concluded that we need a health- and social-care systems working together to assure the
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safety of people in their care. Zarowitz et al. (89) studied the incidence of CDI in nursing home residents
and concluded that was high because of: decreased the immune response, multiple comorbidities,

treatments, increased risk of infection, the proximity of residents, and recent hospitalization.

Patients with toxigenic CD colonization are at risk of developing CDI. Rates of asymptomatic
CD colonization on hospital admission range between (1.4-21%). There are three main risk factors for
C. difficile colonization: recent hospitalization within 3 months, chronic dialysis and corticosteroid use.
(99) Lin et al.(100) found that risk factors for the development of CDI among hospitalized patients were:
diabetes mellitus and recent piperacillin-tazobactam or PPIs treatments. Kong et al.(101) evaluated host
and bacterial factors associated with colonization on admission. The hospitalization within the last 12
months, use of corticosteroids, prior CD infection, and the presence of antibody against toxin B were

associated with colonization on admission.

Vitamin D [25(OH) D] has immune modulatory effects and plays a role in intestinal immunity.
Low serum 25(OH) D < 15 ng/mL was associated with increased risk of CDI. This suggests vitamin D
may have a role in determining susceptibility to CDI in outpatients.(102) Another study in adult patients
to investigate whether pre-admission 25-hydroxyvitamin D (25(0OH) D) levels are associated with the
risk of hospital-acquired CDI, found vitamin D status before hospital admission was inversely associated
with the developing CDI. These data support the need for randomized, controlled trials to test the role
of vitamin D supplementation to prevent CDI.(103)

2.4.4 How does CD influence in the IBD outcome?

Although a considerable number of studies support a substantial increase in incidence, severity,
and health care costs for Clostridium difficile infection (CDI) in inflammatory bowel disease (IBD),
only a few have evaluated its impact on IBD outcome. Most studies showed that IBD patients with CDI
present higher proportion of worse outcome than those without CDI. These patients had a longer length
of hospital stay, higher rates of colectomies, and increased mortality. Patients with ulcerative colitis

were more susceptible to CDI and had more severe outcome than those with Crohn's disease. (39, 40,

42,43, 104-106)

Ananthakrishnan et al. (107) found that had an increase nationwide in CDI complicating IBD
hospitalizations between 1998 and 2007. During 2004-2005, more than half of the infected IBD patients
required hospitalization, and 20% required colectomy.(43) From 2005 to 2010, CD colitis had doubled
in North America with an increase in the morbidity and mortality in IBD patients.(108)

CDI in patients with IBD associated with higher rate of recurrence (34%) and with higher

morbidity than in the general population. Patients with IBD required more hospitalization (57%) and

38



escalation of therapy (67%) (immunomodulators/biologic treatments) following CDI, suggesting that
CD increased severity of IBD.(31) Kaneko et al.(47) did not find association with any demographic
factor or colectomy rate. However, CDI eradication therapy allowed some refractory patients to

withdraw from steroids.

Several reported cases with infliximab therapy have provided favourable outcomes in UC
patients with CDI, suggesting that infliximab treatment may be protective; however, the optimal

infliximab treatment regimen for UC patients with CDI remains to be established.(29)

Most studies have focused on demonstrating that CDI is associated with adverse outcomes in
IBD patients. However, few studies have attempted to identify predictors of severe outcomes associated
with CDI in IBD patients: serum albumin <3 g/dL, haemoglobin < 9 g/dL and serum creatinine >1.5
mg/dL were independent predictors of severe outcomes in hospitalised IBD patients with CDI.(109)
Often, there is no evidence of colonic changes with CD infection, including pseudomembranous
exudate. However, a severe clinical course may occur, including toxic colitis and toxic megacolon.
Hypervirulent CD strains have been reported raising concern for a more severe disease in IBD patients.
Furthermore, small bowel involvement or CD enteritis has been increasingly described, usually in those
patients with colectomy or total proctocolectomy for severe and extensive IBD. Furthermore, refractory

or treatment-resistant pouchitis may occur with CDL(18)

In a study from 2000 to 2008 most patients had a successful outcome and only one patient with
UC needed a semi-urgent colectomy. The use of immunosuppressive drugs in IBD did not seem have a
negative influence in the outcome but CDI appeared to be associated with escalation of medical therapy
in the year following to the infection. (58) Moreover, CDI and severe disease on endoscopy seemed to

be associated with an increased risk of subsequent colectomy on long-term follow-up.(110)

There is an apparently adverse outcome associated with the use of combined antibiotics and
immunosuppressant treatment, particularly corticosteroids compared with antibiotics alone. Ben-Horin
et al. (111) in a retrospective cohort study from European centres found 12% of patients with antibiotic
treatment and immunomodulators presented: death or colectomy within 3 months of admission or in
hospital, systemic complications, megacolon and bowel perforation compared with none of 51 given
antibiotics alone. The treatment with one or more immunomodulators increased the risk of having an

adverse outcome independent of disease severity at presentation (OR 17; 95% CI 3.2-91).

CDI has associated with worse outcome among hospitalized children, including increased risk
of death. Vendetti et al. (112) identified risk factors for all-cause in-hospital mortality among children

with CDI. Select chronic conditions and more severe diseases increased possibility of death.
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In conclusion: CD can imitate an IBD relapse. Thus, it is essential that physicians are vigilant
(58) Early suspicion is the best strategy to prevent complications related to CDI. In a recent study,
Axelrad et al. (113) studied the use of nursing admission workflow to increase the rate of CDI diagnosis
for inpatients with IBD with a relapse. There was a significant increase in the diagnosis and patients

who received a test were more likely to have CDI, shorter hospital stays, and fewer readmissions.

2.4.5 May recurrent CDI be a severe problem as in no-IBD population?

Patients with IBD are at increased risk of developing C. difficile infection, have worse outcomes
of CDI-including higher rates of colectomy and death, and experience higher rates of recurrence. In fact,
clinical practice based on European, American, and Spanish guidelines recommend in all relapses,
investigate in stools samples the presence of CD toxins in IBD out and inpatients but do not incorporate
a section on this aspect. It would be important; we had a protocol with the best treatment strategies in
this situation. We are going to review the novel and innovative treatment strategies to reduce treatment

costs and prevent recurrence of CDL

Despite effective antibiotic treatments, recurrent infections are common. Recurrence or relapse
is not commonly due to development of antibiotic resistance of the CD, but it is considered to be due to
a defective host immune response, persistence of spores in the gastrointestinal lumen after
discontinuation of antibiotics, failure to re-establish intestinal flora or to re-infection by a new strain of

CD. (114)

Humoral immune response as a predictor of recurrence in Clostridium difficile infection. Low
serum concentrations of antibodies directed against the toxins TcdA and TcdB have been associated
with a higher risk of recurrence of CD after successful antibiotic treatment. However, there are
conflicting reports. Bauer et al.(115) compared serum levels of antibodies of patients with a single
episode with those of patients who suffered a recurrence. They found that: older age, comorbidity,
immunocompromised state and low serum levels of anti-TcdA and anti-TcdB antibodies were associated
with recurrence. However, serum levels of antibodies directed against cell surface antigens were not.
Serum TcdB-neutralizing capacity, which correlated only weakly with serum IgG anti-TcdB, was not
significantly associated with recurrence. In another study, found that CD recurrence was characterized
by pro-inflammatory peripheral blood mononuclear cell (PBMC) phenotype. Used flow cytometry to
define inflammatory (Thl and Thl7) and regulatory [Foxp3(+) T-regulatory (Treg)] cells present in
circulating peripheral blood mononuclear cells (PBMC) from CDI patients.(116) A better understanding
of intestinal microbiota and its role in CDI has opened the door to this promising therapeutic approach
such as FMT that thought to resolve dysbiosis by restoring gut microbiota diversity thereby breaking
the cycle of recurrent CDL.(117)
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The recurrence of CDI, in general, the population can be a severe problem because about 25%
of those suffering from CDI have a recurrence after the first course of treatment. For those patients with
a recurrent episode of infection, there is a 40% chance of experiencing another recurrence and for those
who have had more than 2 episodes there is a 60% chance of a further episode.(118) Global spread of
the 027 (BI/NAP1/027) ribotype. C. difficile cases attributed to ribotype 027 strains had high recurrence
rates (up to 36 %) and increased disease severity. Moreover, CDI recurrence was associated with
excessive costs, which were mostly attributable to a significantly longer overall length of stay.(119)
Prognostically unfavourable signs of complicated CDI with ileus, toxic megacolon, perforation, or
sepsis (less than 5% of cases) include the absence of colonic peristalsis, sudden-onset constipation,
extreme leucocytosis, and high fever. Mortality resulting from CDI depends on the severity of
symptoms, underlying diseases, and age. It ranges from 3% to 14%. Relapses occur in approximately
20% of cases following completion of initial treatment, typically within the first 2 to 6 weeks in patients

with risk factors. The 30-day attributable mortality rate was 6.9 percent.(24)

What about IBD patients? CDI in IBD patients resulted in 34% recurrence, required more
hospitalization and escalation of therapy, suggesting that CD resulted in increased severity of IBD
disease.(31) Moreover, as in the general population, the recurrence of CDI after successful initial
treatment can be a significant problem. On average, an initial recurrence can be expected in 20-30% of
cases and after another relapse may occur in up to 65% of patients. Risk factors associated with
recurrence include older age (greater than 65), longer hospital stays (greater than 16 d), the presence of
comorbidities and another course of antibiotics. Therefore, the severity of recurrent episodes of CDI

cannot be underestimated.

The new epidemic strain (027) has been associated with a higher rate of recurrence about 47%
due to a low Ig G against toxin A due to having an inadequate antibody response. Pepin et al.(120)
reviewed the outcomes of a first recurrence of CDI with the epidemic strain during the Quebec outbreak
in 2005 and found 11% of these patients had at least one severe complication such as shock, colectomy,
megacolon, perforation or death within 30 days. Complicated recurrence CDI was strongly associated
with three factors: older age (>65), elevated white blood cell count (> 20.000) and renal failure. The
long-term negative impact of CDI was also investigated by Musheret al.(121) finding 22% of patients
developed recurrent diarrhoeal disease more than 90 days after the initial episode and completed the
treatment, 83% of whom were toxin positive. Recently, Deshpande et al.(122) have published a
systematic review and meta-analysis to evaluate current evidence on the risk factors for recurrence CDI
(rCDI). Approximately, 20-30% of patients with primary Clostridium difficile infection (CDI) develop
recurrent CDI within 2 weeks of completion of therapy. The mechanism of recurrence remains unknown,
but a variety of risk factors has been studied. Abou et al.(123) studied risk factors for recurrence,

complications and mortality in Clostridium difficile infection: a systematic review. Laboratory
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parameters currently used in European and American guidelines to define patients at risk of a
complicated CDI are adequate. Strategies for the management of CDI should be tailored according to
the age of the patient, biological markers of severity, and underlying co-morbidities. 68 studies were
included: 24 assessed risk factors for recurrence, 18 for complicated CDI, 8 for treatment failure, and
30 for mortality. Older age, use of antibiotics after diagnosis, use of proton pump inhibitors, and strain
type were the most frequent risk factors for recurrence. Older age, leucocytosis, renal failure and co-
morbidities were frequent risk factors for complicated CDI. When considered alone, mortality was
associated with age, co-morbidities, hypo-albumin, leucocytosis, acute renal failure, and infection with

ribotype 027.

About 12% of hospitalized children with CDI had recurrent disease. The independent risk
factors associated with recurrent disease were: concomitant antibiotics and community-associated. The
authors recommended that antibiotics should be discontinued whenever possible in case of CDI in this
patients (124). Recurrent CDI in children was 22%, and it was significantly associated with recent
surgery, malignancy, and the number of antibiotic exposures. (56) In another study in children in and
out-patient, risk factors for recurrent Clostridium difficile infection were malignancy and tracheostomy

tube dependence (125).

Hikone et al. (82) found that intensive care unit hospitalization and malignancy were risk factors
for recurrent CDI. They recommended that these patients should be carefully monitored for recurrence

and provided with appropriate antimicrobial stewardship.

A Spanish study in an ICU found that less than 1% of the patients admitted to a clinical-surgical
ICU developed CDI, but a high risk of recurrence/complications was associated with prolonged ICU
stay. There is a lack of studies on the incidence of CDI in European ICU outside the context of outbreaks.

(126)

Recurrence of CDI among veterans with spinal cord injury and disorder. Concomitant
fluoroquinolone use was a risk factor. In contrast, tetracycline and cerebrovascular accident were
protective. The length of stay greater than 90 days from the initial CDI episode was also a risk factor for
recurrence. CDL(127)

Hu et al.(128) aimed to develop a prediction rule for recurrent CDI to identify high-risk patients.
The clinical prediction rule included: age>65 years, severe or fulminant illness (by the Horn index), and
antibiotics use. A second rule combined data on serum concentrations of immunoglobulin G (IgG)
against toxin A with the clinical predictors. The study validated a clinical prediction rule for recurrent

CDlI that is simple, reliable, and accurate and can be used..
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Prevention of recurrent CDI is a therapeutic challenge, but the treatment of CDI can be hard.
Vancomycin and metronidazole have been used in the treatment of CDI. However, it remains unclear
why patients are at risk of treatment failure and recurrence. Antibiotics and PPIs should be discontinued
during CDI treatment to increase therapeutic efficacy, and the use of anticancer treatment and
corticosteroids should be delayed as long as possible after patients are cured to prevent recurrence (129).
The hypervirulent strain of CD has higher rates of recurrence, increasing severity and mortality. Faecal
microbiota transplantation (FMT) could be an alternative treatment for recurrent CDI in IBD patients

too.

2.5 How can we diagnose CDI in IBD patients?

2.5.1 Laboratory test

The best laboratory diagnostic approach to detect CDI is not clear. The diagnosis of CDI requires
the detection of toxigenic CD or its toxins and a clinical assessment (130). Detection of toxin in the stool
may be a better predictor of CDI disease and severity.(131) Shimizu et al. (76) found that in the cases
of CDI were detected by the initial screening test were more severe than those where the toxins were
not detected at the initial screening but were identified by the culture. Until now, the diagnosis has been
typically established by testing toxins A/B in stool by enzyme immunoassay (EIA) in a patient with
diarrhoea. The EIA for toxin A/B is used by most clinical laboratories because it is fast, convenient and
inexpensive. However, this strategy is unsatisfactory because of its low sensitivity resulting in
significant false negatives. Due to concerns about the poor sensitivity of toxin ELISAs, which can range
from 50-95%, physicians commonly repeat testing in patients with persistent diarrhoea if prior stool
specimens tested negative. However, toxin ELISAs are not 100% specific, and false positive results can
occur. The false positive rate can increase, with a resulting drop in the positive predictive value, when
testing is in populations with a low prevalence of CDI or if the specificity of the assay decreases. (132,
133) Recently, Song et al.(134) have developed ultrasensitive digital enzyme-linked immunosorbent
assays (ELISAs) for toxins A and B using single-molecule array technology. This method can provide
a rapid and simple tool for the diagnosis of CDI with both high analytical sensitivity and high clinical
specificity.

Deshpande et al.(135) studied whether repeat stool testing improved the diagnosis of CDI in
hospitalized IBD patients compared with hospitalized patients without IBD The first stool sample tested
was positive in 81% of patients. Successive second and third stool samples were positive 14%, and 5%.

Thus, there were minimal diagnostic gains of repeat testing by EIA or CRP in patients without IBD.
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Nowadays EIA for toxin A and B is not recommended due to its low sensitivity, and it has led
to a search for more accurate test methods (136). Goldenberg et al. (137) investigated the performance
of a two-step algorithm for diagnosis of CDI using detection of glutamate dehydrogenase (GDH). GDH-
positive samples were tested for C. difficile toxin B gene (tcdB) by polymerase chain reaction (CRP).
Screening for GDH before confirmation of positives by CRP is cheaper than screening all specimens by
CRP and is an effective method for routine use. The detection of GDH in the stool is fast (15-45 min),
convenient, inexpensive, and sensitive. GDH is a common antigen expressed at high levels by all CD
strains. However, the test only documents the presence of CD, but not the presence of a toxigenic strain
(20% of CD strains do not produce toxin) or the presence of toxin in stool. Moreover, GDH (+) stool
requires confirmation of toxin production with a second test. (137) Therefore, a two-step method is
recommended as the most appropriate approach. (76) Moreover, it permitted the resolution of most cases
on the day of arrival, reducing the number of unnecessary or missing isolations. (138) Shimizu et al.
(76) found the cases of CDI in which the toxins were detected by the initial screening test were more
severe than those where the toxins were not but were identified by the toxigenic culture. Also, the most

significant factors affecting the severity score were an older age and a lower serum albumin level.

Stahlmann et al. (22) found that the multiplex CRP was faster and more sensitive compared with
culture and allowed identification of hypervirulent strains on the same day. Krutova et al. (139)
recommended when GDH positivity and A/B toxin negativity that if no confirmation test were available,
the result should be considered as epidemiologically and clinically significant, if other causes of

diarrhoea are ruled out

In last years, a high sensitive polymerase chain reaction (CRP) test for the toxin B gene of CD
(detects low copy numbers of a toxin gene in CD) is increasingly used to diagnose. Nevertheless,
positive CD CRP results occur with similar frequency in IBD patients with and without active disease.
Therefore, a positive result may reflect colonization in a subset of patients with IBD, confounding
clinical decision making in the managing of disease exacerbations. (140) CRP based assays and
combination Elisa algorithms have improved the sensitivity and specificity of testing, to detect CD
colonization. At present, polymerase chain reaction (CRP) has increasingly replaced toxin A & B
enzyme immunoassay (EIA) for testing of CDI. CRP may increase CDI incidence rates by greater than
50%. Some authors had noted an increase from 6.5% positive samples before the use of CRP to 15%.
Also, the CRP cannot be used for suspected relapse as up to 56% of patients will be positive by CRP at
1-4 week after completion of therapy. However, despite its high sensitivity and specificity, the positive
predictive value may be only 63%. Leibowits et al. (141) found C. difficile CRP assays are frequently
positive in hospitalized children both with and without diarrhoea. They observed a high level of
toxigenic C. difficile colonization in children, suggesting that a positive C. difficile CRP result in a child

with diarrhoea should be interpreted with caution. Akbari et al. (142) in a recent study, found the number

44



of'tests performed decreased and proportion of positive increased since CRP introduction. CDI incidence
remained constant. Only found that albumin and inflammatory bowel disease status differed between
the EIA and CRP. The length of stay was shorter in the CRP group. Thus, an earlier detection and
quicker onset of therapy determined a less severe disease. Mortality did not change since CRP

introduction.

The underdiagnosis of CDI is a severe problem in Europe. It was performed a study to measure
the underdiagnosis of CDI across Europe (EUCLID). (143) It was the largest scale study in Europe. This
European, multi-centre, prospective bi-annual point prevalence study of Clostridium difficile Infection
in Hospitalized patients with diarrhoea (EUCLID) will allow professionals to measure the true rate of
CDI accurately. Aims were to investigate how common CDI was among hospitalized patients with
diarrhoea in 20 countries and 500 hospitals all over Europe. It should give an accurate vision of the
under-diagnosis and under-testing in Europe. Only two-fifths of hospitals used an optimum methods for
testing of CDI defined by European guidelines. The absence of clinical suspicion and suboptimum
laboratory diagnostic methods means that an estimated 40.000 inpatients with CDI are potentially
undiagnosed every year in 482 European hospitals. A previous study carried out in Spain in 2008
revealed that almost two-thirds of cases of CDI were misdiagnosed or not picked up at all, indicating

very low clinical awareness of CDI within the hospitals.

For performance a diagnostic test, so it is important a high level of suspicion. Krishnarao et al.
(144) found that a low testing rate made difficult a diagnosis although CDI prevalence was high,
producing a delay in the CDI diagnosis. They found in their study that the testing for CDI was
significantly lower than expected at diagnosis of IBD in spite of the prevalence of CDI among tested

patients was 5%.

Recently, Gonzalez-Abad et al. (145) studied the simultaneous detection of GDH and toxin A/B
combined with CRP recovered undiagnosed cases of CDI. At the end of their study, they proposed an
algorithm that could have a better cost-benefit ratio: a two-step algorithm: detection of GDH and CRP
(in samples GDH positive).

What about repeat testing for CDI?

The 2013 ACG guidelines make a recommendation that repeat testing not is performed.
However, recently, Aldrete et al.(72) recommended that repeat testing for CD CRP should take into
consideration patients who may be at high risk for short-term acquisition. Repeat testing resulted in 4.5
% to 9.3 % extra positives without significant difference. Repeat sampling and multimodality testing
may be chosen in an outbreak situation to detect all cases, effectively controlling nosocomial
spread.(146)
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Living et al.(132) studied the utility of repeat testing if the first one was negative. They
concluded that specificity was as important as sensitivity when testing for CDI. Repeat testing for C.
difficile should be performed with caution. They concluded that repeat testing should not be routinely
performed because the decrease in positive predictive value that occurs decreases the usefulness of a
positive result, and may result in harm to the patient. Thus, it is not recommended the practice of repeat
testing unless there is a high index of suspicion and the results could alter patient management. They
suggested that positive tests on repeat testing are false ones. They do not recommend repeat testing for

C. difficile because of false positive tests may result in a negative impact on the patient.

General recommendations from American clinical update in 2014 (147)

The concern with EIA for toxin A/B, CRP and GDH as diagnostic tests have done an diagnostic
approach similar to HIV and syphilis testing. The two-step method is recommended as the most

appropriate approach.(76)

An American clinical updates in 2014 (147) recommended “multistep diagnostic procedures,
combining a sensitive screening test with a confirmation test for the toxigenic infection.” Only
symptomatic patients should be tested. Repeat stool samples are not usually required. Cultures are not

adequate to acute diagnosis.(147)

They proposed the following diagnosis approach: “(1) if CDI is suspected on clinical grounds,
perform C. difficile testing according to your hospital laboratory protocol. (2) if the test is positive,
continue or initiate treatment, if not started empirically; and (3) if the test is negative, make a clinical
decision on whether to treat based on the likelihood of CDI (recent exposure to antibiotics or prior CDI,
elevated white blood count or elevated creatinine or decreased albumin, age or other risk factors). If
CDil is still suspected after a negative test, empiric treatment is reasonable. Repeat testing yields minimal
additional true positives and increases cost”. The ACG Guidelines make a recommendation that “Repeat

testing should be discouraged.”

1t has investigated new diagnostics approach

Bomers et al. (148) in 2014 performed a very interesting study where they assessed the
diagnostic accuracy of a trained detection dog for detecting CDI cases on Dutch university hospital
wards in an outbreak setting. The dog's response was compared to the clinical diagnosis, supported by
laboratory results. A trained detection dog can accurately detect CDI in hospitalized patients during an

outbreak. Moreover, another study was performed again by Bomers et al. (149) who studied an accurate,
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fast, and on-site detection of C. difficile (FAIMS). It is a portable mass spectrometry instrument that
quickly analyzes the chemical composition of gaseous mixtures. It can differentiate between C. difficile-

positive and -negative samples with high diagnostic accuracy.

2.5.2 Biological parameters

Laboratory parameters used in European and American guidelines are useful to define patients
at risk of a complicated CDI. Strategies for the management of CDI should be done according to the age
of the patients, biological markers of severity, and underlying co-morbidities. Leucocytosis,
hypoalbuminemia, and elevation of baseline serum creatinine are highly suggestive of CDI. The elevated
white blood cell (WBC) count is common (50%-60%), as well as increased band forms (47%) and may
be marked elevated. The elevation of WBC may precede the onset of diarrhoea or abdominal discomfort
and may be responsible for up to 58% of cases of unexplained leucocytosis in hospitalized patients. In
a series of a patients with leucocytosis who were C. difficile toxin negative, empiric treatment for CDI
led to resolution of leucocytosis. Furthermore, CDI can result in a protein-losing enteropathy with
resultant hypoalbuminemia. Serum albumin of < 2.5 or a fall in albumin of > 1.1 have been associated

with a poor prognosis (123)

2.5.3 Faecal markers

Toxins A and B produce a damage to intestinal mucosa and an inflammatory response
secondary. This inflammatory response plays a role in how quick the disease progresses to colitis.
Moreover, this inflammatory response influences to develop pseudomembranous colitis, which is life

threatening if left untreated. This results justify the study of faecal markers.

One of them is faecal lactoferrin (typically used as an indicator of inflammatory bowel disease
activity tests). Levels of faecal lactoferrin, which is released from the secondary granules of faecal
leucocytes, and other inflammatory markers rise significantly in patients with severe CD disease
compared with levels in patients with a milder case of the disease. However, this inflammation marker
lack sensitivity and specificity and add little to the diagnostic evaluation. (150) These tests express the
degree of intestinal inflammation and provide valuable information about the necessity of starting early
with the antibiotic treatment. The presence of faecal leucocytes in patients with hospital-acquired

diarrhoea is associated with CD. (74)

Nowadays, there are not studies with faecal calprotectin. The measure of faecal calprotectin can

add information related to the severity of the CDI, in the follow-up to evaluate the response to the
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treatment with the monitorization of its levels and recurrence, but it is not useful for doing the diagnosis

due to nonspecific as faecal lactoferrin.

2.6 Is the treatment the same as general population?

2.6.1 Overview

Management of CDI in IBD patients with a relapse has not been optimised. We do not have
specific guidelines for management of this infection in IBD patients until now. It is contradictory that,
all IBD workgroups recommend the investigation of CD in stools sample in all resistant relapses to
conventional treatment in outpatient and all inpatients, but there are not specific recommendations for
the treatment CDI in these patients specifically. The elaboration of a specific therapeutic guideline in

IBD would be important to improve the treatment of this infection in Spain and Europe.

For that reason, we have to follow the indications of Microbiology General Guidelines for CDI
treatment, in general, population. In 2009, the first European Society of Clinical Microbiology and
Infection (ESCMID) treatment guidance document for CDI was published and has been applied widely
in clinical practice. (151) Latest ESCMID Guidelines have been published in 2014. (152) In particular,
after the recent development of fidaxomicin, new alternative drugs for the treatment of CDI in the USA
and Europe, there has had an increasing need for an update on the comparative effectiveness of the
currently available antibiotic agents in the treatment of CDI, thereby providing evidence-based
recommendations on this issue. The recommendations to improve clinical guidance in the treatment of
CDI, are specified for various patient groups such as non-severe disease, severe CDI, first recurrence or
risk for recurrent disease, multiple recurrences and treatment of CDI when oral administration is not
possible. The options include: antibiotics, probiotics, and faecal or bacterial intestinal transplantation.
The antibiotics recommended: metronidazole, vancomycin, and fidaxomicin. Faecal transplantation is
recommended for multiple recurrences. We are going to revise the most important therapeutic
recommendations. (See Appendices: Tables 1-10 with the most important recommendations related to

treatment CDI)

There is not agreement among gastroenterologists on whether combination antibiotics and
corticosteroids or antibiotics alone should be given to IBD patients with CDI-associated relapses.
Treatment modalities for CDI have not been examined in randomised clinical trials in the IBD
population. Newer antibiotics, immunotherapy, and faecal microbiota transplantation may alter current
treatment strategies. (40) It would be important we had specific protocols for the best treatment strategies
in IBD patients specifically. Thus, controlled trials are needed to investigate the optimal management

approach to this clinical dilemma. (153)
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Prophylactics and hygienic measures are the same as in the general population: hand washing

and cleaner hospital environments, reduce the risk of acquiring and spreading this preventable infection.

In the review of this issue, we are going to start showing the limitation of the evidence about the
specific treatment for CDI in IBD patients, trying to show a perspective on what could be future

researches. We are going to show several gaps:

- There are no controlled therapeutic trials of CDI in IBD and we need prospective multicentre ones
to improve our understanding of the impact of CDI on IBD patients and define appropriate

therapeutic regimens to improve patient outcome.

- In IBD patients, vancomycin appears to be more efficacious than metronidazole. Randomised

controlled trials are required to define clearly the appropriate management for CDI in this patients.

- IBD with CDI is frequently treated with a combination of antibiotics and immunomodulators.
However, this combination tends to associate with a worse outcome than antibiotic therapy alone.
Prospective controlled trials are needed to optimise the management of these patients. Could we
control relapses only with antibiotic treatment? One of the main points of treatments in IBD is to

save corticosteroids.

- Clinical studies are required to evaluate efficacy of vancomycin vs fidaxomicin.

- Does CDI get worse with immunomodulators and biological treatments? Is CDI a cause or an effect

of immunosuppressant and biological treatments?

Metronidazole/Vancomycin

Despite numerous treatment trials for CDI, dating back to 1978, the drug of choice for CDI
remains controversial. In fact, Pepin et al. (154ic) said that “there are few common infectious diseases
in developed countries for which the treatments used in 2006 are essentially the same as those
recommended one-quarter of a century ago”. However, in my opinion, the things are changing now. A
clear example is the recent creation of the first faecal bank in the USA to treat recurrent and refractories

CDL

In general, metronidazole and vancomycin are most used drugs used to treat CDI. A few changes
have occurred in the treatment of CDI over the last 30 years. Fortunately, some recent studies have not

revealed resistance to the main antibiotics for its treatment. Patients with mild or moderate diarrhoea are
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treated with metronidazole 500 mg TID for 10 to 14 days. Patients with complicated CDI are treated
with vancomycin 125 to 250 mg QID for 10-14 days. Moreover, switching to vancomycin in patients
who do not improve within 72 hours of initiation of treatment with metronidazole could be appropriate.
Adjunctive therapy can be done with vancomycin enema 500 mg in 100 ml saline and intravenous

metronidazole. Surgery with total colectomy is indicated in severe colitis with systemic symptoms.

An additional challenge facing CDI treatment in IBD patients: the decreased efficacy of
metronidazole and the need for oral vancomycin in hospitalized patients. As a general population,
vancomycin and metronidazole appear to have similar efficacy in mild or moderate episodes but
vancomycin is preferred for severe disease. Furthermore, early surgical consultation is recommended in

patients with severe disease for improving outcome. (109)

Metronidazole does not seem to have much resistances. In a recent study, performed from
nosocomial and community-acquired CDI between 2008 and 2010 all strains studied were susceptible
to metronidazole. When they comparing their results with others earlier findings from 2006 to 2007,
metronidazole susceptibility did not show changes (155). Again, in 2008 it was spoken about
metronidazole resistant o failure, Hu et al. (156) attempt to identify risk factors for metronidazole failure.
They did not find differences in metronidazole failure rates in 1998 and 2004 to 2006 but the patients
with recent cephalosporin use, CDI on admission, and transfer from another hospital were more likely

to metronidazole failure.

Vancomycin

Therapeutically, oral vancomycin has emerged as superior treatment for IBD patients with
severe disease, including those who require hospitalisation and metronidazole for mild or moderate
infection. Patients with UC and non-severe CDI have fewer readmissions and shorter lengths of stay
when treated with a vancomycin compared with those treated with metronidazole alone. Patients with
ulcerative colitis and CDI should be treated with vancomycin (157). In general, for CDI treatment in
IBD patients, vancomycin appears to be more efficacious than metronidazole. Randomised controlled

trials are required to define clearly the appropriate management for CDI in patients with IBD.

Unfortunately, vancomycin capsules are very expensive. Most hospitals using the generic
intravenous formulation and compounding it in water as a liquid vancomycin solution. Thus, 500 mg of
vancomycin powder are reconstituted in 20 cc of water (often with flavouring to hide the bitter taste of
vancomycin). Stability of the vancomycin solution in the refrigerator (4 degrees C) is at least 75 days

and at least 26 days at room temperature (25 degrees C). (158)
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Immunosuppressant treatment

In IBD patients with CDI is controversial whether immunomodulators or corticosteroid therapy
for IBD should be continued in patients with CDI is controversial. Normally, if the patient was treated
with immunosuppressors or biologics we would not stop it. When CDI is treated in the patient was
treating with immunomodulators or biological treatments these do not remove. However, limited data
suggest that co-administration of immunomodulators (IM) with antibiotics (AB) result in a worse
outcome than antibiotic therapy alone but we do not have studies prospective that had studied this point.
Ben-Horin et al.(111) investigated the effects of combined therapy with antibiotics and
immunomodulators in patients with IBD and CDI and found that this combination produced a worse

outcome compared with antibiotic therapy alone.

Yanai et al.(153) investigated the prevalent practice among North American gastroenterologists
in treating relapses in IBD patients with CDI: antibiotics alone or combined
antibiotics/immunomodulators. The rate of administering combined antibiotics and immunosuppressant
treatments was similar for the IBD experts and the non-IBD experts. 11% of gastroenterologist withdrew
maintenance azathioprine upon the diagnosis of CDI. More IBD experts stopped azathioprine treatment
compared with the non-IBD experts. Overall, 65% of gastroenterologists said that they believe these
patients were affected by two simultaneous processes. There is not agreement among gastroenterologists
on whether the combination antibiotics and immunosuppressant treatment or antibiotics alone should be
given to IBD patients with CDI-associated relapses. Controlled trials are needed to investigate the
optimal management approach to this clinical situation. We need controlled trials to optimize the

management of these patients.

Biologic agents

The use of biologic agents does not seem to increase the risk of acquisition of CDI in IBD
patients, on the contrary, biologic treatment could be useful to treat these patients. Seicean et al. (29)
presented a case report of worsening UC in the presence of recurrent CDI, and infliximab therapy
provided favourable outcome, suggesting that infliximab treatment may be protective; however, the

infliximab treatment regimen for UC patients with CDI remains to be established.

2.6.2 Treatment decision based on stratification by disease severity
In the comparative studies with vancomycin and metronidazole did not stratify the patients by
severity of the disease. Recently, a scoring system has been developed in the treatment of CDI. This

score allows the physician to determine which patients are at highest risk for severe CDI. It was started
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by Pepin et al. (154) who developed local recommendations, because of the devastating epidemic in
Quebec caused by the new epidemic B1 strain. In January 2004, they developed local recommendations
for the use of oral vancomycin: a WBC greater than 20000 cells/mm3 and a serum creatinine greater
than or equal to 200 pmol/L. This recommendation was based upon a reduction of complicated CDI by
79% if vancomycin was the initial treatment compared to metronidazole (159). Zar et al. (160)
conducted the first randomized, double-blind, placebo-controlled trial comparing metronidazole and
vancomycin in the treatment of CDI that stratified patients based on the severity of the disease. The
authors concluded that metronidazole and vancomycin was equally effective for the treatment of mild

CDI; however, vancomycin was superior for treating patients with severe CDI.

Strategies for CDI management should be done according to the age of the patient, biological
markers of severity and underlying co-morbidities. (123). Severe CDI (152) was defined as an episode
with (one or more specific signs and symptoms of) severe colitis or a complicated course of disease,
with significant systemic effects and shock, resulting in ICU admission, colectomy or death. One or
more of the following unfavourable prognostic factors can be present without evidence of another cause:
marked leucocytosis (> 15 10°/ L), decreased blood albumin (< 3 gr/L) and rise in serum creatinine level

(>1.5 times the premorbid level)

Miller et al. (161) created the ATLAS score for CDI, which predicts the response to therapy.
They found that a combination of five clinical and laboratory variables (age, treatment with systemic
antibiotics, leucocytes count, albumin and serum creatinine as a measure of renal function) measured at
the time of CDI diagnosis were useful to predict treatment response. This scoring were able to predict

treatment response.

An early surgical consultation is key for improving outcome of patients with severe disease.
(109) Surgical intervention is rarely required but in patients with severe disease or clinical deterioration,
early total colectomy or loop ileostomy may be life-saving. The outlook for patients requiring surgery

remains poor. (162)

When oral treatment is no possible, parenteral metronidazole is recommended, preferably

combined with intracolonic or nasogastric administration of vancomycin. (152)

2.6.3 What is the best approach in the recurrences?
The recurrence of disease after therapy remains a problem. The treatment includes general
measures such as supportive care and infection control measures.(163) Another main goal of the

therapeutic approach is treatment and the prevention onset new infections and recurrences. It should use
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vancomycin earlier and start with new treatments such as faecal transplant in severe/recurrent episodes

(152) (see Appendices: Tables 6, 7 and §)

The initial response to metronidazole and vancomycin is approximately 60%, with subsequently
decreased response with subsequent relapses. Persistent alterations in the intestinal microbiota decrease
natural colonization barriers and increase the risk of relapse of CDI with the same, or different strain.
Several reports since 1958, amounting to over 325 cases, including one systematic review, have
described high cure rates of recurrent CDI with faecal transplantation performed via retention enema,
colonoscopy, or nasogastric tube. (164) Brand et al.(165) in a study in 2012 demonstrated that cure

rates were sustained over long-term follow-up of a mean of 17 months.

Patients must be treated with metronidazole or vancomycin. They usually respond to antibiotic
treatment, but the therapy affects to normal bacterial flora. Thus this treatment could predispose to
recurrent CDI. The colon damaged seems to be more susceptible to reinfection. Relapses occur

approximately in 20% of the patients. (136)

Most authors recommended, repeating the treatment with the antibiotic used in the first time,
usually metronidazole, but this is not recommended in the latest guidelines. (152, 166). For more than
one recurrence, it is recommended a combination of a prolonged taper of antibiotic with oral
vancomycin, followed by pulsed dosing. (152) The pulsed dosing of vancomycin allows time for
germination of residual spores during the days of antibiotics, vegetative form disappear when the
antibiotic is given again. It is recommended: vancomycin 250 mg every 2 or 3 days for 3 week. (167,
168)

2.6.4 Role of FMT in the treatment of recurrent and refractory CDI

Altered microbiota as a potential target for therapy is a growing focus on investigation because
of its potential to enhance the resistance to infection and to reduce inflammatory diseases. Most
extreme manipulation of the intestinal microbiota is related to faecal microbiota transplantation
(FMT) from healthy donors to individuals with specific diseases. Although the concept of faecal
transplantation has become more widely practiced in recent years, it has a long history. More
than 2000 years ago Ge Hong used FMT to treat food poisoning and severe diarrhoea. Fabricius
of Acquapendente in the 16" century described the transplantation of enteric bacteria. In recent time,
the first reports about the use of FMT in our traditional medicine was done by Eiseman who treated 4
cases of pseudomembranous colitis with faecal enema obtained from a healthy donor. (2) Since the first

reported use of FMT for recurrent CDI in 1958, systematic reviews of case series and case report have
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shown its effectiveness with high-resolution rates compared to standard antibiotic treatment. FMT is
administrated by naso-jejunal or colonoscopy for the treatment of recurrent CDI. Restoration of
intestinal flora and restoration of colonization resistance are the mechanism responsible for treating in

these recurrent episodes of CDI

Faecal microbiota transplantation (FMT) is considered a successful therapy for recurrent and
refractory Clostridium difficile infection (CDI) based on recent clinical trials. FMT restores essential
components of the microflora that could reverse the inflammatory processes observed in IBD so it may
be beneficial for the treatment of ulcerative colitis and Crohn's disease, particularly those with
concurrent CDI or with pouchitis (2, 26, 164). However, there are to perform more studies to evaluate

its useful in IBD patients. (169)

There are studies in children to treat recurrent Clostridium difficile infection via nasogastric
tube or colonoscopy without adverse events during short- or long-term follow-up, and all of the patients
had clinical improvement of gastrointestinal symptoms.(170) Hourigan et al. (38) studied CD
eradication and microbiome changes in children with and without IBD after treatment with TMT. The
authors concluded that FMT was effective for CDI in children with and without IBD. In those with IBD,
bacterial diversity returns to pre-FMT baseline 6 months after treatment, suggesting IBD host-related
mechanisms modify faecal microbiome diversity. The long-term consequences of FMT with regards to

infection, cancer, autoimmune and metabolic diseases, are not known.(26)

Recent research about commensal microbes and their impact on the host will lead to the
development of new probiotic agents.(171) The ultimate goal is the development of powerful probiotic
regimens that can replace FMT. Currently, FMT should only be given in a strict experimental setting

for other conditions than CDIL.(28)

Some questions remain unanswered: the optimal protocol for donor faeces administration (naso-
duodenal tube, enema or colonoscopy) is unknown. Furthermore, the efficacy of this modality in severe
CDI, as well as in special populations such as patients with inflammatory bowel disease, cirrhosis, and
immune compromised states. Further studies are required, however, to determine the optimal protocol
for donor faeces administration. (UEG: Vienna, October 2014) It is a safe and effective treatment for
recurrent CDI and is now recommended in European treatment guidelines. Healthy microbiota harvested
from a donated stool sample is transplanted into the intestine by colonoscopy or enema-where it helps
to restore the normal composition of the gut flora and overcome the harmful consequences of CDI.

It eradicates recurrent infection in around 90% of patients.
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2.6.5 What is coming up: future treatments

In a briefly way, we are going to revise some of most new treatments for CDI although is not
our main goal. In the treatment of this infection as important as treat the first episode is to avoid the
recurrences. Several novel therapies are currently under study: new antimicrobial agents have a good
activity against CD without altering normal gut flora, CD toxin-absorbing compounds, and antibodies
and vaccines against CD toxin (immunotherapy) and faecal microbiota transplantation may alter current

treatment strategies

Fidaxomicin

Patients responded to oral vancomycin or metronidazole; however, the rate of recurrences is
high. For that reason, it has investigated new therapies to treat this infection. Fidaxomicin, first-in-class
macrocyclic antibiotic has minimal intestinal absorption, high faecal concentration, and cause less
disruption of anaerobic microbiota during treatment of CDI than vancomycin and moreover, it has
activity against many vancomycin-resistant enterococci. (172) Recommended dose is 200 mg every 12

hours for 10 days. In Spain, we already have it but the main problem is its high cost.

In two double-blind, non-inferiority, randomised controlled trial, comparing the efficacy and
safety of fidaxomicin with vancomycin in the treatment of CDI. The authors demonstrated fewer
recurrences and higher rates of sustained clinical cures compared with the current gold standard,
vancomycin. Thus, fidaxomicin can be an alternative treatment for CDI, with similar efficacy and safety
to vancomycin. (173) This drug is an antibiotic therapy for CDI and must be considered as a first-line
agent for patients with risk factors known to have a relapse and severe infection. (174) A study in 2011
assessed the efficacy of fidaxomicin versus vancomycin as therapy for CDI in individuals was taking
concomitant antibiotics. (175) Due to low recurrence ratio and safety, it could be one of the first lines

of CDI treatment in patients with cancer. (176)

Recently, Chilton et al. (177) found that pulsed or tapered regimens of fidaxomicin had the same
efficacy of vancomycin but reduced the risk of recurrent CDI compared with vancomycin. Moreover,
pulsed or tapered regimens of fidaxomicin allowed greater bifidobacteria recovery than the extended
(20 days) regimen. Consequently, this may enhance suppression of C. difficile while allowing
microbiota recovery; clinical studies are required to ascertain the potential of this approach in reducing

recurrent CDL.(178)
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Probiotics

Probiotics are used by everybody, but we do not have solid scientific evidence. Could probiotics
have a protector role? Recently, Ramakrishnan et al.(179) performed a study in India where there is an
overuse of antibiotics to demonstrate an increase of CDI. However, they found that the incidence of CDI
in India (1.67%) was no different from reported in the USA (1.6%) using similar techniques of detection
(polymerase chain reaction test). They offer a possible explanation for this paradox. It is likely that a
diet rich in fibre, yogurt, and possibly turmeric may have a protective role in decreasing the incidence

of CDIs in India

Most gastrointestinal disease specialists recognize a role for probiotics and have used it as part
of their therapeutic options. Williams et al.(180) in 2010, demonstrated that all physicians believed
probiotics were safe for most patients, and 98% responded that probiotics had a role in treating
gastrointestinal illnesses or symptoms, and 93% of physicians had patients taking probiotics most often

for irritable bowel syndrome.

Differences of pathogen clearance and microbiome alteration during treatment of CDI appear to
explain treatment outcome. The hypothesis that probiotic microbes (Lactobacilli) could help to prevent
the CDl is supported by the observation of persistence of Lactobacilli during and after treatment of CDL
(181) In conclusion: the use of conventional probiotics remains controversial, and most studies are of

low quality. No overall recommendations can be provided by the moment.

Active and passive vaccination

There are good data from animal experiments. Current research on vaccination is at the stage of
phase III clinical trials. It has to investigate which population sample would be more effective to give

the vaccine. There are studies on going.

SMT19969

It is a new antimicrobial agent against 162 strains from 35 less frequently recovered intestinal
Clostridium species. Currently under development for the treatment of CD, it has been reported the
results from a phase I study (182) comparing in vitro activities of SMT19969 and its implications for
treating Clostridium difficile recurrence. SMT might have less impact on normal gut microbiota than

other CDI treatments. (183)
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LFF571

Novel thiopeptide antibacterial that shows in vitro potency against CD comparable or greater
than other clinically used antibiotics. It was compared the pharmacokinetics of LFF571 and vancomycin
in patients with moderate CDI as part of an early efficacy study, and the results seem consistent

demonstrating the retention of LFF571 in the lumen of the gastrointestinal tract. (184)

Amixicile

Another novel treatment that shows efficacy in the treatment of CDI and recurrences, but still
in a mouse models. It is a water-soluble derivative of nitazoxanide (NTZ), an antiparasitic therapeutic

that also shows efficacy against CDI in humans.

2.7 General recommendations for the prevention and control of CDI

In developed countries, Clostridium difficile is the most common cause of healthcare-acquired
infection. CDI is a frequent cause of morbidity and even death. It also produces huge economic costs,
because of infected patients with CDI stay in the hospital for some additional 1-3 weeks more than

normal. Regarding cost and productivity, C. difficile is a major burden on our health care system.
The key points for the prevention and control of CDI:

1-Control of risk factors. When we use antibiotics is important an appropriate antimicrobial stewardship.
If was possible, we would have to stop antibiotic treatment in patients with CDI. In most cases, we
cannot eliminate the antibiotic treatment so we should decrease the use of broad spectrum antibiotics
for narrower spectrum ones. (63, 65, 67, 69, 185) Another factor is malnutrition of patients which is a

predisposing factor in a long term care facility. (70)

2-Early diagnosis (high diagnostic suspicion). Axelrad et al.(113) studied the use of nursing admission
(protocol) workflow to increase the rate of CDI testing. The intervention increased CDI testing for IBD
inpatients with a relapse. We have to suspect in outpatient with a relapse-resistant to conventional
treatment or with a relapse and risk factors for the infection. Moreover, in all hospitalized due to a

relapse or worsen during the hospitalization.

3-Hygiene measures and prophylaxis CDI, to prevent spread by the medical staff to other patients and
contamination with spores the hospital environment and surfaces and to avoid horizontal transmission.

Patients usually acquire the organism from the hospital, no from their flora. Unfortunately, the spores
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are difficult to eliminate from hospital wards, and some hospitals have experienced CD outbreaks that
continued for years. Patient to patient spread may be a more important cause of increased CDI rates.
(69) Secondary transmission among the patients was facilitated by the close rooms, shared bathrooms
and living areas, and socialization with other patients. Moreover, it is possible to find environmental
contamination in non-isolation rooms, in physicians and nurses work areas, and on portable equipment.
Another research is needed to determine whether contamination in these areas could play a role in CD

transmission.(88)

On the contrary, Daneman et al. (186) found that selected hospital prevention strategies were
not associated with a statistically significant reduction in patients' risk of CDI. These strategies had

limited effectiveness or were ineffectively implemented at least, during that study period.

It is important to recognize that CD outbreaks can occur in residential homes. Health- and social-

care systems have to work closely together to assure the safety of people in their care.(98)

To sum up, most important methods of prevention are antibiotic stewardship, hand hygiene,
isolation, and barrier methods in the hospital and long-term care facilities settings. The isolation is
maintained up to 48 h after the enteric resolution. Patients in a separate ward, education of staff, and
intensified environmental cleaning. (65, 185) Another control measures such as communication,

education, reinforcement of infection control measures, optimization of diagnosis and treatment.(187)

Mayo Clinic researchers recommend practicing prevention, including:

- Wash hands with soap and water.

- Clean suspected contaminated surfaces with bleach-based solutions (1000 pm).
- Avoid contact with people with CDI.

- Take precautions if you are living with a person who has CDI or works in a healthcare setting

where might be exposed to patients with CDI.

Finally, we would like to highlight the importance of a continuous CDI surveillance in the
hospitals, especially when a risk group is exposed as IBD patients. An active surveillance and prevention

campaign such as “wash hand campaigns” are necessary for all hospitals.
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3. Chapter 2: Study

3.1 Aims

The purposes of this study are:

- Describe CDI episodes and IBD characteristic to find risk factors for CDI in IBD patients with a
relapse.

- Analyse the recurrence of CDI in IBD patients with a relapse

- Investigate the influence of CDI on IBD outcome and

- Establish a patient profile at risk for CDI in our area

3.2 Methodological section

Graphic design study
IBD patients (UC+CD) with a relapse
( Cases (CDI +) Controls (CDI -)
Recurrence
Risk factors
Outcome
Patients

We performed a retrospective case-control study in IBD with a relapse, including adult patients
(aged > 14 years). Study was set in the Departments of Digestive Disease and Microbiology of a single
tertiary teaching hospital in Las Palmas of Gran Canaria (Spain) during the period from June 2007 to

June 2015.
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Inclusion criteria: cases were defined as IBD patient with a relapse (diarrhoea with liquid
stools), with positive CD in stools samples. Controls were also IBD patients with a relapse but with

negative CD in stools samples.

Recurrence: a return of signs and symptoms of CDI after a period of wellness with a positive
stool test for CD in any evaluation period. Recurrence: When CDI re-occur <8 weeks after the onset of
a previous episode, with symptoms from the previous episode resolved after completion of initial
treatment. Re-infection: CDI re-occur >8 weeks after the onset of a previous episode with symptoms

from the previous episode resolved after completion of initial treatment.

Risk factors were considered: to take antibiotics and PPIs 3 months before episodes and

hospitalization 3 months before episodes.

Outcome was considered: therapeutic escalation and hospitalization 6 months after episodes and

surgery (colectomy) 1 year after episodes

Episode of CDI: a clinical picture compatible with CDI (diarrhoea: three or more loose stools
per day for two or more days) and microbiological evidence of free toxins and the presence of CD in

stools, without reasonable evidence of another cause of diarrhoea.

Severe CDI: Severe or life-threatening CDI is defined as an episode of CDI with (one or more
specific signs and symptoms of) severe colitis or a complicated course of disease, with significant
systemic toxin effects and shock, resulting in need for ICU admission, colectomy or death. One or more
of the following unfavourable prognostic factors can be present without evidence of another cause:
marked leucocytosis (> 15 10°/ L), decreased blood albumin (< 3 gr/L) and rise in serum creatinine level

(>1.5 times the premorbid level).

Severe IBD: mild, moderate or severe based on subjective physician global assessment. We
could not evaluate activity indexes because our study was retrospective one and we did not have all data

for calculating them.

An exclusion criteria for controls was CDI known previously.

Methods

Cases and controls were identified from electronic database of the Laboratory of Microbiology
of our hospital. Controls were randomized with simple random sampling performed with Excel 2010
and matched 1:1 for period of time with the cases. CDI was diagnosed by stool samples tested for CD
toxins A and B by an ELISA assay from 2007 to December, 2012 and by two steps test (GDH and toxins

A and B) and PCR from January, 2013.
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The following data were collected from patients’ medical records: epidemiological risk factors,
clinical data, IBD characteristics including location, therapy, 3 month prior surgeries, hospital
admissions and laboratory information (including faecal calprotectin). In addition, we studied the
recurrence and outcome: escalation therapeutic and hospitalizations 6 months after episodes, surgery

(colectomy) 1 year after episodes, complications and deaths

Analyse of data was performed with SPSS program: statistical comparisons were performed
with the Student's t (quantitative variables) and X2 tests (qualitative variables) and when it was
necessary Fisher and U-Man Witney's test (OR with 95% CI). Logistic regression analysis was

performed with variables that were significant in univariate analysis to identify risk factors for CDI
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4. Chapter 3: Results

From June 2007 to June 2015, we analysed 131 CDI episodes in IBD patients with a relapse
(case group) comparing with IBD patients with a relapse but without infection (control group).

Moreover, we studied the recurrent CDI episodes.

We are going to show you the results of our study with the following outline:

- Firstly, we would like to give you a general vision of the distribution of CDI (positive results); a
comparison of positive results in IBD patients with positive results in non-IBD patients in the same
period of time and the proportion between request samples within the total sample and final positive
results.

- Secondly, we are going to see how long it takes to diagnose these patients in our hospital.

- Thirdly, we are going to explain the results of case-control study including risk factors and outcome.

- And finally, we are going to comment our results in the study of recurrent episodes.

4.1 Distribution of CDI episodes

In our tertiary centre, we do not have found an increase in the number of CDI episodes in both,
non-IBD and IBD patients during the period of the study. Moreover, the number of positives CDI
episodes tends to maintain or decrease but in no case has increased last 8 years. We realized that

proportion of positive results was low compared with the number of request samples.
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4.1.1 Positive episodes distribution during the period of our study

Distribution of positive samples from June 2007 to June 2015. It can be seen as the number of
positives episodes have been decreasing during the period of the study. Thus, from January to June 2015,

we do not have had any case. (Figure 1)
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Figure 1. Distribution of positive samples from June 2007 to June 2015.
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4.1.2 Positive episodes distribution comparing with general population

Positive episodes distribution in IBD patients compared with positive episodes in non-IBD
population from June 2007 to June 2015. The distribution of CDI in general population has not been
increasing during the last 6 years, but at the same time it has been maintained in similar proportions in

contrast to IBD population. (Figure 2)
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Figure 2. Positive episodes distribution in IBD patients compared with positive episodes in non-IBD

population from June 2007 to June 2015.
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4.1.3 Total requested samples in IBD patients compared with positive final results

Total requested samples in IBD patients compared with positive final results. The number of
requested samples was higher than the number of positives results in a very striking way. We found a

low proportion of positive results compared with a large number of requests. (Figure 3)
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Figure 3: Total requested samples in IBD patients compared with positive final results.
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4.2 Time it took to diagnose our patients

The time it takes for the positive results to come out from Microbiology department was
4.22+6.281 days, the time it takes from positive result release to doctor’s appointment was 7.59+£6.223
days and time it takes from first doctor’s appointment to result delivery to the patient was 15.58+8.265

days.

In our department, CDI took an average of 14 days to diagnose, but the positive result was coming
out from the Microbiology Department in an average time of 2 days. Therefore, there is an untapped

space of about 10-12 days in which it would be possible to know the samples results. (Table 1)

Table 1: Days to diagnose CDI in outpatients.

Time it takes for the Time it takes from Time it takes from first

positive result to come out positive result release doctor’s appointment to

(Microbiology to doctor’s results delivery to
Department) appointment patient

Mean (days) 4.22+6.281 7.59+6.223 15.58+8.265

Median 2.00 7.00 14.00

Mode 2 7 14

Minimum- 1-53 0-30 4-42

maximum
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Figure 4: Days that it takes for results come out from the Microbiology Department.
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Figure 5: Distribution of days since the positive result was available until IBD patients visited the

doctor.
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Figure 6: Days since first doctor’s appointment until the patients go back again to know the results.
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4.3 Case-control study

From June 2007 to June 2015, we analysed 131 Clostridium difficile infection (CDI) episodes
in IBD patients with a relapse (case group) compared with IBD patient with a relapse but without CDI
(control group).

4.3.1 General characteristics of episodes

The results were the following in cases and controls respectively (see table below). We did not
find significant differences between both groups in mean age and gender. CDI episodes presented in
less than 10% in patients >65 years old. In Autumn-Winter occurred: 28% (37) and 18% (19) of
episodes. There was a smoking history: 20% (27) and 18% (19); in case group CD 67% (18) (OR 2.47;
CI 95% 1.63-3.74, p=0.00) and in control group CD 89% (17) (OR 1.60; CI 95% 1.26-2.04, p=0.00).
We did not have CDI episodes in patients with previous colectomy (neither in the control group).
Average ages were predominant in both groups at IBD diagnosis: <16: 6% (8) and 11% (12); 17-40:
71% (93) and 65% (70); >40: 23% (30) and 22% (24).

Table. General characteristics of episodes

Case Controls p value
Mean age 38.11+£14.759 38.46+15.547 NS
>65 10 (8%) 6 (6%) NS
Gender
Female 76 (56%) 57 (53%) NS
Male 55 (42%) 50 (47%)
Season
Autumn-Winter 37 (28%) 19 (18%) p=0.05
Spring-Summer 94 (72%) 88 (82%)
Smoking history 27 (20%) 19 (17.7%) NS
ucC 9 (33%) 2 (11%)
CD 18 (67%) p=0.00 17 (89%) p=0.00
Previous surgery 11 (8.3%) 17 (15.8%) NS
(colectomy)
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Age at IBD diagnosis NS

<16 8 (6%) 12 (11%)
17-40 93 (71%) 70 (65%)
>40 30 (23%) 24 (22%)

Distribution of IBD in case and control group was respectively: UC 65% (85) and 38% (41);
CD 35% (46) and 62% (66) (OR 1.64; C195% 1.27-2.11, p=0.00).

IBD: UC and CD

n=131

140

n=107

120
p=0.00
100
80
60

40

20

Case group Control group
mCD 46 66
mUC 85 41

Figure. IBD distribution (UC and CD)
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Ulcerative colitis with rectal location is more frequent in case group compared with controls
(OR 1.37; CI 95% 1.09-1.71, p=0.04). We did not find differences between both groups in location

(Proctitis+ left) compared with extensive.

Ulcerative colitis location
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mE2 42 21
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Figure. Ulcerative colitis location: E1: proctitis; E2: left; E3: extensive
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Ulcerative colitis location
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Figure. Ulcerative colitis location: Proctitis+ left and extensive.

Crohn’s disease location in case and control group respectively: colonic involvement (L2 and
L3) is more frequent in cases: L2 (colonic): 39% (18) and 30% (20); L3 (ileo-colonic): 28% (13) and
15% (10) (OR 1.69; CI 95% 1.03-2.76, p=0.02). However, ileal location (L1) is more frequent in
controls: 33% (15) and 53% (35) (OR 1.37; CI 95% 1.01-1.86, p=0.03). Perianal location is more
frequent in cases than controls: 20% (9) and 8% (5) (OR 1.72; C195% 1.07-2.74, p=0.05).

Crohn’s disease location
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Figure. Crohn’s disease location: L1 (ileal), L2 (colonic), L3 (ileo-colonic)
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Crohn’s disease location
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Figure. Crohn’s disease location: L.1+L4 and L2+L3 (colonic involvement).

Crohn’s disease, there were not differences between case and control group between non-
stricturing, non-penetrating (B1), stricturing (B2) and penetrating (B3) behaviors. However, non-
stricturing, non-penetrating behavior was more frequent in cases compared with estricturing (OR 2.18;

CI95% 1.11-4.30, p=0.00). We found more episodes with abscesses in cases than in controls (p=0.06).

IBD behavior

Plastron '

Abscess [ p=0.06

B3 [
B2

p=0.00
b e
0 10 20 30 40 50 60
B1 B2 B3 Abscess Plastron
m Case group 34 10 7 4 4
m Control group 52 19 6 1 3

Figure. IBD behavior
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Overall, we did not find differences in evolution time from IBD diagnosis until episodes.

However, we realized that the behavior in both groups was different. Thus, the probability of relapse

with/without infection along the time was different comparing cases-controls and UC-CD.

Cases Controls p value
Evolution time of IBD  4.41+4.702 4.01+4.347 NS
(years)
ucC 4.48+4.264 3.37+4-048
CDh 5.22+6.077 4.414+4.506

CDI was frequent during the first 3 -7 years after IBD diagnosis. A quarter of the episodes occurred in

the first year after IBD diagnosis (50% and 70% respectively). Thus, IBD patients with CDI had more

relapses the first 7 years after IBD diagnosis (with more concentration of cases in the first year). (See

pictures below)
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Figure. Distribution of episodes from IBD diagnosis to relapses (cases)
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Figure: Distribution of episodes from IBD diagnosis to relapses without CDI (controls)

UC episodes with CDI had more relapses the first 7 years and earlier compared with CD
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Figure. Cases (UC and CD)
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CD and UC episodes without CDI had more relapses the first year and after CD had more relapses
and the number of UC episodes stabilized.
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Figure. Controls (CD and UC)
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The behavior of UC and CD with and without CDI was different: CDI makes the behavior of
ulcerative colitis similar to the behavior of Crohn’s disease without CDI. Moreover, UC with CDI seems
to have a different behavior as compared with UC without infection. UC with the infection has more
probability of relapse and earlier than UC without infection, where the evolution only depends on its
natural evolution. In contrast, in CD with the infection the relapses were less frequent when compared
with CD without infection, in which the relapse depends on the natural evolution of the disease, without

an external element triggering the relapse. (See figures)

UC episodes with CDI (cases), had more probability of relapse the first 7 years, with a different behavior
compared with CD.
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UC with CDI had more likely to relapse compared with UC without infection.
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Figure. UC probability of relapse with/without infection from IBD diagnosis (years)

Relapse in CD episodes was earlier without infection (when the relapse was by IBD per se). When the

relapse was because of CDI the behavior was better (with an external cause).
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Figure. CD probability of relapse with/without infection

82



Samples were requested as outpatient in more than 70% of episodes in cases and controls: 78%
(103) and 75% (80) respectively. When we analyzed separately UC and CD in case and control group
we found in cases 69% (71) UC and in controls 54% (43) CD (p=0.01).

Outpatients
103 (79%)

120 NS
100
80
60
40
20

80 (75%)

p=0.01

Case group Control group
mCD 32 43
mUC 71 37

Episodes with hospitalizations in case and control group were similar: 22% (29) and 23% (25)
respectively. Hospitalization in controls was higher in CD 88% (22) compared with UC 12% (3) (OR
1.64; C195% 1.28-2.10, p=0.00) but in cases was similar. Thus, CDI. Average stay in cases and controls
were 12.03+9.697 and 14.22+13.497 respectively, without differences.
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Hospitalization
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Case group Control group
mCD 15 22
muUC 14 3

Episodes at IBD diagnosis and relapse with/without CDI occurred at the same time comparing
case and control group: 13% (17) and 7% (7) (p=0.1). 13% of cases had an IBD diagnosis and CDI at
the same time, without differences between UC and CD (see figure below). IBD diagnosis and relapse
with/without CDI at the same time and hospitalization in cases and controls were: 4% (5) and 6% (6)

respectively (see figure below)

IBD diagnosis at the same time
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Hospitalization when IBD diagnosis occurred at the

same time

7

6 NS
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Case group Control group

= CD 2 5
mUC 3 1

The severity of episodes in case group was more frequent mild-moderate: 32% were mild ones.
More than 50% had moderate severity, and only 5% of episodes were severe. There were not differences
between UC and CD. We did not find differences compared with the control group. When applied

criteria of severe CDI, we found most episodes were not severe ones.

Severity of episodes
% 63%

N

80

70

60

50 32%

40

30

20 5%

10

0 I
Mild Moderate Severe

mCD 13 31 2
mUC 29 52 4

Severity and hospitalization in case group: mild; 7% (2), moderate; 72% (21), severe; 21% (6)

but without differences with control group.
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Hospitalization and severity
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Comorbidity in episodes: CDI patients presented more comorbidity than control group: 38
(29%) and 17 (16%) (OR 1.36; CI 95% p=0.01). Numbers of comorbidities in cases and control: 0;
71% (93) and 84% (90), 1; 24% (31) and 34% (16), >1; 7 (5%) and 1 (0.9%) (p=0.03). There were no

differences between UC and CD in cases and controls. (See figure below).

In cases group: comorbidity and severity in cases group: mild 29% (12), moderate 31% (26),
severe 0% (0) (there is not comorbidity in severe episodes). Number of comorbidities and severity:
Icomorbitiy and mild episode 24% (10), moderate 25% (21) and severe 0% (0) and>1 comorbidity and
mild 5% (2), moderate 6% (5) severe 0% (0) (no differences with control group)
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Comorbidities
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We found a higher proportion of chronic obstructive pulmonary disease (COPD), heart disease

and diabetes in cases but without differences with controls.
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Hospitalization in patients with comorbidities had a tendency to be higher in case group but

without differences between both groups.

Hospitalization and comorbidity
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4.3.2 Laboratory parameters

We have not found statistic differences between cases and controls in inflammatory parameters
such as CRP, ESR, ferritin, platelets levels and faecal calprotectin. However, calprotectin levels have a
tendency to be higher in cases (p=0.06) (but we had a small samples sizes because we did not have
samples in all episodes). We have not found differences in albumin levels between cases and controls.
We have not found differences in haemoglobin, ferritin and Fe levels between cases and controls.
Creatinine levels were normal in both groups without differences. (Neither if we compare ulcerative

colitis and Crohn’s disease between them in both groups)

Cases Controls p value
Faecal calprotectin N=34 N=26 p=0.06
Mean 992.47 464.96
Standard deviation 1558.400 396.558
CRP N=83 N=75 NS
Mean 2.79 3.00
Standard deviation 4.77 5.09
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ESR N=86 N=73 NS
Mean 26.40 28.97

Standard deviation 20.63 31.40

Albumin N=53 N=37 NS
Mean 3.58 3.40

Standard deviation 0.66 0.76

Hemoglobin N=96 N=78 NS
Mean 12.58 12.53

Standard deviation 1.96685 1.99902

Ferritin N=67 N=67 NS
Mean 59.89 87.82

Standard deviation 105.63 146.94

Iron N=53 N=60 NS
Mean 52.54 54.50

Standard deviation 26.101 33.95

Platelets N=96 N=78 NS
Mean 350,750.92 333,243.58
Standard deviation 140,265.104 132,638.573
Leucocytes N=96 N=78

Mean 9,590.63 10,138.46 NS
Standard deviation 4,420.552 9,691.169

Results of bivariate correlations analysis in cases:

We did not find significant positive correlations with p<0.05. Significant positive correlations
were observed between (p<0.01):albumin and haemoglobin (r=0.6), ESR and CRP (r= 0.4), platelets
and CRP (r= 0.3), ESR and platelets (r=0.5). Significant negative correlations were observed between
(p<0.05): CRP and haemoglobin (r=-0.2), ESR and albumin (r= -0.2). Significant negative correlations
were observed between (p<0.01):ESR and haemoglobin, albumin and CRP (r=-0.4)
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Correlaciones

Calprotectina

Hemoglohina FPCR WSG Plaguetas Albumina fecal
Hemoglokina Correlacién de Pearson 1 -233 387 - 196 603 -,00g
Sig. (bilateral) 034 000 055 000 JHE4
gforgjcfssc:eagg?iiﬁs" 367 506 182,691 -1350,735 | -5148902,750 42,686 -578,531
Covarianza 3,268 2,228 158091 | -54198,976 821 -20,662
N o6 83 86 96 53 20
FCR Carrelacion de Pearson -,233‘ 1 ,443“ ,359“ 437" 036
Sig. (bilateral) 034 000 001 002 864
?fo"gjcf;;:eagg?ii?js" 182,691 1873073 3205054 | 20391814,48 76,678 48238,835
Covarianza .2.228 22,842 43356 | 248680664 1,667 201 618
N 83 83 77 83 47 25
VSG Correlacion de Pearson 387" 443 1 525 287 052
Sig. (bilateral) 000 000 000 043 800
ﬁlgorgﬁcﬁssc\ﬁ‘eag;?ii?:: -1350,735 3205 054 36202,558 | 1348748275 -205,002 37188538
Covarianza 15,891 43,356 425912 | 1586762677 -4186 1487542
N 86 77 86 86 50 26
Plaguetas Correlacion de Pearson - 1896 350 525 1 -,082 -129
Sig. (bilateral) 055 001 000 560 503
?forgjcf;;:eagg?ii?js" 5148602,750 | 2039181448 | 1348748275 1,860E+12 | -424441,508 | -G4D399445
Covarianza .54108.976 | 248680664 | 1586762677 1967E+10 | -B162,337 | -22871408.0
N o6 83 86 96 53 29
Albumina Carrelacion de Pearson 603 437" 287 -082 1 -187
Sig. (bilateral) 000 002 043 560 522
gforgjcfssc:eagg?iiﬁs" 42,686 76,678 205,092 | -424441 500 23,201 737,814
Covarianza 821 1,667 4,186 -8162,337 446 -66,755
N £ 47 50 53 53 14
Calprotectinafecal  Correlacidn de Pearsaon - 008 036 0582 -129 - 187 1
Sig. (bilateral) 964 264 200 503 522
?fo"gjcf;;:eagg?ii?js" -578,531 4838835 37188,538 | -G40309448 737,814 | 8014414647
Covarianza -20,662 201 618 1487542 | -22871408,9 -66,755 | 2428610490
N 29 25 26 29 14 34

* La correlacidn es significativa en el nivel 0,05 (2 colas).

** |acorrelacidn es significativa en el nivel 0,01 (2 colas).

Bivariate correlations in controls:

Significant positive correlations were observed between (p<0.05): plaquetas and CRP (r= 0.2),

calprotectin and albumin (= 0.6). Significant positive correlations were observed between
(p<0.01):albumin and haemoglobin (r=0.6), ESR and CRP (r= 0.3), platelets and ESR (= 0.4).
Significant negative correlations were not observed with p<<0.05. Significant negative correlations were
observed between (p<0.01): haemoglobin and CRP (r=-0.3), ESR and haemoglobin (r= -0.3), platelets
and haemoglobin (r= -0.4), albumin and ESR (r=-0.4)
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Correlaciones

Calprotectina

Hemoglohina PCR WSG Plaguetas Albumina fecal
Hemoaglobina Correlacién de Pearson 1 -308 2391 - 407 687 038
Sig. (bilateral) 007 001 000 000 861
gé?jg;;f:gg?;?:g 307,699 -231,016 -1805,006 | -B306181,815 42572 860,475
Covarianza 3,996 2122 25071 | -107872.491 1183 37,412
N 78 75 73 78 a7 2
PCR Correlacion de Pearson -308 1 395" 241 -300 -041
Sig. (bilateral) o7 001 037 075 852
e yorturar= ! -231,016 1824279 4513700 | 1054991934 52623 | 2424218
Covarianza 3122 26,005 B3,573 | 142566478 1522 110,192
N 75 75 72 75 36 23
V3G Correlacion de Pearsan EETT 398" 1 475" - 455 -113
Sig. (bilateral) 001 001 000 005 590
?é”gﬁgﬁ;ﬁ;ﬁgﬁgﬁ; -1805,096 4513,700 71027,561 | 1308365429 496,095 | -46650208
Covarianza -25.071 63,573 986,404 | 1817174,207 14174 -2028,270
N 73 72 73 73 36 24
Plafuetas Correlacion de Pearson - 407 2417 478" 1 -,286 -,357
Sig. (bilateral) 000 037 000 086 087
Elirgjc?fsc\fgg?ii?s; -BI06181,815 | 10540919,34 | 1308365429 1,355E+12 | -1107792,189 | -397166509
Covarianza 07872491 | 142566.478 | 1817174,207 1750E+10 | -30772,005 | 172681130
N 78 75 73 78 37 24
Albumina Correlacion de Pearson 637 -300 - 455" -, 286 1 657
Sig. (bilateral) 000 075 005 086 039
glirgjc?fsc\fgg?i?:sy 42573 53623 -496,095 | -1107792,189 20,890 1107580
Covarianza 1183 1532 14174 | -30772,005 580 123,064
N 37 36 36 37 a7 10
Calprotectina fecal  Correlacion de Pearson 038 - 041 -113 -, 357 ,65?‘ 1
Sig. (bilateral) 861 852 599 087 039
gé?jgf;f:;:g?f;?;; 860,475 2424215 | -46650,208 | -397166599 1107,580 | 3931448062
Covarianza 37,412 110,192 -2028,270 | -17268113,0 123064 | 157257958
N 24 23 24 24 10 26

** La correlacidn es significativa en el nivel 0,01 (2 colas).

* La correlacidn es significativa en el nivel 0,05 (2 colas).
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Faecal calprotectin

We have had an important limitation with the small sample size, moreover, we did not have

samples in some episodes. Nevertheless, there is a tendency a higher levels in CDI patients group

(cases). Calprotectin levels show a tendency to be higher (>500) in cases.

CDI episodes Controls p
N=34 N=26
Mean 992.47 464.96 NS
Standard deviation  1558.400 396.558

Faecal calprotectin levels

40 NS
35
30
9]
T 25
©
© 20
o
=R T
£
10
5
0
Case group Control group
= >500 18 9
W 200-500 7
H <200 9 10

Figure. Faecal calprotectin level in cases and controls
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Faecal calprotectin levels
25

Ulcerative colitis Crohn’s disease
20 NS NS
15
10
5
0
Case group Control group Case group Control group
= >500 11 2 7 7
1 200-500 3 0 4 7
<200 4 4 5 6

Figure. Faecal calprotectin levels in UC and CD patients in cases and controls

Faecal calprotectin levels in out and inpatients

35 :
Outpatients

30

20

15 Inpatients

10

NS
5 I B
Cases group Control group Cases group Control group

m>500 15 7 3 2
m 200-500 5 5 2 2
W <200 9 8 0 2

Figure. Faecal calprotectin levels in out and inpatients.
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We found a tendency to higher calprotectin levels and clinical severity in our samples: in mild
episodes the values had a tendency < 200, in moderate episodes, had a tendency >500 and in severe
episode we did not have samples to evaluate. The right determination of this parameter in our study had

two limitations: small sample size and severity definition.

Severity and calprotectine levels in CDI patients

25
NS
20
2
o 15
o)
©
i)
2 10
|_
5
|
0
Mild Moderate Severe
m >500 3 15 0
= 200-500 2 4 1
m <200 5 4 0

Figure. Severity and calprotectin levels

4.3.3 Treatments at the moment of episodes

The results were in cases and controls respectively: Oral mesalamine; 77% (101) and 63% (67)
(p=0.00); 73% (74) of episodes in cases were in UC (p=0.00) and 52% (35) of episodes in controls are
in UC too. Rectal mesalamine: 34% (29) and 39 (16); 93% (29) of episodes in cases were in UC (p=0.00)
and 88% (16) of episodes in controls are in UC too (p=0.00). We did not find differences in the use of
immunosuppressant treatment in cases and controls: 39% (51) and 50% (54) but controls were treated
more with azathioprine (OR 1.43 95% CI 1.09-1.88 p=0.01). Biological treatment: 8% (11) and 19%
(20) and apheresis treatment: 10% (13) and 5% (5) without differences between two groups.
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Treatments at the moment of episodes

120

p=0.00
100
80
NS
60
40 p=0.00 NS
NS
. L n L
0 Rectal |
Oral mesalamine ecta . minunosuppress Biologics Apheresis
mesalamine ors
M Cases 101 29 51 11 13
m Controls 67 16 54 20 5

Immunosuppressant treatment

20 p=0.01 43%
45
40 28%
35
30
25 NS
20 o0,
0
10 20
0 E
Azathioprine Mercaptopurine Methotrexate
m Cases 36 12 3
m Controls 46 8 2
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Biological treatment and apheresis

16

» NS 13% 10%

NS
12

10 NS 6%

6%
3% >%

Infliximab Adalimumab Apheresis
m Cases 4 8 13
E Controls 6 14 5

S NN B~ N

Combined treatment
80

70
60
50
40
30
20
10

0

53% NS

48%

11%

2
15
12

m Cases
E Controls

I\)OU)I

Figure. Combined treatment: 0, 1 (immunosuppressant or biological treatment or apheresis), 2
(immunosuppressant y/o biological treatment y/o apheresis), 3 (immunosuppressant, biological and

apheresis treatment)
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4.3.4 Risk factors

Antibiotics 3 months before comparing cases and controls: 16% (21) and 6% (6) (OR 1.49; CI
95% 1.17-1.89, p=0.01). In control group: UC y CD 0% y 100% respectively (p=0.04). PPIs 3 months
before: 63% (82) and 45% (48) (OR 1.39; CI 1.08-1.77, p=0.00). Hospitalization 3 months before: 7%
(9) and 9% (10). Surgery 3 months before: 3% (4) and 7% (8).

Risk factors 3 months before

90
80 p=0.00
70
60
50
40
p=0.01
30
NS
20 NS
. mBl =
Antibiotics PPIs Hospitalization Surgery
m Case group 21 82 9 4
® Control group 6 48 10 8

Figure. Distribution of main risk factors at the moment of IBD relapse with/without CDI (case and

control group).

We found in the group of hospitalized patients PPIs (OR 2.63; CI 95% 1.28-5.39, p=0.00) and
antibiotics 3 months before episodes (OR 1.66; CI 95% 1.06-2.58, p=0.05) were significantly more

frequent in CDI patients comparing cases and controls.
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Cases group
(UC and CD)

90
80
70
60
50
40

30

20
0

Antibiotics PPIs Hospitalization Surgery
mCD 10 30 5 3
muUC 11 52 4 1

Figure. Distribution of main risk factors in UC and CD in case group.

Control group

(UC and CD)

60

50

40

30

20

p=0.00
10
. - B
Antibiotics PPIs Hospitalization Surgery

mCD 6 30 8 7
mUC 0 18 2 1

Figure. Distribution of main risk factors in UC and CD in controls group.
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Age >65
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Figure. Age >65
Comorbidity
40
35
p=0.01
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25
20
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5
0
Case group Control group
mCD 17 9
mUC 21 8

Figure. Comorbidity comparing cases and controls
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Numbers of comorbidities
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)y = W

p=0.03

0 20 40 60 80 100
0 1 >1
m Controls 90 16
m Cases 93 31 7

Figure. Numbers of comorbidities
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4.3.5 Independent risk factors for CDI episodes

We performed the multivariate analysis with variables with statistical signification or p<(0.2 in

univariate analysis.

Variables en la ecuacion

1.C. 95% para EXP(B)

B ET. Wald gl Sig. Exp(B) Tnferior Superior
InfeyDx(1) 931 502 3,818 1 051 2,666 997 7,129
Antibprevi(l) 1,420 545 6,854 1 009 4178 1,436 12,158
Paso4® tipoenf(l) 1,155 305 14,300 1 000 3,173 1,744 35,772
Comorbilidad(1) 934 357 6857 1 009 2,544 1,265 5,118
Constante 3,471 ,796 19,023 1 000 031

a. Vanable(s) introducida(s) en el paso 4: InfeyDx

Risk profile of IBD patients with a relapse for CDI (independent risk factors in multivariate analysis):

Comorbidity.

Patients with ulcerative colitis.

IBD diagnosis and CDI at the same time.

Medical history of antibiotics 3 months before episodes.

(PPIs 3 months before episodes, were a risk factor in univariate analysis)
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4.3.6 Outcome

We did not find differences in the outcome between cases and controls: therapeutic escalation 6
months after episodes: 37% (48) and 35% (37); hospitalization 6 months after episodes: 12% (16) and
7% (7); surgery 1 year after episodes: 4% (5) and 3% (3); complications: 2% (2) and death 0.7% (1).
We had 2 episodes with complications and 1 death.

Outcome
60
37% NS
50 :
40
30
20 12%
10 7% 9
L % 3y 2% 0.7%
- | —
Therapeutic = Hospitalizatio Sureery 1 vear
escalation 6 n 6 months € artzc]er Y Complications Exitus
months after after
m Cases 48 16 5 2 1
u Controls 37 7 3 0 0
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Cases: UC and CD

NS

Hospitalization 6 Surgery 1 year after

months after

6 4
10

Controls: UC and CD

Hospitalization 6

months after Surgery 1 year after
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4.3.7 CDI treatments
We treated 97% of episodes (first and recurrent ones) with oral metronidazole as the first choice.
In general, we did not use oral vancomycin, and we used spiraxin in some first episode. We did not use

probiotics except in one recurrent episode, and we did not use spiraxin as coadjuvant treatment.

Global Ulcerative Crohn’s disease p
(n=131) colitis (n=46)
(n=85)
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First episode (n=107) 0
Recurrent episodes 1 (4%)
(n=24)

Corticosteroids were used in 71% (91) of episodes. Prednisone 76% (69) and beclomethasone
23% (21). Mean dose of prednisone: 43 mg (10-60) and beclomethasone: 9 mg (5-10). We did not find

differences with control group.

Table. Corticoids treatment in CDI episodes

Corticosteroids 91 (71%)
Prednisone 69 (76%)
Mean doses: 42.91+/-10.806 (10-60 mg)

Beclometasone 21 (23%)
Mean doses: 9.32+/-7.286

Budesonide 1 (1%)
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4.3.8 Analysis in the subgroup of patients with age > 65

We analyzed 10 episodes (8%) and 6 episodes (7%) in case and control group respectively. Less
than 10% of episodes occurred in patients with age >65 in both groups. We could not find differences
between cases and controls due to the small sample size. Even so, this subgroup of patients has a very

interesting behavior, different to the general population.

12

8%

10

NS

7%

Case group Control group
= CD 3 2
mUC 7 4

Figure. Patients with age>65

Mean age was more than 70 years old at the moment of episodes. No differences were found
regarding gender, seasonality and smoking history. Most of them did not have comorbidities, only 1 out
of 3 had more than one comorbidity in cases. The diagnosis was done as outpatients more than 70% in
both groups. There were no differences in the percentage of hospitalization and average stay in both

groups (See table below).
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Table. Episodes characteristics

Cases Controls p value
Episodes n=10 (8%) n=7 (7%) NS
Mean age 73.20 +/-6.426 74.17 +/-6.775 NS
Gender
Female 2 (20%) 4 (57%) p=0.05
Male 8 (80%) 2 (29%)
Autumn-Winter 1 (10%) 1 (14%) NS
Smoking history 2 (20%) 0 NS
Comorbidities 4 (40%) 5 (71%) NS
0 6 (60%) 2 (29%)
1 1 (10%) 4 (57%)
>1 3 (30%) 1 (14%)
Outpatient 8 (80%) 5(71%) NS
Hospitalization at the moment of 2 (20%) 2 (29 %) NS
episode
Mean stay (days) 6.00£1.414 9.00+6.245 NS

In our study, UC was more frequent in cases and controls. Mean age at IBD diagnosis was an

older age too and the time of IBD evolution until episodes were only 3-4 years (similar to episodes in

<65). Thus, episodes occurred more frequently during the first 3-4 years after IBD diagnosis.

IBD diagnosis and relapses occurred at the same time in 20% of episodes and half of them

needed hospitalization at that moment. In general, 20% of episodes needed hospitalization during

episodes and half were relapses at the time of IBD diagnosis.

First episodes were 70% (7) but recurrent episodes were 30% (3) (1 out of 3) and more than 1

recurrence in 67% (2) of episodes. We found 10 % of first, second and third recurrent episodes.
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Table. IBD characteristics

Cases Controls p value
Disease
UcC 7 (70%) 4 (57%) NS
EC 3 (30%) 2 (29%)
Mean age at IBD diagnosis 69.00+/-4.989 68.71+/-6.775 NS
Age at diagnosis of CDI
<16 0 0
17-40 0 0
>40 10 (100%) 7 (100%) NS
Time of IBD evolution (years) 3.70 +/-3.917 4.00 +/-4.775 NS
IBD diagnosis and relapse at the same time 2 (20%) 1 (14%) NS
Relapse at the moment of IBD diagnosis 1 (10%) 0 NS
and hospitalization
First episode CDI 7 (70%)
Recurrence episodes 3 (30%)

(>1 recurrencia

episodes 67%)
First recurrence (8 months) 1 (10%)
Second recurrence 1 (10%)
Third recurrence 1 (10%)

Proctitis (E1) was most frequent in UC episodes with CDI. Extensive localization was most

common in controls. Left localization was similar in both groups. Ileal localization was two times more

frequent in the control group, and the colonic involvement was two times more common in cases.

Stricturing behaviour was more predominant in controls (double) and non-stricturing non-penetrating

behaviour in both. There were not any episodes in penetrating behaviour, abscesses or plastron.

Therefore, in more than 65 years old patients there was a tendency to have less penetrating phenotype

and its complications. In patients with CD, colonic involvement was more frequent in CDI episodes and

ileum in the control group. The localization in small bowel only was presented in the control group.
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Most of the episodes were moderate, and we had not severe ones. Comorbidity was similar in

both groups, but the cases had a tendency for a higher number of comorbidities.

Table. IBD localization and severity

Cases Controls p value
Crohn’s disease
Localization NS
L1 1 (10%) 2 (29%)
L2 2 (20%) 0
L3 0 0
L4 0 1 (14%)
Perianal 0 0
Behavior
B1 3 (30%) 3 (43%) NS
B2 1 (10%) 2 (29%)
B3 0 0
Abscess 0 0
Plastron 0 0
Ulcerative colitis
S1 4 (40%) 0 NS
S2 3 (30%) 2 (29%) NS
S3 0 2 (29%) NS
Severity
Mild 4 (40%)
Moderate 6 (60%)
Severe 0
Surgery 0 1 NS

Regarding treatment at the moment of episodes: in cases 70% were treated with oral mesalamine

but only 40% were treated with rectal mesalamine. Cases were treated with immunosuppressant and

biological treatment in 40% (4) and 30% (3) respectively, compared with controls 14% (1) and 29% (2).

Immunosuppressant treatment was used in CDI patients four times more than in control group.

Biological treatment was utilised in the same proportion in both groups, 30% (3).
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A combination of immunosuppressant +/- biological treatment were not used in more than 50%
of patients in total; but 2 combined treatment was more frequent in cases, and 1 immunosuppressant or

biological treatment was more common in controls.

Table. IBD treatment

Cases Controls p value
Oral mesalamine oral 7 (70%) 4 (57%) NS
Rectal mesalamine 4 (40%)(60% no) 1 (14%) NS
Immunosuppressors 4 (40%) 1 (14%) NS
Azathioprine 0 1 (14%)
Biological treatment 3 (30%) 2 (29%) NS
Apheresis 0 0
Combined treatment NS
(Immunosuppressors
and/or biologics
and/or apheresis)
0 6 (60%) 4 (57%)
1 1 (10%) 3 (50%)
2 3 (30%) 0
3 0 0

This subgroup of patients in our short series did not have the same risk factor compared with
general population. They did not take antibiotics, were not hospitalized or surgery 3 months before of
episodes. However, PPIs treatment was more frequent in CDI episodes compared with controls (90%

vs. 42%).

Table. Risk factors

Cases Controls p value

Antibiotics 3 months before 0 0 NS
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PPIs 3 months before 9 (90%)

Hospitalization 3 months before 0

Surgery 3 months before 1 (10%)

3 (43%)

P=0.03

Cases had a tendency for therapeutic escalation 6 months after infection in contrast to the control

group. 40% of episodes in CDI group needed hospitalization 6 months after episodes while in the control

group did not. Moreover, we found a 10% of surgeries in cases compared with 0% in controls.

It has seemed a tendency to the escalation of treatment, hospitalization, surgery, complications

and mortality in CDI group in contrast with no episodes in the control group. All complications and

mortality occurred in CDI episodes. It would be necessary to increase the number of patients for

improving the statistic power of this study.

Table. Outcome

Cases Controls p value
Escalation therapeutic 6 months NS
after 3 (30%) (1/3) 0%
Hospitalization 6 months after 4 (40%) 0% NS
Surgery 1 year after 1(10%) 0% NS
Complications 1 (10%) 0% NS
CDI complications 0% 0%
Exitus 1 (10%) 0%

Laboratory parameters
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Cases Controls p value

Calprotectin levels N=3 No
<200 1 (10%)

200-500 2 (20%)

>500 0

ESR 40.40 30.67 NS
CRP 1.5633 1.4833
Albumin 3.36 3.400
Platelets 327,333.33 346,500
Hemoglobin 11.53 12.55
Ferritin 96.80 105.73
Fe 49.20 51.50

We had a small sample size of episodes with laboratory parameter, but we did not find

differences between both groups.
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4.4 Recurrent episodes of CDI in IBD patients

So far, we have analysed from June 2007 to June 2015, 131 CDI episodes in IBD patients with
a relapse (cases) compared with IBD patient with a relapse but without infection (controls). We found

24 recurrent episodes, and we are going to analyse their characteristics in this section.

First of all, we are going to show you a general perspective of them. Secondly, we are going to

highlight their characteristics in general and specifically comparing UC and CD patients.

4.4.1 General picture of recurrent episodes in CDI patients

We found 24 (18%) recurrent CDI episodes. The distribution of recurrent CDI episodes from
June 2007 to June 2015 showed a tendency to decrease in IBD patients (similar tendency to positive
episodes in general). They were produced in UC patients more than in CD patients and more than 50%
> 8 weeks after the previous episode. Last two years, there were not recurrent episodes in CD patients

and the last year not recurrent episodes in both.

s—

4
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2-

1
Tipo de
enfermedad
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2008 2009 2010 2011 2012 2013 2014

Ecu

Figure. Distribution of recurrent CDI episodes from June 2007 to June 2015
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Recurrent episodes

4 (17%)

m Ulcerative colitis Crohn’s disease

Figure. Distribution of IBD in recurrent episodes

In the analysis of recurrent episodes, the first recurrence was the most frequent, about 65% and
more than 50% occurred >8 weeks after the previous episode. The first recurrence is more frequent than
the second and the third one. However, the second recurrence was the earliest; it occurred <8 weeks

after the previous one. In second and third recurrences, there were not CD episodes.

Second
recurrence Third recurrence .
39% 2% Total episodes

First recurrence
13%

Global recurrenc
n=24 (18 %)

H One episode M First recurrence Second recurrence Third recurrence
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Figure. Distribution of recurrent episodes: first, second and third recurrences.

Table. The time it took for recurrent CDI episodes to appear in the patients.

Cases n (%) Recurrence Recurrence time (> or <8

time (months) weeks)

Total CDI episodes 131
Recurrent CDI 24 (18%) > 8 weeks 14 (58%)
episodes <8 weeks 10 (42%)
First recurrence 17 (71%) 17.57£21.964  >8 weeks 11 (65%)
Second recurrence 4 (17%) 9.00+13.663 >8 weeks 1 (25%)
Third recurrence 3 (13%) 21.33424.132  >8 weeks 2 (67%)
58%
16
14
14
65%
12
11
10
10
8
6
6
. 7 67%
25%
” 2
1 1
0 = L
Recurrent episodes First recurrence Second recurrence Third recurrence
u >8 weeks <8 weeks

Figure. Time recurrence takes to appear (> or < 8 weeks)
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Table. Recurrence time

Recurrence time (months)

First recurrence
CD

UC

Second recurrence
CD

UC

Third recurrence
CD

UC

17.57+£21.964
27.00+£21.055
15.58+22.177
9.00£13.663

No recurrences
9.00£13.663
21.33+24.132
No recurrences

21.33+24.132

4

3=

Tipo de
enfermedad

MEC
Ecu

49 53 &8

Figure. Distribution of UC and CD in the first recurrence
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Figure. Probability of a first recurrence (months).

Figure. Probability of a second recurrence (months).
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Figure. Probability of a third recurrence (months).
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4.4.2 Characteristics of recurrent episodes and comparison of UC and CD
We analyzed 24 recurrent CDI episodes during the period of our study. 4 episodes (17%)
occurred in CD patients and 20 episodes (83%) in UC patients (p=0.03).

Recurrent episodes

4 (17%)

m Ulcerative colitis Crohn’s disease

Figure. Distribution of IBD in recurrent episodes

We studied 24 recurrent episodes in which we found four episodes (17%) occurred in CD
patients and 20 episodes (83%) in UC patients (p=0.03). IBD was diagnosed in middle-aged patients.
The patients have a mean age of 39 at the moment of episodes, but 13% of recurrent episodes occurred
in patients older than 65 and ulcerative colitis. In our study, we did not find patients >65 with a recurrent
episode and Crohn’s disease. Women and men had a similar distribution. The recurrent CDI infections
appeared in Autumn-Winter as well as in Spring-Summer. There is a smoking history in 13% of
recurrent episodes and it is more frequent in the CD group (p=0.01). We found 21% of episodes with
more than one comorbidity without differences between UC and CD. Recurrent episodes did not occur

in patients with previous colectomy.

119



Table. General characteristics of patients with recurrent episodes

Mean agetstandard

deviation

Age >65

Gender

Male

Female

Seasonality

Autumn and Winter

Spring and Summer

Smoking history

Comorbidity (=1)

Surgery (colectomy)

Mean age at IBD

diagnosis

Recurrent episodes
(n=24)
39.17+/-16.343

3 (13%)

12 (50%)

12 (50%)

10 (42%)

14 (58%)

3 (13%)

5(21%)

0%

33.21+/-17.118

Ulcerative colitis

(n=20)

40.65+/-17.070

3 (15%)

9 (45%)
11 (55%)

9 (45%)
11 (55%)

1 (5%)

3 (15%)

0%

35+/-17.859

Crohn’s disease

(n=4)

31.75+/-10.689

0%

3 (75%)
1 (25%)

1 (25%)
3 (75%)

2 (50%)

2 (50%)

0%

24.25+/-9.912

P

value

NS

NS

NS

NS

P=0.01

NS

NS

NS

We found colonic involvement in 75% of episodes in Crohn’s disease. Left and extensive colitis

localization are predominant in ulcerative colitis (35% and 40% respectively). Moreover, 50% of

episodes in Crohn’s disease occurred in a disease with perianal localization too. We have found recurrent

episodes with all behaviors without a prominent one.
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Table. Discase localization and behavior in recurrent episodes

Disease localization in recurrent episodes (n=24) Crohn’s disease (n=4)

L1 1 (25%)
L2 1 (25%)
L3 2 (50%)
L4 0 (0%)

Perianal 2 (50%)

Behaviour in  recurrent Crohn’s disease (n=4)

episodes (n=24)

B1 1 (25%)
B2 1 (25%)
B3 1 (25%)
Plastron 1 (25%)
Abscess 1 (25%)

Table. Disease localization in recurrent episodes

Disease localization in recurrent episodes Ulcerative colitis (n=20)

(n=24)

E1 (proctitis) 5(25%)
E2 (left-sided colitis) 7 (35%)
E3 (Extent colitis) 8 (40%)

88% of recurrent episodes happened in outpatients without differences between UC and CD.
These recurrent episodes need hospitalization in 16% of episodes with more in the CD group (p=0.05)
but with a mean stay of 12 days without differences between two groups. Most episodes (79%) are

moderate episodes without differences between CD and UC.
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Table. Characteristics of the recurrent episodes

Recurrent episodes Ulcerative Crohn’s

(n=24) colitis (n=20) disease (n=4)
Outpatients 21 (88%) 18 (90%) 3 (75%) NS
Hospitalization 4 (17%) 2 (10%) 2 (50%) p=0.05
Mean stay (days) 12.00£8.756 9+/-5.657 15+/-12.728
Community acquired @ (5-24)

100%
Severity NS
Mild 4 (17%) 4 (20%) 0%
Moderate 19 (79%) 15 (75%) 100%
Severe 1 (4%) 1 (5%) 0%

More than 90% of recurrent episodes treated with oral mesalamine. This treatment with oral
salicylates was administrated to 100% of UC patients and 50% of CD (p=0.00). It would be very
important to say, 38% of recurrent episode treated with local mesalamine and 45% of UC episodes and

0% CD episodes with non-significant differences.

67% of recurrent episodes treated with immunosuppressive treatment and as well as 75% of the
CD group and 65% of the UC group (p=0.01). Azathioprine and mercaptopurine were the most common
immunosuppressive treatment used, in 58% of recurrent episodes and 65% of UC episodes (we use 50%
azathioprine and 15% mercaptopurine in UC episodes if we consider them separately). We use more
azathioprine treatment in UC compare to mercaptopurine. Methotrexate used in 8% of recurrent episodes

and 50% of CD episodes (we did not use it in UC episodes) (p= 0.02).

At the moment of recurrent CDI, 21% of episodes were being treated with biological treatment.
It was more frequent (75%) in CD than in UC (10%) (p=0.00). Specifically Adalimumab was the most
used in 75% of CD episodes too (p=0.00). Infliximab and Adalimumab were both used in 5% of UC

episodes.

Apheresis used in 21% of recurrent episodes. 1 of 4 episodes in UC treated with it. We did not

use it in the treatment of CD episodes.

Immunosuppressant treatments combinations: 75% of episodes treated with at least an
immunosuppressive drug+/-biological treatment+/-apheresis but 1 out of the four episodes (25%) were
not treated, as well as 30% of episodes in UC and 0% of CD (1 out of 4 patients did not have

immunosuppressor treatment). However in recurrent episodes of CD at least one of these drugs were
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used. 42% of recurrent episodes treated with one drug and 33% of recurrent episodes with two drugs.
Neither episode treated with a combination of 3 treatments. No differences regarding the combination

treatment between UC and CD.

Table. IBD treatment at the moment of recurrent CDI

Recurrent Ulcerative Crohn’s p
episodes (n=24) colitis (n=20) disease p=0.00
(n=4)

Oral mesalamine 22 (92%) 20 (100%) 2 (50%) P=0.02
Rectal mesalamine 9 (38%) 9 (45%) 0% NS
Immunosuppressant p=0.01
treatment 16 (67%) 13 (65%) 3 (75%) NS
Azathioprine 11 (46%) 10 (50%) 1 (25%)
Mercaptopurine NS
Methotrexate 3 (13%) 3 (15%) 0%

2 (8%) 0% 2 (50%) p=0.02
Biological treatment 5(21%) 2 (10%) 3 (75%) p=0.00
Infliximab 1 (4%) 1 (5%) 0% NS
Adalimumab 4 (17%) 1 (5%) 3 (75%) p=0.00
Apheresis treatment 5(121%) 5(25%) 0 NS
Treatment combinations 18 (75%) NS
(IS+/-biological+/-
apheresis)
0 6 (25%) 6 (30%) 0%
1 10 (42%) 8 (40%) 2 (50%)
2 8 (33%) 6 (30%) 2 (50%)
3 0% 0% 0%
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Risk factors

25% (1 out of 4) of recurrent episodes were treated with antibiotics three months before
(metronidazole 100%; it is a CD-antibiotic). 71% of episodes had PPIs consumption three months
before. Less than 10% episodes had episodes of hospitalization three months before, and neither episode
presented surgery three months before. We did not find significant differences when we compared the

results between UC and CD.

70% of recurrent episodes treated with PPIs without differences between UC and CD. Less than
10% of recurrent episodes had a personal history of hospitalization three months before the episodes,

and 0% of patients had had surgery three months before these episodes (without differences between
UC and CD).

Recurrent Ulcerative Crohn’s p value

episodes (n=24) colitis (n=20) disease (n=4)

Antibiotics 3 months before 6 (25%) 6 (30%) 0% NS
Metronidazole 6 (25%) 6 (100%)

PPIs 3 months before 17 (71%) 13 (65%) 4 (100%) NS
Hospitalization 3 months 2 (8.3%) 1 (5%) 1 (25%) NS
before

Surgery 3 months before 0% 0 0 NS
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4.4.3 Independent risk factors for recurrent CDI episodes

Logistic regression analysis

Variables en la ecuacion

Error 55% C.|. para EXP(B)
B estandar Wald gl Sig. Exp(B) Inferiar Superior
Paso1®  Ttol3(1) 1,457 A80 5,208 1 ooz 4,294 1,675 11,006
Constante 754 303 6,182 1 013 2125
Paso 2!  tipoenf(1) 1,484 613 5,859 1 015 4413 1,326 14,680
TtolS(1) 1,680 A03 11,146 1 001 5,368 2,001 14,396
Constante 234 360 424 1 15 1,264
Paso3®  tipoenf{1) 2,286 a2 7825 1 004 5983 2,002 48 267
TtolSi1) 1,753 522 11,282 1 001 5,769 2,075 16,041
ttobialo(1) 2,692 462 7827 1 005 14,761 2,239 87,305
Constante -2,373 1,036 5243 1 022 053

a.Variables especificadas en el paso 1: TtolS.
b.Variables especificadas en el paso 2: tipoenf.

c.Variahles especificadas en el paso 3: ttobiolo.

We performed the multivariate analysis with the variables with statistical signication or p<(.2

in univariate analysis (CI 95%).

Risk profile of IBD patients with CDI recurrences episodes (independent factors):

- Patients with ulcerative colitis
- Immunosuppressants treatment

- Biological treatment.
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Laboratory parameters in recurrent episodes

The interpretation of our results in the laboratory parameters was limited because of the small
size samples. It was because physicians do not always ask for laboratory parameters for all their patients
in the relapses. The average values were not different between UC and CD. Correlations bivariate
positives (p<0.05) ferritin and CRP (r=0.8) and with significance (P<0.01) Fe and albumin (r=1), Fe and
calprotectin (r=1), calprotectin and albumin (r=1). Negative correlations (p<0.01): ferritin and albumin

(r=-0.9).

We did not find differences between severity and levels of laboratory parameters in recurrent

episodes.

Recurrent episodes Ulcerative colitis Crohn’s disease (n=4) p value
(n=24) (n=20)

Calprotectin  N=6 (25%) N=4 (20%) N=2 (50%) NS

Mean 1864.83+£2437.200 890.75+581.578 3813.00+£4159.202

0-200

200-500 1 1 0

>500 5

3 2

0% 0 0

CRP N=11 N=7 N=4 NS
2.6845+4.52821 1.5486+2.71346 4.6725+6.73373

ESR N=12 N=8 N=4 NS
18.83+10.803 18.13+12.017 20.25+9.323

Albumin N=5 N=3 N=2 NS
3.6600+0.60663 3.7333+0.64291 3.5500+0.77782

Leucocytes N=13 N=9 N=4 NS
9900.00+£6503.204 9577.78+7593.711 10625.00+3792.427

Platelets N=13 N=9 N=4 NS
290307.69+£78818.763  283333.33£78310.280  306000.00+£89565.618
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Hemoglobin  N=13 N=9 N=4 NS
13.2846+1.17604 13.5444+1.29239 12.7000+0.64807

Ferritin N=9 N=8 N=1 NS
38.8778+46.36261 42.3000+48.33322 11.5000
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Correlaciones

Calprotectina
Hemoglobina Ferritina Higrro PCR VSG Albumina Plaguetas Leucocitos facal

Hemoalohina Correlacion de Pearson 1 -,651 - 725 - 169 -126 J6BA 195 239 -,809

Sig. (hilateral 057 275 620 69 202 523 431 097

Sruongjcfgsc\f:ﬂg?ﬁ:; 16,597 -305,042 72,100 5,204 -18,367 2410 | 216961,538 21960,000 -5973,660

Covarianza 1,383 -38,130 -24,033 -829 1,670 603 | 1eoe0ize 1630,000 -2483,415

N 13 g 4 11 12 5 13 13 5

Ferriting Correlacion de Pearson -651 1 917 853 -290 995 -245 -275 -,975

Sig. (hilateral) 057 083 015 486 005 526 473 143

g:‘g;jﬁ;;ﬁ;ﬁg?g?;y -305,042 17195,936 3230,260 884136 | 1125325 | -98,565 |-7237077,778 | -789412,222 -8539,900

Covarianza -38,130 2149,492 1076,750 114,022 160761 | -32,856 | -904634722 | -98676,528 -4269,950

N g g 4 7 8 4 g g 3

Hierro Correlacion de Pearson 725 917 1 643 - 682 1,000" -,508 -632 71,0007
Sig. (hilateral) 275 083 357 318 482 368

g:‘onsjcfgsc\f;gg?g?gsy 72,100 3230,260 2369,000 38,855 -625,000 550 |-4238000,000 | -608550,000 11884,500

Covarianza -24,033 1076,750 789,667 12952 -208,333 550 |-1412666,667 | -202850,000 |  11884,500

N 4 4 4 4 i 2 4 4 2

PCR Comelacion de Pearson _168 853 643 ] 153 -.595 535 198 -208

Sig. (hilateral) 620 015 357 673 405 030 559 791

g:‘o”c;jc‘:;;v“;;;?gf;s" -8,204 684,135 38,855 205,047 81,430 -3612 | 2000610908 | -63853.081 | -12814.927

Covarianza 828 114,022 12,052 20,505 6,826 4,204 | 200081091 6385,306 4271 542

N 1 7 4 11 10 4 14 11 4

VSG Correlacion de Pearsan -126 -,2490 -,682 153 1 - 196 Asd 318 323

Sig. (hilateral) 595 486 318 673 752 A1 312 596

;“;I“Drgjc'f;sﬂf:c‘i;g?;; 18,367 1125325 ~625,000 61,430 1283667 4100 | 4707166667 | 252432333 29803,600

Covarianza 1,670 160,761 208,333 6,82 116,897 4,025 | 427024242 | 22048485 5700,500

N 12 8 a 10 12 5 12 12 5

Albumina Correlacion da Pearson 685 995" 1,000" - 505 -196 1 307 401 1,000
Sig. (hilateral) 202 005 405 752 616 503

gﬁ;gjﬁj;f:ﬁ;?g?:; 2,410 -98,565 550 3612 4100 1472 38180,000 8526,000 108,400

Covarianza 503 -32,855 550 1,204 1,025 368 9545,000 2131500 108,400

N 5 1 2 4 5 5 5 5 2

Plaguetas Correlacion de Pearson 195 -,245 -,508 535 484 307 q AN -221

Sig. (hilateral) 523 526 492 090 an 616 301 721

gf;gjﬁ;;f;;ig?g?:; 216961,538 | -7237077,778 | -4233000,000 | 2000610809 | 4707166,667 | 38180,000 |  7.455E+10 | 1914500000 | -262967800

Covarianza 16080128 | -904634722 | -1412666,567 | 200061091 | 427924242 | 9545000 | 6212397436 | 1595500000 | -55741950,0

N 13 g 4 11 12 5 13 13 5

Leucocitos Caorrelacion de Pearson 239 -275 -,632 -198 319 401 AN q -, 364

Sig. (hilateral) 431 473 368 559 312 503 301 547

grlg”;jcf;sc\f;ﬂg?ﬁ:; 21960,000 | -789412,222 | -G08550,000 | -63853,091 | 262433333 | 8526,000 | 1914600000 | 5075000000 | -38748900,0

Covarianza 1830,000 | -98676,528 | -202850000 | -6385309 | 22948485 | 2131,500 | 159550000,0 | 4229166667 | -9687225,000

N 13 g 4 11 12 5 13 13 5

Calprotectina fecal | Carrelacion de Pearson ~808 _a75 100" -209 EEE] 000" -2 -364 ’
Sig. (hilateral) 087 143 701 596 72 547

oY -9973660 |  -8530.900 | 11884500 | -12814927 | 22803600 | 108400 | -262967800 | -387488000 | 2968872083

Covarianza -2493,415 -4269,950 | 11884500 |  -4271,642 5700900 | 108400 | -65741950,0 |-9687225,000 | 5939944,167

N 5 3 2 5 2 5 5 6

* La correlacidn es significativa en el nivel 0,05 (2 colas).

** La correlacion es significativa en el nivel 0,01 (2 colas).

Treatment of CDI recurrent episodes

95% of recurrent episodes (first, second and third) were treated in the same way, with oral

metronidazole. We used oral vancomycin in less than 5% of recurrent episodes. Moreover, we did not

use spiraxin or fidaxomicin. We used probiotics in less than 5% of episodes.

88% of recurrent episodes were treated with corticosteroids: 90% with prednisone, mean doses

29 mg (with differences between UC and CD, we used higher doses in CD (p=0.00)
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Recurrent Ulcerative colitis Crohn’s disease p value
episodes (n=24) (n=20) (n=4)
Oral metronidazole 23 (96%) 19(95%) 4(100%) NS
Oral vancomycin 1 (4%) 1(5%) 0% NS
IV metronidazole 0%
Spiraxin 0%
VSL3 1 (4%)
Fidaxomicin No
1(5%) 0%
Corticosteroids 21(88%) 17(85%) 4 (100%) NS
Prednisone 16 (67%) 12 (60%) 4 (100%)
Beclomethasone 521%) 5(25%) 0
Mean doses (mg) 29.25+17.417 25.314/-17.173 45+/-5.774 p=0.00

Outcome in recurrent episodes

We found in the study of recurrent episodes that in 38% of episodes, therapeutic escalation was

necessary 6 months after. Hospitalization was necessary 6 months after 17% of episodes. In both cases,

there were no differences between CD and UC. We did not find colectomies 1 year after of episodes.

Our patients did not have complications, neither mortality, because of CDI per se.

Recurrent Ulcerative Crohn’s disease | p
episodes colitis (n=20) | (n=4)
(n=24)
Therapeutic escalation 6 months | 9 (38%) 8 (40%) 1 (25%) NS
after
Hospitalization 6 months after | 4 (17%) 3 (15%) 1 (25%) NS
Surgery 1 year after (colectomy) | 0% 0% 0%
Complications 0% 0% 0%
Mortality 0% 0% 0%
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5. Chapter 4: Discussion of results

In order to facilitate reading, this section will follow a similar structure as the results section
before. In particular, we have divided this discussion into the following parts: epidemiological aspects,
general characteristics of IBD, risk factors for acquisition of CD in IBD, outcome, recurrent CDI and
CDI treatment. Finally, we will conclude by pointing out the major contributions and several limitations

of our dissertation, as well as our proposals for future research.

Epidemiological aspects

The incidence of CDI is increasing worldwide, and it has become a relevant health concern for
the international community. Its treatment is a challenge in the USA and the UK, where it has produced
multiple and severe outbreaks. It can be a serious disease that can compromise the patients’ livesProof
of all this is the recent creation of the first faecal bank in the USA for the treatment of more severe and

recurrent CDI episodes.

In Spain, the overall situation with respect of CDI is not well-known at the moment. There are
a few epidemiological studies on the prevalence of CDI in the general population, and the available data

indicate that CDI incidence is within the range of surrounding countries but not increasing.(188)

IBD patients have a higher incidence of CD in comparison with the general population. (31, 32)
IBD is one of the strongest comorbidities associated with the possibility of CDIL.(30) The prevalence of
CDI in IBD patients in Spain is not well characterized and, only recently, one study published about
Spanish IBD patients, just evaluated specific risk factors.(189) Outbreaks have not been reported in
Spanish IBD patients in contrast with the general population, but with very few cases compared with

other European cities and North America. (188, 190)

In our tertiary teaching center, we have not found an increase in the number of positive episodes
in both, general population and IBD patients, during the period of the study from June 2007 to June
2015. Moreover, the number of positives CDI episodes exhibited a constant o decreasing tend, never
increasing in the last 8 years. Thus, the situation in IBD patients in our area does not seem to be the
same compared with the general population. There has been an increase in awareness about the existence
of CDI and its influence on inflammatory bowel disease patients. In the USA, administrative database
studies have suggested that the incidence of CDI on IBD, as in the general population, was increasing,
but their design makes it hard to distinguish the real scope of the study with a consequent detection bias.
(43) There is an apparent steady increase in CDI incidence complicated IBD in the last 10 years,

specifically in UC and colonic Crohn’s disease.(39, 43)This increased incidence is more evident in large
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studies as compared with smaller ones, but it is very hard to assess because of the differences between

the used diagnosis methods.(42)

We have found that the proportion of positive results was low when compared with the number
of requested samples. Several reasons could explain it: one explanation may be that in our centre,
physicians requested control samples for most of the patients after their treatment. The latest guidelines
to manage CDI (152) in the general population (there is not specific guidelines about management of
CDI in IBD patients) recommend that after treatment samples are requested if the patient did not have a
good evolution or the patient did not respond to the treatment or reinfection is suspected. If the patient
improves after the treatment, it is not demonstrated that a routine request is necessary to confirm the
response to treatment. Furthermore, one request sample is enough for CDI diagnosis. In addition, in
most cases, we asked for an early CDI study in all the relapses. We should not routine request a study
of stools in all IBD relapses from the start of the process. We should request it when the patients have
risk factors for the infection, do not respond to the optimization of basal treatment, corticosteroids

treatment, intensification of treatment and in hospitalized patients. (1)

In our Gastroenterology Department, CDI diagnosis took an average of 14 days, but the positive
result was coming out of the Microbiology Department in an average time of 2 days. Therefore, there is
a remaining gap of 10-12 days in which it would be possible to know the sample results. We could
improve the early diagnosis of CDI in IBD outpatients with a better communication with the
Microbiology Department. The result of the samples took between 24-48 hours to upload on our intranet.
Moreover, another problem is the time that the patient delayed going back to the outpatient consultant.
Thus, it would be helpful to keep in touch with the Microbiology Department in a more direct way to

know the positive results as soon as possible.

General characteristics of IBD

Our study was performed in a single centre with a limited number of patients. However, it is the
first large study about CDI in Spanish IBD patients and the first to evaluate recurrence and outcome in
these patients. In our study, IBD patients with CDI were younger than the general population with CDI
(>65 were less than 10%). CDI was community-acquired, and the study for CDI diagnosis was requested
as an outpatient. Most studies published show that the age in IBD cohorts was much lower than in the
general population controls suggesting that patients with IBD would have different risk profile. (42)

Thus, our results are consistent with the literature

Most IBD patients appear to contract CD as outpatient even in hospitalized patients. If CDI

confirms within 48 hours of admission, suggests a community acquisition.(39, 42, 43) In our study,
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most analyzed CDI episodes were community acquisition without differences with non-CDI patients
with a relapse. We could not find differences in the appearance of the infection in autumn and winter.
This was probably because the Canary Islands have no seasons, with mostly homogeneous temperatures

between 18-25°C all the year round.

We found that UC and the rectal localization had more risk for CDI, and moreover UC was an
independent risk factor for the CDI development in the multivariate analysis.(30, 47) Crohn’s disease
with colonic involvement had a higher risk than small intestine localization for CDI. (43, 104, 105, 107)
In addition, in our study, ileal localization was significantly more frequent in the control group. Our
results are consistent with the literature; we found only in one study that a more extensive disease seemed
to be at greater risk factor than a distal one. (43) In Crohn’s disease, non-stricturing non penetrating
behavior was more frequent in CDI episodes than the stricturing one. We found in our serie that CDI
was frequent in CD with perianal location and abscesses in the episodes, probably related to concomitant
or previous antibiotic treatment. Thus, our findings suggest we should have a high index of suspicion
for CDI in IBD patients mainly if they have a colonic involvement (ulcerative colitis and Crohn’s disease
with colonic involvement), in CD with an inflammatory behavior and with perianal localization and an

abscess in that episode.

There were more episodes of CDI and relapses than without CDI, during the first years of our
follow-up. In fact, CDI episodes are frequent during the first 3 -7 years (50% and >70% respectively)
after IBD diagnosis. It is known that IBD per se is a risk factor for CDI and could be because of the
disease has not a completed control of inflammation, and this lack of inflammation control could be a
predisposing factor. We do not know whether CD is a cause of IBD or a consequence of the
inflammatory state in the intestinal environment and disruption of the normal microbiota. (18) However,
the behavior of UC and CD with and without CDI was different: CDI makes the behavior of ulcerative
colitis similar to the behavior of Crohn’s disease without CDI. Moreover, UC with CDI seems to have
a different behavior as compared with UC without infection. UC with the infection has more probability
of relapse and earlier than UC without infection, where the evolution only depends on its natural
evolution. In contrast, in CD with the infection the relapses were less frequent when compared with CD
without infection, in which the relapse depends on the natural evolution of the disease, without an
external element triggering the relapse. Our results are interesting because CDI seems to play a role in
the relapses in UC. There are questions unanswered about the role that CD can have in the exacerbations

of IBD. (27)

Furthermore, in our study we found in more than 10% of the cases, a simultaneous CDI and IBD
diagnosis compared with established IBD in the controls. It was an independent risk factor for CDI in

IBD patients in the multivariate analysis. Our result is consistent with the literature and is important
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because could support the role that CD can play in the onset of IBD. The prevalence of CDI in newly
diagnosed IBD patients is high (8-10%) and is independent of the type of disease.(33, 34)

IBD episodes with CDI did not usually need hospitalization in our series, but we have found
that these episodes had as risk factors treatment with PPIs 3 months before the episodes (similar to
outpatients) and antibiotics in the limit of signification. Thus, it would be necessary try to avoid once
the PPIs in this patients. The presence of comorbidities were not frequent in IBD patients, but patients
with comorbidities had more risk for CDI. In fact, to have comorbidities was an independent risk factor
in the multivariate logistic regression for CDI in our study. Nguyen et al.(104) found that the

comorbidity increases the risk of acquisition of CDI in IBD patients.

We could not identify inflammatory markers that could be predictive factors for CDI
development and predictive factors of a complicated CDI. Perhaps, due to our small sample size. In the
general population there are laboratory markers of severity but no in IBD patients until now. We found
more inflammation (higher levels of CRP) correlated with low levels of hemoglobin and higher levels
of inflammation with low nutrition parameters. Albumin<3 gr (hyponutrition) was presented in both
groups without differences, but there was a higher proportion in CDI group. Our study tried for the first
time investigate the role of fecal calprotectin in CDI in IBD patients. However, we could not obtain
significant differences with control group because of small sample size. However, calprotectin levels
showed a tendency to be higher in CDI episodes (>500). Moreover, we found a tendency to higher
calprotectin levels and clinical severity in our samples: in mild episodes the values had a tendency of
being < 200, in moderate episodes, they had a tendency of being >500 and in the severe episode we did
not have any samples to evaluate. In our opinion, faecal calprotectin could play a role in the classification
of these patients in risk groups and in their follow-up. We need more studies to evaluate the role of this

biological marker in CDI management.

Risk factors for acquisition of CD in IBD

IBD patients have a different risk profile as compared with the general population. One of the
advantages of the database and other large studies is that their sample size has allowed the identification
of risk factors associated with CDI. Most important pharmacological risk factors for CDI in the general
population are the utilization of broad spectrum antibiotics (destroy the protective intestinal flora) and
older age (associated with decreased immune response and increased comorbid conditions). However,
it is common that CDI in IBD patients occurs in younger people, without antibiotics exposure and prior
healthcare contact. The utilization of antibiotics in IBD is less than in general population, 43% CDI are
associated with taking antibiotics 3 months before it.(72) In our study, antibiotics were used in 16% of

CDI episodes as compared with IBD patients without CDI and the differences were significant (in the
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control group, its use was more frequent in CD). Moreover, as in the case of comorbidities, it is less
frequent compared with the general population but it is important in the CDI development in IBD
patients. In our study antibiotic treatment 3 months prior episodes was an independent risk factor in the

multivariate analysis. A stepwise antibiotic treatment in IBD patients would be essential.

In our study, PPIs were used significantly more in CDI group than in control group in the
univariate analysis, and they were an independent risk factor at the limit of the multivariate logistic
regression (but in our population there is an overuse of PPIs, which could be a confusion factor).
Antiacids as risk factor for CDI have negative and positive reports. It is thought that the mechanism is
related to decrease gastric acid, which increases the transit of the vegetative cells and spores of
Clostridium beyond the stomach and cause infection. It is thought that proton pump inhibitors (PPIs)
are more important risk factors than other antisecretory agents. In IBD patients, the use of PPIs have
been evaluated in a few studies and the number of patients was too small to detect significant effects
(35, 111). Recently, in 2015 Ramos-Martinez et al. (189) studied for the first time in Spain, risk factors
in IBD patients for CDI and they found that PPIs treatment was a risk factor for CDI more than

antibiotics. They also detected differences in spite of the small sample size.

We did not find differences in the use of immunosuppressants at the moment of episodes (40-
50% in both groups) between CDI group and control group. Less than 10% of episodes with/without
CDI were treated with biological treatment (infliximab and adalimumab) without differences. However,
in the subgroup of recurrent episodes of CDI, immunosuppressant and biological treatment were risk
factors in univariate and multivariate analysis. In the cohorts studies performed in a single centre is not
frequent to be reported as a risk factor, perhaps because most were conducted before the widespread use
of immunosuppressant treatment and were underpowered to detect small effect sized. On the contrary,
Issa et al. (43) found that immunosuppression defined as the use of thiopurines, methotrexate, and
steroids, double the risk of CDI in IBD patients. Schneeweiss et al. (191) did not find an association
with infliximab or immunomodulators and the admission of IBD patient with CDI. Moreover, Seicean
et al. (29) have suggested in several reported cases that infliximab treatment may be protective. We need
more studies to confirm this and to stablish which would be the optimal infliximab treatment regimen

for UC with CDI.

Outcome

In IBD population, the outcome has been different depending on whether the studies were carry
out in a single centre, hospitalized patients or with data collected from a database. In our centre, we
found a favorable outcome that confirmed the recent and only so far, Spanish study performed by

Martinez et al. (189) in a single centre too. Overall, IBD patients with a relapse with CDI did not have
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a worse outcome as far as therapeutic escalation and hospitalization 6 months after the episodes or
surgery 1 year after the episodes are concerned. However, UC had a tendency for therapeutic escalation
and hospitalization 6 months after the episodes, almost double than CD in CDI patients. However, CD
had a tendency for more therapeutic escalation and hospitalization 6 months after episodes, double than
UC in non-CDI patients. We had 2% of complications in Crohn’s disease patients because of
perforations and 1 death in UC patients because of colorectal cancer, but unrelated to CDI per se. There
are several studies in the USA which CDI associated with a negative impact clinical outcome, with an
increased morbidity and mortality (39, 43, 105). Kelsen et al. (31) found that IBD patients with CDI

required more hospitalization, escalation therapeutic and presented an increased severity.

There is an apparently adverse outcome associated to the combined use of antibiotics and
immunosuppressant treatment compared with antibiotics alone, but we need prospective studies of CDI
treatment in IBD patients specifically. In our study, immunosuppressant and biological treatment were
independent risk factors for recurrences. However, they were not a risk factor in the first episodes. We
did not find a worse outcome in IBD patients with CDI episodes who were being treated with
immunosuppressant and biological treatment. Therapeutic escalation and hospitalization 6 months after
the episodes, surgeries 1 year after them, complications and mortality, were not more frequent in CDI
patients. Ben-Horin et al. (111) in a retrospective cohort study from European centres found that the use
of one or more than one immunomodulators increased the risk of having an adverse outcome,

independently of the severity of the disease at presentation (OR 17; 95% CI 3.2-91).

Furthermore, UC episodes, unlike CD, were treated with less immunosuppressant and biological
treatments as compared with CD, but after CDI, UC needed more therapeutic escalation and CD more
hospitalization (1 out of 4 episodes) but no statistically significant. We did not find differences between
average hospital stay in both groups. In the literature, we found contradictory data related to the length
of the hospital stay (LOS). In studies using databases, the LOS was significantly longer in the IBD
patients than in controls. In contrast, reports from a single centre suggest that the LOS of IBD patients

with CDI is similar to or shorter than controls.(42)

In our study, we did not have colectomies in UC patients 1 year after CDI and neither in the
control group. We did not find colectomies in recurrent episodes 1 year after CDI. Variable rates of
colectomies have been reported in IBD complicated by CDI. In a study in UC patients with CDI treated
properly, reported a 44% of colectomies compared with 25% in non-CDI UC in a control group. (192)
Issa et al. (43) reported in 2004 (45%) and 2005 (25%). Thus, in the USA the colectomy rates are much
higher than the recent rates reported from Europe by Bossuyt et al. (58) 5% and Ben-Horin et al. (111)
6%. The differences between the colectomy rates depend on whether the patient’s CDI was treated in a
centre with gastroenterologists interested in IBD and CD. It is likely that the index of suspicion for the

diagnosis and use of empirical treatment of CDI would be better in these specialised centres.
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Furthermore, the higher rate of colectomies in the USA were reported at the same time as hypervirulent
strain NAP1/027 was endemic in the USA, and this could have contributed to the colectomies rate were

higher in the USA than in Europe at the time.

Laboratory parameters used in European and American guidelines to define patients at risk of a
complicated CDI were: older age, leucocytosis, renal failure and comorbidities. With regard to
mortality, it was associated with age, comorbidities, hypoalbumin, leucocytosis, acute renal failure, and
infection with ribotype 027. Most of IBD patients with CDI were young, without comorbidities or
leucocytosis or hypoalbuminemia or renal failure. We did not serotype CD in stool samples. Thus, we
did not find any laboratory parameter in CDI episodes associated to morbidity and mortality. There exist
different results regarding mortality in the literature. There are database studies in hospitalized patients
that suggest that 4% patients with CDI complicating IBD die on that admission. We had one death
(0.7%) in an older patient with a colon cancer no directly related to CDI. The risk factors for mortality
are increasing with: age, comorbidity, treatment in a teaching hospital, intestinal surgery and lack of an
insurance policy. However, in a systematic review in 2011(42) analyzing the deaths in each of the
included cohort studies they found only 1% (3/797) of patients had died, a similar prevalence that we
observed in our study. This data are similar to mortality rate for IBD reported in the database studies.
The database studies include all-cause mortality on that admission whereas the deaths reported in the
single centres were more likely to be Clostridium difficile-related. Furthermore, Ananthakrishnan et
al.(105) found that when the mortality rates were re-analyzed after removing the cases where IBD was
listed as a secondary diagnosis, the association between mortality and IBD was no longer statistically

significant.

Recurrent CDI

A few number of studies have evaluated the risk factors for recurrent CDI in adults IBD patients.
It is estimated that 15-20% of IBD patients are going to have a recurrence of CDI. Goodhand et al. (42)
in a meta-analysis in 2011 did not find relevant studies in adults with IBD, and there are few studies to
evaluate specifically risk factors and outcome. Until now, our study is the first one that evaluates
recurrent CDI episodes in Spanish IBD patients. We found that 18% of patients had some recurrent CDI
episode (it is consistent with the literature). Moreover, after a first recurrence, second and third ones

were frequent, too.

In our study, the episodes in UC had more risk compared with the ones in Crohn’s disease.
Furthermore, more than one recurrent episode were frequent in UC (no more than one recurrence
occurred in Crohn’s disease). We found that recurrent episodes were more frequent >8 weeks after the

previous one except the second recurrence that was earlier. It may indicate that the antibiotic treatment
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used was effective to cure CDI at that moment, but it was not effective to prevent new infections.
However, the fact that recurrences occurred >8 weeks after the previous one could imply that new risk
factors could play a role in addition to IBD per se. We did not genotype the CD strains so we cannot say

if the new recurrences were of the same strain or a re-infection for another one.

We found that only 10% of episodes were in patients with age > 65 but in this subgroup, the
ratio of recurrence was about 30%. Only 1 out of 4 episodes had been treated with antibiotics 3 months
before, (but they were CD-antibiotics), and more than 70% of episodes were treated with PPIs 3 months
before them. More than 1 comorbidity presented 20% of episodes and severity was more frequent mild-
moderate (less than 5% of episodes were severe). Thus, it seems that the predisposing factors for CDI
are partially overlapping in IBD patients as compared with general population. However, more than
80% occurred in outpatients, and 100% were community acquired, similar to CDI episodes in IBD

patients either it is the first episode or not, unlike in the general population.

Garey et al. (114) published a meta-analysis to assess risk factors for recurrent CDI, in the
general population. It was significantly associated with increased risk of recurrent CDI: continued use
of non-CD antibiotics after CDI diagnosis, acid medications, and older age. In 2014, Abou et al. (123)
performed another meta-analysis for recurrent CDI in non-IBD patients. These authors found that the
risk factors for recurrences were: older age, use of antibiotics after diagnosis, PPIs and strain type. In
2015, Deshpande et al. (122) found that multiple risk factors are associated with the development of
recurrent CDI. In the general population, prognostic markers used to determine risk of recurrent CDI
(ESCMID) (152) are: age (>65), continued use of non-CDI antibiotics after diagnosis of CDI and/or
after CDI treatment (Grade A), comorbidity (severe underlying disease) and/or renal failure (Grade A),
a history of previous CDI (more than one recurrence) (Grade A), concomitant use of PPIs (Grade B) and

initial severity (Grade B).

In our study, we found the type of disease (UC), immunosuppressant and biological treatment
to be independent risk factors for recurrences. CDI episodes treated with combined treatment were 75%:
immunosuppressant and/or biological treatment and/or apheresis. Moreover, UC episodes unlike CD,
were treated with less immunosuppressant and biological treatment compared with CD but after
recurrences, UC needed more therapeutic escalation and CD more hospitalization (1 out of 4 episodes).
We did not find colectomies 1 year after or complications or death because of CDI. It would be important

to perform prospective multicentre studies to have a larger sample size and statistical power.
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Subgroup >65 years old

We think that is a subgroup with very interesting behavior to comment although we do not have
previous data in the literature. The subgroup of > 65 years old was less than 10% of CDI episodes. They
did not have comorbidities and diagnosis was done as outpatients unlike the general population with this

age.

IBD had the same behavior as compared with younger patients: more frequent in UC and EC
with colonic involvement. IBD diagnosis was done over 40 years old, and the infection occurred the
first 5 years of IBD evolution. We found that 20% of episodes occurred at IBD diagnosis, and 50%

needed hospitalization.

PPIs were frequent in CDI but no antibiotics. The ratio of recurrence was high (30%) which
could justify that this subgroup was treated with antibiotics with a fewer rate of recurrences. At the
moment of episodes, there was a high percentage of immunosuppressants and biological treatments
(40% and 30% respectively) and 1 out of 3 patients had a combined treatment. They had a tendency to
the escalation of treatment. Low percentages of episodes needed hospitalization, surgery and had
complications and mortality in CDI group. This subgroup is small and larger studies are needed to

confirm these results.

CDI treatment

We also need prospective, controlled trials to assess the best therapeutic approach in IBD patients
with CDI. Even more, we need prospective and multicentres studies in IBD patients (because of its low
prevalence) to define risk groups based on clinical severity and laboratory parameters and to accordingly
evaluate the best therapeutic strategies. There are two essential aspects of the management of these

patients: prophylaxis and early detection of CDI.

In our opinion, the first step in the management of UC with CDI should be to optimize oral and
rectal treatment with mesalamine and antibiotic treatment. In our study, only 1 out of 3 patients was
treated with rectal mesalamine at the moment of CDI episodes. The first step would be to optimize
patients’ bse treatment adding rectal treatment and increasing the dose of oral mesalamine. A patient
can have a relapse if he does not follow the treatment (in the case of distal UC if he does not use the
local treatment). Often, optimizing the treatment is enough to control the relapse and requesting stool
samples to investigate the presence of CDI is not needed. Thus, it would be crucial that physicians

explained to the patients the importance of the adhesion to local treatment.
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We used the same antibiotic treatment (oral metronidazole) in most episodes (one or more than one):
mild-moderate or severe (although most of them were mild-moderate). However, we had 18% of
recurrences. Moreover, we combined antibiotic treatment with corticosteroids in more than 70% of

patients. Specifically prednisone was the most used in 1 out of 3 patients with average doses of 40 mg.

One of the main goals of IBD treatment is to avoid corticosteroids concomitantly. Thus, it would be
beneficial for the IBD patient with CDI to start with antibiotic treatment alone in mild episodes without
risk of complications or risk of recurrences. However, first of all, we had to define in this patients the
severity of episodes and until now, we do not have specific guidelines. Thus, antibiotic therapy alone
for CDI occurring in IBD patients with a severe relapse cannot yet be recommended. In hospitalized
patients with a moderate-severe episode, it remains reasonable to start the treatment with intravenous
corticosteroids and metronidazole or vancomycin while waiting the results of stool samples. However,
our decision-making can wait for the results of stool samples in outpatients with a mild-moderate
episode, and we can start optimizing the initial treatment of the patient. Thus, we could not treat with
corticosteroids: mild-moderate episodes and episodes without severity clinical or in the laboratory
parameters. For all reasons, strategies for the management of CDI in IBD patient should be done

according to the age of the patient, biological markers of severity, and underlying comorbidities.

However, which is the best antibiotic treatment? The treatment with metronidazole and vancomycin
is effective in more than 88% of cases (42). Thus, most patients respond initially to antibiotic therapy
but 10-40% of them can have a post-treatment recurrence of diarrhoea in association with a repeatedly
positive stool test for CD toxin (recurrence). CDI is hard to treat, and the recurrence after a first episode

is high to justify more specific treatment in selected cases.

In our opinion, the key point is not only the treatment of the episodes. Metronidazole and
vancomycin are equal regarding effectiveness but in the prevention of recurrences it seems that
vancomycin is better. Therefore, probably after the first or following in severe episodes and patients
with a high risk of recurrence, we should use vancomycin as the first line. However, these
recommendations are in the general population, not specifically in IBD patients. We need prospective
and controlled multicenter studies to evaluate the best treatment option for each subgroup of our IBD

patients based on the number, severity, and risk of recurrence of episodes.

The episodes in our patients were more frequent with mild and moderate severity, and we used in
most CDI first and recurrent episodes, oral metronidazole as the first line of treatment (more than 90%).
Vancomycin and probiotics were used in a lower percentage of them. Guidance of European Society of
Clinical Microbiology and Infectious Disease (ESCMID) (152) in section of recommendation on oral
antibiotic treatment of the first episode on non-severe CDI recommends: metronidazole treatment, 500

mg three times daily for 10 days (Grade A) as first option and vancomycin 125 mg four times daily, 10
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days (Grade B). Moreover, in the last sentence, they mention a different treatment option: “stop inducing
antibiotics and observe the clinical response for 48 hours” (Grade C) (see Appendices: Table 4). Thus,
we treated them based on this Guideline (ESCMID) (152) in the general population with the same

characteristics.

However, the last sentence in this section is very interesting because: if we could have the results in
the first 24 hours it would be possible, first of all, to optimize IBD treatment while we wait for the stools
samples results. This point is also important in our case because our patients were not using local
treatment at the moment of episodes, and, on the other hand, we could avoid an overuse of oral
corticosteroids. We used a combination of antibiotic treatment and corticosteroids in more than 70% of
patients. Moreover, prednisone was the most used one with an average dose of 40 mg. Thus, it would
be necessary to start as soon as possible with the specific treatment for the infection: and avoid the use
of corticosteroids in the mild cases. However, we do not have specific prospective studies in IBD

patients where this procedure has been studied.

We had a low rate of severe initial episodes, but we treated them in the same way as first mild-
moderate episodes. The recommendation in the Guideline (ESCMID) (152) is using vancomycin, 125
mg four times daily for 10 days or vancomycin, 500 mg four times daily for 10 days as treatment of the
first line because it has a higher cure rate than metronidazole in this situation (Grade A) (see

Appendices: Table 5).

Our rate of recurrences was high, but it was consistent with the literature. We used the same
treatment for them (one or more than one): with oral metronidazole in more than 90% of episodes. The
Guideline (ESCMID) (152) recommends as treatment of the first recurrence: vancomycin, 125 mg four
times daily for 10 days (Grade B) or fidaxomicin, 200 mg twice daily for 10 years (Grade B). And as
treatment of multiple recurrent CDI (more than one relapse): vancomycin 125 mg four times daily for
10 days, followed by pulse regimen (125-500 mg/day every 2-3 days) for at least 3 weeks (Grade B) or
vancomycin 125 mg four times daily for 10 days, followed by taper regimen: gradually decreasing the
dose to 125 mg per day. This subgroup of patients needs to treat it to avoid more recurrences (see

Appendices: Table 6 and 7).

We need a prognostic marker in IBD patients specifically to improve the treatment of CDI in
these patients. If we studied with detail the recommendations by ESCMID, the prognostic markers they
used were: age>65 years, leucocyte count >15x10°, albumin <30 g/L, rise in serum creatinine level (>1.5
times the premorbid levels) and comorbidities (severe underlying disease and/or immunodeficiency)
and in this section they considered inflammatory bowel disease per se as risk factor to develop a severe

CDI (see Appendices: Table 2). Thus, if we follow the general guidelines, IBD per se is a prognostic
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marker for developing a severe CDI. Thus, we need specific guidelines for the treatment of CDI in IBD

patients.

There are few data, and not enough controlled trials about the efficacy of other treatments for
CDI in IBD patients such as probiotics and faecal transplantation. Both are used in the general
population; faecal transplantation in severe and recurrent CDI episodes but IBD patients it has not yet
been investigated in CDI treatment. In our opinion, faecal transplantation seems an option to treat CDI

but also IBD per se, but we need controlled studies.

Limitations and strengths of our study

Our study has the following limitations: it is a retrospective study developed in a single centre
with a small sample size. We revised paper medical records, and it was difficult the extraction of some
data on severity of the disease. Furthermore, laboratory parameters were not requested in all relapses by

physicians.

Despite this limitation, our findings are in agreement with previous studies and highlight the
most important variables to consider when assessing risk factors for first and recurrent CDI episodes.
Moreover, our study is the first in evaluating more than risk factors in CDI in Spanish patients:
recurrence and outcome. Our findings could have implications for the treatment and control CDI
episodes in IBD patients in our area and can help to establish patients profile at risk for CDI in Spanish

IBD patients.

Future research

We acknowledge that this is just a first step in the medical research on this subject. It would be
crucial the creation of a multidisciplinary workgroup to perform European multicenter studies and create

protocol for diagnosis, treatment and prevention management in IBD patients.
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6. Chapter 5: Conclusions

- We did not find an increase in the number of cases of CDI from June 2007 to June 2015 in our area.
The frequency of CDI is not characterized in IBD patients in Spain. Because of its low prevalence,
multicenter and prospective studies are needed to evaluate the incidence and prevalence of CDI in

IBD patients in Spain.

- Direct and fluid communication with the Microbiological Department is crucial to get positive

results faster to make the therapeutic decision as early as possible.

- We should not routine request a stool sample in all IBD relapses from the start of the process. We

should request it when the patients had risk factors for the infection

- CDI was frequent during the first years of follow-up and at IBD diagnosis.

- The behavior of UC and CD with and without CDI was different: CDI becomes the behavior of
ulcerative colitis similar to the behavior of Crohn’s disease without CDI. UC with the infection has
more probability of relapse and earlier than UC without infection. Nevertheless, in CD with the
infection the relapses were less frequent compared to CD without infection in which the relapses

depend on the natural evolution of the disease.

- We must have a higher grade of suspicion:

v In patients with active colonic IBD (ulcerative colitis and Crohn’s disease with colonic
involvement). We have found CDI more frequent in ulcerative colitis with rectal
localization. Ulcerative colitis is an independent risk factor for CDI. Moreover, in Crohn's

disease with an inflammatory behavior, perianal localization and an abscess in that episode.
v At IBD diagnosis, there is more risk for Clostridium difficile infection. We have found it to
be an independent risk factor for CDI. These results could support the role that CD can play

in the onset of IBD.

v' After any CDI episode, IBD patients have a higher probability of recurrence, especially

after the first 8 weeks after stopping treatment.
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Most CDI episodes occurred in young patients and were community-acquired. The diagnosis was
done as an outpatient. Thus, IBD patients have a different risk profile compared with the general

population, and IBD per se could play a role in CDI.

Most CDI episodes were mild-moderate. We need to establish prognostic markers to determine the
risk of developing a severe CDI with prospective and multicenter studies. ESCMID guideline for

the general population, considers IBD per se, as a prognostic marker of severe CDI.

Percentage of hospitalization was low, but CDI patients needed significantly more. Most episodes
had a moderate severity. Thus, we need to improve the communication with the emergency room to

hospitalize only the patients who need it.

We have not found any inflammatory biomarker in blood or stool or other laboratory parameter to

be able to predict the severity of the CDI.

In our area, the subgroup of patients over 65 years old seemed to have a different behavior with a

worse outcome, prognosis, and more recurrent episodes.

We did not find that immunossupressant and biological treatments were a risk factors for CDI except

in recurrent episodes

In our study in Spanish IBD patients, the independent risk factors in the multivariate analysis for
CDI were: ulcerative colitis, at the time of diagnosis of IBD, antibiotics 3 months before episodes
and comorbidity. PPIs 3 months before episodes was a risk factor in the univariate analysis. Two
of these risk factors are preventable ones (antibiotics and PPIs), another we can suspect it early (at

IBD diagnosis), and comorbidity is not modifiable but can be improved.

Recurrent CDI is a frequent event and the independent risk factors for its development were:

ulcerative colitis, immunosuppressant, and biological treatment.
CDI did not have any influence on the outcome of the IBD relapse: no more therapeutic escalation,

no more need for hospitalizations and long stay at hospital, no more need for surgery and finally no

more mortality.
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7. Chapter 6: Our proposals to modify the management of CDI

Our proposals to modify the management of CDI in IBD patients in our area, according to our

study are:
Prevention strategies

- In our hospital, it would be recommended the creation of a multidisciplinary workgroup for the
elaboration of CDI guidelines for diagnosis, treatment and prevention strategies. We think that the
following departments should be included: Microbiology, Infectious Disease, Internal Medicine,

Preventive Medicine and Gastroenterology Departments.

- Awareness campaigns for a rational use of PPIs and broad spectrum antibiotics in outpatients and

hospitalized patients. Both, are risk factors for CDI in our area.

- Preventive Department has done for a long time an impressive work on preventive strategies

(contact isolation, hand washing, single rooms) to avoid CDI transmission in hospitalized patients.

- Elaboration of a specific protocol with Microbiology department could be useful to serotype CD in
the stools samples of patients affected by the infection. We do not know if the hypervirulent ribotype

027 is or not in our hospital.

Diagnosis of CDI in our IBD patients

In general, we must have a higher grade of suspicion of CDI in IBD patients:

- Early suspicion in patients with a risk profile in our area. Thus, we can start the specific treatment
as soon as possible: Ulcerative colitis; patients with comorbidities, taking PPIs and antibiotics and

at the time of diagnosis of IBD.

- Direct and fluid communication with the Microbiological Department is crucial to get positive

results faster to make the therapeutic decision as early as possible.

- We should not routine request a study of stools in all IBD relapses from the start of the process. We

should solicitate it when the patients have risk factors for the infection or do not respond to the
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optimization of basal treatment, corticosteroids, intensification of treatment and in hospitalized

patients.

- One stool sample is enough to diagnose CDI except if we suspect a reinfection.

- It is not necessary to confirm the microbiological resolution with control stool samples after

treatment if the patients have improved.

Treatment of CDI in our IBD patients

- One of the most relevant aspects of management of CDI is to prevent recurrences. Specifically, the
treatment of the recurrent episodes and the patients who are at risk for recurrent CDI is a hard

challenge.

- In our area, we have a high percentage of recurrences after a first episode. Thus, we should use

specific antibiotics that were effective to treat the infection and prevent recurrences at the same time.

- How should we treat IBD patients with CDI in an episode? Is the same UC and CD? We are going
to suggest the following treatment in our area based on our results, waiting for specific guidelines

in Europe:

v The first episode of non-severe CDI in outpatients: We could wait for results of stool
samples, optimize the basal treatment of patients and start antibiotic treatment if positive
result. We could begin with metronidazole (500 mg three times daily 10 days as the first
option) in general in UC and CD but if we had other risk factors (antibiotics, PPIs,
comorbidities, at IBD diagnosis) and UC, we think that we could start with vancomycin

(125 mg four times daily 10 days) for the risk of recurrence.

v Treatment for the first recurrence: we should use oral vancomycin, 125 mg four times daily

10 days

v Treatment of severe CDI and hospitalized patients: we should use oral vancomycin, 125 mg

four times daily 10 days
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v Multiple recurrent episodes (more than one relapse): we should use oral vancomycin, 125
mg four times daily 10 days followed by pulse regimen (125-500 mg/day every 2-3 days)

for at least 3 weeks.

v" We found a high percentage of recurrence in patients over 65 years old, we should start the

treatment with vancomycin, 125 mg four times daily 10 days for the risk of recurrence

One of the main goals of IBD treatment is to avoid corticosteroids. We could not treat with
corticosteroids the mild-moderate episodes (episodes without severity clinical or in the laboratory
parameters). Therefore, it would be beneficial for the patient to start with antibiotic treatment alone in
mild episodes without risk of complications or recurrences. We need prospective, controlled trials of
CDI treatment in IBD patients. In hospitalized patients, it seems reasonable to start with intravenous
corticosteroids and metronidazole or vancomycin while awaiting the results of stool samples. In

outpatients in better condition, decision-making could await the result of stool testing.

We need to elaborate specific protocols for treatment of CDI in IBD patients specifically. Thus, probably
after a first recurrence, severe episodes and patients with a higher risk of recurrences, we should use
vancomycin as the first line: in our area, UC recurs more than CD. Therefore, in UC treatment we should
use vancomycin at least after the first recurrence. Moreover, should we treat with vancomycin all CDI
in UC from first episodes or only in a subgroup of patients such as hospitalized one or at risk for

recurrence or with severe episodes?

We need prospective and multicentre studies in IBD patients to define risk groups with a worse evolution
and evaluate the best strategies for them based on the age of the patient, biological markers of severity,

and underlying comorbidities.

We need prospective and controlled multicenter studies to evaluate the best treatment option for each

subgroup of our IBD patients based on the risk of recurrence, the number of episodes and severity.

The results of our study can be helpful to define risk groups for CDI. Additional or new interventions

may be required to prevent the episodes (appropriate treatment/ avoid or prevent risk factors).

In our opinion, it would be necessary to create a multidisciplinary workgroup to develop guidelines for

the management of this infection in IBD patients: diagnosis, treatment and prevention strategies.
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Future research

Our proposals are:

- Prospective and multicentre studies in IBD patients to define risk groups with a worse evolution and
evaluate the best strategies for them based on the age of the patient, biological markers of severity,

and underlying comorbidities.

- Prospective and controlled multicenter studies to evaluate the best treatment option for each
subgroup of our IBD patients based on the risk of recurrence, the number of episodes and their

severity.

- Prospective studies of CDI treatment specifically in IBD patients: use of combined antibiotics and

immunosuppressant treatment compared with antibiotics alone.

- Clinical studies are required to compare vancomycin and fidaxomicin for reducing recurrent CDI.

- Investigate the differences in risk profiles between IBD patients and the general population in Spain.

- It would be interesting to investigate the role that calprotectin could play in CDI in IBD patients.

- Study the role of vitamin D supplementation to prevent CDI with randomized and controlled trials
We need to work together; it would be necessary to create a multidisciplinary workgroup to study

the best management of CDI and elaborate specific protocols about the best diagnosis methods, specific

risk factors and specific treatments. This study is a first step in the study of CDI in Spanish IBD patients.

We need to performance multicenter, prospective studies to evaluate the specific risk factors in IBD.
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8. Appendices

Table 1: Clinical features CDI

(Extracted from: European Society of Clinical Microbiology and Infectious Disease: update of the

treatment guidance document for Clostridium difficile infection; 2014)

Sign/symptom Definition

Diarrhoea Loose stools, i.e. taking the shape of the receptacle or corresponding to Bristol stool chart types 5-7, plus a stool frecuency of
three stools in 24 or fewer consecutive hours or more frequently than is normal for the individual.

Ileus Signs of severely disturbed bowel function such as vomiting and absence of stool with radiological signs of bowel distension

Toxic megacolon

response.

Radiological signs of distension of the colon (>6 cm in transverse width of colon) and signs of severe systemic inflammatory

Table 2: Prognostic markers we can use to determine the risk of developing a severe CDI

(Extracted from: European Society of Clinical Microbiology and Infectious Disease: update of the

treatment guidance document for Clostridium difficile infection; 2014)

Characteristics SoR @ QoE Comment(s)

Age (=65 years) A IIr Large cohort study on CDI mortality at 30 days, and review of studies of factors associated with CDI
outcome [41]. Systematic review of studies describing the derivation or validation of Clinical
Prediction Rules for unfavourable outcomes of CDI [46]: in general methodological biases and weak
validities.

Marked leucocytosis A lIrht Systematic review [46]: in general methodological biases and weak validities.

(leucocyte count > 15x10°/L) Cohort study: severity score on malignancy, white blood cell count, blood albumin, and creatinine
[37]. Retrospective cohort study on risk factors for severe CDI: death <30 days, ICU, colectomy or
intestinal perforation [32].

Decreased blood albumin A IIr Systematic review [46]: in general methodological biases and weak validities.

(<30g/L)

Rise in serum creatinine level A IIht Depending on the timing of measurement around CDI diagnosis [45]

(2133 puM or 21,5 times the

premorbid level)

Comorbidity (severe B IIht Comorbidity wide variety of risk factors described/investigated, including cancer, cognitive

underlying disease and/or impairment, cardiovascular, respiratory and kidney disease [41]. Chronic pulmonary disease, chronic

inmunodeficiency)

renal disease and diabetes mellitus [66]. History of malignancy [37]. Previous operative therapy,
inflammatory bowel disease and intravenous immunoglobulin treatment [63]

AsoR: degree of recommendation to use a (clinical) characteristic as a prognostic marker
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Table 3: Prognostic markers we can use to determine risk of recurrent CDI

(Extracted from: European Society of Clinical Microbiology and Infectious Disease: update of the
treatment guidance document for Clostridium difficile infection; 2014)

Characteristics SoR? QoE Comment(s)

Age (>65 years) A lirh Meta-analysis: [43].
Systematic review [46].
Prospective validation study of risk factors: [42].

Continued use of (non-CDI) A lirh Meta-analysis: [43]

antibiotics after diagnosis of Prospective validation study of risk factors: [42].

CDI  and/or after CDI

treatment

Comorbidity (severe A Ilh Prospective validation study of risk factors: comorbidity conditions rated by Horns” index (scoring
underlying disease) and/or system for underlying disease severity) [42].

renal failure

A history of previous CDI A It Data from randomized controlled trials [26,70]

(more than one recurrence) Meta-analysis of pivotal randomized controlled trials [40]
Concomitant use of antiacid B lirh Meta-analysis on recurrent CDI [43].

medications (proton pump Meta-analysis on CDI [72]

inhibitors)

Initial disease severity B lith Prospective validation study of risk factors: [42].

Long-term population based cohort study [67]

AsoR: degree of recommendation to use a (clinical) characteristic as a prognostic marker

Table 4: Recommendations on oral AB treatment of first episode of non-severe CDI

(Extracted from: European Society of Clinical Microbiology and Infectious Disease: update of the
treatment guidance document for Clostridium difficile infection; 2014)

Treatment SoR QoE Commnent(s)
Metronidazole, 500 mg three times daily A | No statistically significant difference in cure rate between metronidazole and vancomycin
10 days or teicoplanin

Statistically significant difference in sustained clinical cure between metronidazole and
vancomycin in favour of vancomycin in one study (and pooled results of two randomized
controlled trials published only in abstract form

Vancomycin, 125 mg four times daily 10 B | Cochrane analysis: teicoplanin significantly better than vancomycin for bacteriological
days cure and borderline superior in terms of symptomatic cure
Fidaxomicin, 200 mg twice daily 10 days B | Evidence limited to two Phase Il studies. Fewer recurrences as compared to vancomycin,

except C. difficile CRP ribotype 027

Vancomycin, 500 mg four times daily 10 C | Vancomycin: Equal cure rate 500 mg four times daily orally compared with 125 mg four
days times daily orally.

Stop inducins antibiotic(s) and observe C 1] Rate of spontaneous resolution unknown in mild CDI.

the clinical response for 48h Studies performed before increased incidence of hypervirulent strains.
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Table 5: Recommendations on oral antibiotic treatment of initial severe CDI

(Extracted from: European Society of Clinical Microbiology and Infectious Disease: update of the

treatment guidance document for Clostridium difficile infection; 2014)

Treatment SoR QoE Commnent(s)

Vancomycin, 125 mg four times daily for A | Cure rate higher as compared with metronidazole in severe CDI

10 days

Vancomycin 500 mg four B 111 (1a) Randomized controlled trial on dose effectiveness: no significant differences in

times daily for 10 days measurable responses of
high-dose compared to low-dose regimens. However: results not stratified for severity
of illness

Fidaxomicin, 200 mg twice daily 10 days B | Evidence limited to two Phase Ill studies [70,91].
Fewer recurrences compared with vancomycin 125 mg four times daily in severe disease
(except for CRP

ribotype 027). No data on the efficacy in severe life-threatening disease and/or toxic
megacolon: excluded
from both studies.

Metronidazole, 500 mg D | Differences in symptomatic cure of metronidazole versus vancomycin not statistically
three times daily for 10 significant in a pooled
days analysis [2]. ICU admission and hypoalbuminaemia (= disease severity) predictors of

metronidazole failure

Table 6: Recommendations on oral antibiotic treatment

For mild/moderate first episode of CDI but with risk for recurrence or recommendation for first

recurrence

(Extracted from: European Society of Clinical Microbiology and Infectious Disease: update of the

treatment guidance document for Clostridium difficile infection; 2014)

Treatment SoR QoE Commnent(s)

Vancomycin, 125 mg four times B | No statistically significant difference in recurrence rate between vancomycin and
daily for 10 days teicoplanin

Fidaxomicin, 200 mg twice B | Evidence limited to two Phase Il Studies

daily for 10 days Retrospective subset analysis: fewer secondary recurrences with fidaxomicin (n = 16/79

patients) as

compared with vancomycin (n = 26/80 patients) after treatment of a first recurrence
Fidaxomicin was not associated with fewer recurrences in CDI due to CRP ribotype 027
as opposed to non-027.

Metronidazole, 500 mg three times c | Recurrence rate: metronidazole not inferior to vancomycin for treatment of mild primary
daily for 10 days CDI
Or after a first recurrence. Vancomycin significantly more effective in bacteriological cure
than metronidazole in recurrent CDI.

Vancomycin, 500 mg four times C 1} One randomized controlled trial on dose effectiveness in primary CDI: no significant
daily for 10 days differences in
responses of high-dose compared with low-dose regimens vancomycin. However,
results not stratified
for recurrent CDI
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Table 7: Recommendations on oral antibiotic

For treatment of multiple recurrent CDI (more than one relapse)

(Extracted from: European Society of Clinical Microbiology and Infectious Disease: update of the
treatment guidance document for Clostridium difficile infection; 2014)

Treatment SoR QoE Commnent(s)
Vancomycin, 125 mg four times daily B it Retrospective case cohort of two placebo/antibiotic trials [Observational study:
for 10 days, followed by pulse regimen Expert opinion

(125-500 mg/day every 2—3 days) for
at least 3 weeks.

Vancomycin, 125 mg four times daily B it ] Retrospective case cohort of two placebo/antibiotic trials. Observational study:.
for 10 days, followed by taper regimen: Expert opinion

gradually decreasing the dose to

125 mg per day.

Fidaxomicin, 200 mg twice daily for B lirt Evidence limited to two Phase Il studies.

10 days Retrospective subset analysis: fewer recurrences as compared to vancomycin
treatment after first recurrence. Systematic review.
Efficacy after multiple recurrences was not investigated

Vancomycin, 500 mg four times daily C lirt Retrospective case cohort of two placebo/antibiotic trials. Trend for lower recurrence
for 10 days frequency for high-dose vancomycin. Systematic review

Metronidazole, 500 mg three times daily D lirt Retrospective case cohort of two placebo/antibiotic trials. ]. Trend for lower recurrence
for 10 days frequency for high-dose vancomycin and low-dose metronidazole. Systematic review

Table 8: Recommendations on non-antibiotic treatment

In combination with antibiotic treatment or recurrent CDI (more than one relapse)

(Extracted from: European Society of Clinical Microbiology and Infectious Disease: update of the
treatment guidance document for Clostridium difficile infection; 2014)

Type of intervention Treatment SoR QoE Commnent(s)

Faecal or bacterial instillation Vancomycin, 500 mg four times A | Also many observational studies and meta-analyses.
daily,
4 days + bowel lavage +
nasoduodenal

infusion donor faeces

Probiotics Vancomycin or metronidazole + D | Comparison of relapse rates: in subgroup analysis efficacy in
Saccharomyces boulardii recurrent
CDI, but not in initial CDI. Evidence-based review

Vancomycin or metronidazole + D | Evidence-based review
Lactobacillus spp

Passive immunotherapy with Colostral immune whey D | Study interrupted early
immune whey
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Table 9: Recommendations on non-oral antibiotic treatment of initial CDI: mild and

severe disease

(Extracted from.: European Society of Clinical Microbiology and Infectious Disease: update of the

treatment guidance document for Clostridium difficile infection; 2014)

Patient subgroup Treatment SoR QoE Commnent(s)
Non-severe disease. Intravenous metronidazole 500 mg A llu Retrospective uncontrolled study
three times daily for 10 days
Severe disease and/or Intravenous metronidazole 500 mg A lliru Retrospective uncontrolled study
complicated three times daily for 10 days +
or refractory CDI
vancomycin retention enema 500 mg B ] Systematic review
in 100 mL normal saline four times Expert opinion
daily intracolonic for 10 days
Intravenous metronidazole 500 mg A llru Retrospective uncontrolled study
three times daily for 10 days +
vancomycin 500 mg in 100 mL normal B n Retrospective uncontrolled study. Systematic review. Expert opinion
saline four times daily by
oral/nasogastric tube for 10 days
Intravenous tigecycline 50 mg twice C I Observational study/case report

daily for 14 day

Table 10: Recommendations on alternative treatments for first episode of CDI

(Extracted from: European Society of Clinical Microbiology and Infectious Disease: update of the

treatment guidance document for Clostridium difficile infection; 2014.

Type of intervention Treatment SoR QoE Commnent(s)

Immunotherapy Human monoclonal C | Evidence limited to Phase Il randomized controlled trial.
antibodies Primary endpoint changed during study.
against TcdA and TcdB Reduced recurrence of CDI: analysis for recurrence only
with performed
standard oral in those who were cured, received >7 days of
antimicrobial antimicrobial therapy and
therapy did not receive intravenous gammaglobulins
(metronidazole and
vancomycin)
Passive C Il Observational study: 101 CDI patients (40% recurrent
immunotherapy with CDI).
immune whey after Results suggest reduction in recurrence rate.
standard
oral antimicrobial
therapy

Probiotics Oral vancomycin or D | Comparison of relapse rates: in subgroup analysis efficacy
oral in recurrent CDI, but not in initial CDI.
metronidazole + Evidence-based review
Saccharomyces
boulardii

161



162



Bibliography



164



9. Bibliography

1. Van Assche G, Dignass A, Reinisch W, van der Woude CJ, Sturm A, De Vos M, et al.
The second European evidence-based Consensus on the diagnosis and management of Crohn's
disease: Special situations. J Crohns Colitis. 2010;4(1):63-101.

2. Malnick S, Melzer E. Human microbiome: From the bathroom to the bedside. World J
Gastrointest Pathophysiol. 2015;6(3):79-85.

3. Songer JG. Clostridia as agents of zoonotic disease. Vet Microbiol. 2010;140(3-4):399-
404.

4. Songer JG, Anderson MA. Clostridium difficile: an important pathogen of food animals.
Anaerobe. 2006;12(1):1-4.

5. Songer JG. The emergence of Clostridium difficile as a pathogen of food animals. Anim
Health Res Rev. 2004;5(2):321-6.

6. Rupnik M. Is Clostridium difficile-associated infection a potentially zoonotic and
foodborne disease? Clin Microbiol Infect. 2007;13(5):457-9.

7. Songer JG, Trinh HT, Killgore GE, Thompson AD, McDonald LC, Limbago BM.
Clostridium difficile in retail meat products, USA, 2007. Emerg Infect Dis. 2009;15(5):819-21.
8. Mooyottu S, Flock G, Kollanoor-Johny A, Upadhyaya I, Jayarao B, Venkitanarayanan
K. Characterization of a multidrug resistant C. difficile meat isolate. Int J Food Microbiol.
2015;192:111-6.

9. Kotila SM, Pitkanen T, Brazier J, Eerola E, Jalava J, Kuusi M, et al. Clostridium difficile
contamination of public tap water distribution system during a waterborne outbreak in Finland.
Scand J Public Health. 2013;41(5):541-5.

10. Steyer A, Gutierrez-Aguirre I, Racki N, Beigot Glaser S, Brajer Humar B, Strazar M, et
al. The Detection Rate of Enteric Viruses and Clostridium difficile in a Waste Water Treatment
Plant Effluent. Food Environ Virol. 2015.

11. Dumford DM, 3rd, Nerandzic MM, Eckstein BC, Donskey CJ. What is on that
keyboard? Detecting hidden environmental reservoirs of Clostridium difficile during an
outbreak associated with North American pulsed-field gel electrophoresis type 1 strains. Am J
Infect Control. 2009;37(1):15-9.

12. Al S, Muzslay M, Wilson P. A Novel Quantitative Sampling Technique for Detection
and Monitoring of Clostridium difficile Contamination in the Clinical Environment. J Clin
Microbiol. 2015;53(8):2570-4.

13. Xu C, Weese SJ, Namvar A, Warriner K. Sanitary status and incidence of methicillin-
resistant Staphylococcus aureus and Clostridium difficile within Canadian hotel rooms. J
Environ Health. 2015;77(8):8-15.

14. Sooklal S, Khan A, Kannangara S. Hospital Clostridium difficile outbreak linked to
laundry machine malfunction. Am J Infect Control. 2014;42(6):674-5.

15. Bartlett JG, Moon N, Chang TW, Taylor N, Onderdonk AB. Role of Clostridium
difficile in antibiotic-associated pseudomembranous colitis. Gastroenterology. 1978;75(5):778-
82.

16.  Rupnik M, Dupuy B, Fairweather NF, Gerding DN, Johnson S, Just I, et al. Revised
nomenclature of Clostridium difficile toxins and associated genes. J Med Microbiol. 2005;54(Pt
2):113-7.

17. Goncalves C, Decre D, Barbut F, Burghoffer B, Petit JC. Prevalence and
characterization of a binary toxin (actin-specific ADP-ribosyltransferase) from Clostridium
difficile. J Clin Microbiol. 2004;42(5):1933-9.

165



18.  Freeman HJ. Recent developments on the role of Clostridium difficile in inflammatory
bowel disease. World J Gastroenterol. 2008;14(18):2794-6.

19. Goorhuis A, Debast SB, Dutilh JC, van Kinschot CM, Harmanus C, Cannegieter SC, et
al. Type-specific risk factors and outcome in an outbreak with 2 different Clostridium difficile
types simultaneously in 1 hospital. Clin Infect Dis. 2011;53(9):860-9.

20. Cairns MD, Preston MD, Lawley TD, Clark TG, Stabler RA, Wren BW. Genomic
epidemiology of a protracted hospital outbreak caused by a toxin A negative, Clostridium
difficile sublineage PCR Ribotype 017 strain in London, England. J Clin Microbiol. 2015.

21. Gerding DN, Johnson S, Rupnik M, Aktories K. Clostridium difficile binary toxin CDT:
mechanism, epidemiology, and potential clinical importance. Gut Microbes. 2014;5(1):15-27.

22. Stahlmann J, Schonberg M, Herrmann M, von Muller L. Detection of nosocomial
Clostridium difficile infections with toxigenic strains despite negative toxin A and B testing on
stool samples. Clin Microbiol Infect. 2014;20(9):0590-2.

23. Indra A, Huhulescu S, Fiedler A, Kernbichler S, Blaschitz M, Allerberger F. Outbreak
of Clostridium difficile 027 infection in Vienna, Austria 2008-2009. Euro Surveill.
2009;14(17).

24, Loo VG, Poirier L, Miller MA, Oughton M, Libman MD, Michaud S, et al. A
predominantly clonal multi-institutional outbreak of Clostridium difficile-associated diarrhea
with high morbidity and mortality. N Engl J] Med. 2005;353(23):2442-9.

25. McEllistrem MC, Carman RJ, Gerding DN, Genheimer CW, Zheng L. A hospital
outbreak of Clostridium difficile disease associated with isolates carrying binary toxin genes.
Clin Infect Dis. 2005;40(2):265-72.

26.  Allegretti JR, Hamilton MJ. Restoring the gut microbiome for the treatment of
inflammatory bowel diseases. World J Gastroenterol. 2014;20(13):3468-74.

217. Tremaine WJ. Inflammatory Bowel Disease and Clostridium difficile-associated
diarrhea: a growing problem. Clin Gastroenterol Hepatol. 2007;5(3):310-1.

28.  van Nood E, Speelman P, Nieuwdorp M, Keller J. Fecal microbiota transplantation:
facts and controversies. Curr Opin Gastroenterol. 2014;30(1):34-9.

29. Seicean A, Moldovan-Pop A, Seicean R. Ulcerative colitis worsened after Clostridium
difficile infection: efficacy of infliximab. World J Gastroenterol. 2014;20(17):5135-40.

30. Welfare MR, Lalayiannis LC, Martin KE, Corbett S, Marshall B, Sarma JB. Co-
morbidities as predictors of mortality in Clostridium difficile infection and derivation of the
ARC predictive score. J Hosp Infect. 2011;79(4):359-63.

31. Kelsen JR, Kim J, Latta D, Smathers S, McGowan KL, Zaoutis T, et al. Recurrence rate
of clostridium difficile infection in hospitalized pediatric patients with inflammatory bowel
disease. Inflamm Bowel Dis. 2011;17(1):50-5.

32. Banaszkiewicz A, Pituch H. Clostridium difficile infection in children with
inflammatory bowel disease: current evidence. Curr Pharm Des. 2014;20(28):4549-55.

33. Banaszkiewicz A, Kowalska-Duplaga K, Pytrus T, Pituch H, Radzikowski A.
Clostridium difficile infection in newly diagnosed pediatric patients with inflammatory bowel
disease: prevalence and risk factors. Inflamm Bowel Dis. 2012;18(5):844-8.

34.  Mir SA, Kellermayer R. Clostridium difficile infection in newly diagnosed pediatric
inflammatory bowel disease in the mid-southern United States. J Pediatr Gastroenterol Nutr.
2013;57(4):487-8.

35. Pascarella F, Martinelli M, Miele E, Del Pezzo M, Roscetto E, Staiano A. Impact of
Clostridium difficile infection on pediatric inflammatory bowel disease. J Pediatr.
2009;154(6):854-8.

166



36.  Bien J, Palagani V, Bozko P. The intestinal microbiota dysbiosis and Clostridium
difficile infection: is there a relationship with inflammatory bowel disease? Therap Adv
Gastroenterol. 2013;6(1):53-68.

37. Crews JD, Anderson LR, Waller DK, Swartz MD, DuPont HL, Starke JR. Risk Factors
for Community-Associated Clostridium difficile Associated Diarrhea in Children. Pediatr
Infect Dis J. 2015.

38. Hourigan SK, Chen LA, Grigoryan Z, Laroche G, Weidner M, Sears CL, et al.
Microbiome changes associated with sustained eradication of Clostridium difficile after single
faecal microbiota transplantation in children with and without inflammatory bowel disease.
Aliment Pharmacol Ther. 2015;42(6):741-52.

39. Rodemann JF, Dubberke ER, Reske KA, Seo da H, Stone CD. Incidence of Clostridium
difficile infection in inflammatory bowel disease. Clin Gastroenterol Hepatol. 2007;5(3):339-
44,

40.  Berg AM, Kelly CP, Farraye FA. Clostridium difficile infection in the inflammatory
bowel disease patient. Inflamm Bowel Dis. 2013;19(1):194-204.

41.  Ananthakrishnan AN, Binion DG. Clostridium difficile and inflammatory bowel
disease: more questions than answers? Inflamm Bowel Dis. 2010;16(8):1445-6.

42, Goodhand JR, Alazawi W, Rampton DS. Systematic review: Clostridium difficile and
inflammatory bowel disease. Aliment Pharmacol Ther. 2011;33(4):428-41.

43.  IssaM, Vijayapal A, Graham MB, Beaulieu DB, Otterson MF, Lundeen S, et al. Impact
of Clostridium difficile on inflammatory bowel disease. Clin Gastroenterol Hepatol.
2007;5(3):345-51.

44, Berdichevski T, Barshack I, Bar-Meir S, Ben-Horin S. Pseudomembranes in a patient
with flare-up of inflammatory bowel disease (IBD): is it only Clostridium difficile or is it still
an IBD exacerbation? Endoscopy. 2010;42 Suppl 2:E131.

45. Ben-Horin S, Margalit M, Bossuyt P, Maul J, Shapira Y, Bojic D, et al. Prevalence and
clinical impact of endoscopic pseudomembranes in patients with inflammatory bowel disease
and Clostridium difficile infection. J Crohns Colitis. 2010;4(2):194-8.

46. Rao K, Micic D, Natarajan M, Winters S, Kiel MJ, Walk ST, et al. Clostridium difficile
ribotype 027: relationship to age, detectability of toxins A or B in stool with rapid testing, severe
infection, and mortality. Clin Infect Dis. 2015;61(2):233-41.

47, Kaneko T, Matsuda R, Taguri M, Inamori M, Ogura A, Miyajima E, et al. Clostridium
difficile infection in patients with ulcerative colitis: investigations of risk factors and efficacy
of antibiotics for steroid refractory patients. Clin Res Hepatol Gastroenterol. 2011;35(4):315-
20.

48. Ott C, Girlich C, Klebl F, Plentz A, Iesalnieks I, Scholmerich J, et al. Low risk of
Clostridium difficile infections in hospitalized patients with inflammatory bowel disease in a
German tertiary referral center. Digestion. 2011;84(3):187-92.

49, Masclee GM, Penders J, Jonkers DM, Wolffs PF, Pierik MJ. Is clostridium difficile
associated with relapse of inflammatory bowel disease? results from a retrospective and
prospective cohort study in the Netherlands. Inflamm Bowel Dis. 2013;19(10):2125-31.

50.  Hourigan SK, Oliva-Hemker M, Hutfless S. The prevalence of Clostridium difficile
infection in pediatric and adult patients with inflammatory bowel disease. Dig Dis Sci.
2014;59(9):2222-7.

51.  Sandberg KC, Davis MM, Gebremariam A, Adler J. Disproportionate rise in
Clostridium difficile-associated hospitalizations among US youth with inflammatory bowel
disease, 1997-2011. J Pediatr Gastroenterol Nutr. 2015;60(4):486-92.

167



52. Stoica O, Trifan A, Cojocariu C, Girleanu I, Maxim R, Stanciu MC. Incidence and risk
factors of Clostridium difficile infection in patients with inflammatory bowel disease. Rev Med
Chir Soc Med Nat Iasi. 2015;119(1):81-6.

53. Pant C, Anderson MP, Deshpande A, Altaf MA, Grunow JE, Atreja A, et al. Health care
burden of Clostridium difficile infection in hospitalized children with inflammatory bowel
disease. Inflamm Bowel Dis. 2013;19(5):1080-5.

54. Mezoff E, Mann EA, Hart KW, Lindsell CJ, Cohen MB. Clostridium difficile infection
and treatment in the pediatric inflammatory bowel disease population. J Pediatr Gastroenterol
Nutr. 2011;52(4):437-41.

55. Martinelli M, Strisciuglio C, Veres G, Paerregaard A, Pavic AM, Aloi M, et al.
Clostridium difficile and pediatric inflammatory bowel disease: a prospective, comparative,
multicenter, ESPGHAN study. Inflamm Bowel Dis. 2014;20(12):2219-25.

56. Nicholson MR, Thomsen IP, Slaughter JC, Creech CB, Edwards KM. Novel risk factors
for recurrent Clostridium difficile infection in children. J Pediatr Gastroenterol Nutr.
2015;60(1):18-22.

57.  Waultanska D, Banaszkiewicz A, Radzikowski A, Obuch-Woszczatynski P, Mlynarczyk
G, Brazier JS, et al. Clostridium difficile infection in Polish pediatric outpatients with
inflammatory bowel disease. Eur J Clin Microbiol Infect Dis. 2010;29(10):1265-70.

58.  Bossuyt P, Verhaegen J, Van Assche G, Rutgeerts P, Vermeire S. Increasing incidence
of Clostridium difficile-associated diarrhea in inflammatory bowel disease. J Crohns Colitis.
2009;3(1):4-7.

59. Hojsak I, Ferenc T, Bojanic K, Misak Z, Mocic Pavic A, Lukic-Grlic A, et al. Incidence
of Clostridium difficile infection in children with inflammatory bowel disease compared to
oncology and immunocompetent patients. Digestion. 2012;86(1):6-11.

60. Shakir FA, Ali T, Bigham AC, Ballard JD, Miner PB, Jr., Philpott JR. Determination of
serum antibodies to Clostridium difficile toxin B in patients with inflammatory bowel disease.
Gastroenterol Hepatol (N Y). 2012;8(5):313-7.

61. Connelly TM, Koltun WA, Sangster W, Berg AS, Hegarty JP, Harris L, 3rd, et al. An
interleukin-4 polymorphism is associated with susceptibility to Clostridium difficile infection
in patients with inflammatory bowel disease: results of a retrospective cohort study. Surgery.
2014;156(4):769-74.

62. Ananthakrishnan AN, Cagan A, Gainer VS, Cheng SC, Cai T, Szolovits P, et al. Higher
plasma vitamin D is associated with reduced risk of Clostridium difficile infection in patients
with inflammatory bowel diseases. Aliment Pharmacol Ther. 2014;39(10):1136-42.

63. Aldeyab MA, Devine MJ, Flanagan P, Mannion M, Craig A, Scott MG, et al.
Multihospital outbreak of Clostridium difficile ribotype 027 infection: epidemiology and
analysis of control measures. Infect Control Hosp Epidemiol. 2011;32(3):210-9.

64. Bacci S, St-Martin G, Olesen B, Bruun B, Olsen KE, Nielsen EM, et al. Outbreak of
Clostridium difficile 027 in North Zealand, Denmark, 2008-2009. Euro Surveill. 2009;14(16).

65.  Debast SB, Vaessen N, Choudry A, Wiegers-Ligtvoet EA, van den Berg RJ, Kuijper EJ.
Successful combat of an outbreak due to Clostridium difficile PCR ribotype 027 and
recognition of specific risk factors. Clin Microbiol Infect. 2009;15(5):427-34.

66. Miron L, Filimon R, Petrariu FD, Matei MC. Clostridium difficile epidemic outbreak in
an oncology unit. Rev Med Chir Soc Med Nat lasi. 2014;118(1):165-70.

67. Pazos R, Isusi A, Fernandez R, Barbeito L, Bravo A, Canton I, et al. [Nosocomial
diarrhea outbreak due to Clostridium difficile in a vascular surgery department]. Enferm Infecc
Microbiol Clin. 2003;21(5):237-41.

168



68. Ratnayake L, McEwen J, Henderson N, Nathwani D, Phillips G, Brown D, et al. Control
of an outbreak of diarrhoea in a vascular surgery unit caused by a high-level clindamycin-
resistant Clostridium difficile PCR ribotype 106. J Hosp Infect. 2011;79(3):242-7.

69. Salgado CD, Mauldin PD, Fogle PJ, Bosso JA. Analysis of an outbreak of Clostridium
difficile infection controlled with enhanced infection control measures. Am J Infect Control.
2009;37(6):458-64.

70. Van Esch G, Van Broeck J, Delmee M, Catry B. Surveillance of Clostridium difficile
infections in a long-term care psychogeriatric facility: outbreak analysis and policy
improvement. Arch Public Health. 2015;73(1):18.

71.  Wong-McClure RA, Ramirez-Salas E, Mora-Brenes N, Aguero-Sandi L, Morera-Sigler
M, Badilla-Vargas X, et al. Long term effect of infection control practices and associated factors
during a major Clostridium difficile outbreak in Costa Rica. J Infect Dev Ctries.
2013;7(12):914-21.

72. Aldrete Sdel M, Magee MJ, Friedman-Moraco RJ, Chan AW, Banks GG, Burd EM, et
al. Characteristics and Antibiotic Use Associated With Short-Term Risk of Clostridium difficile
Infection Among Hospitalized Patients. Am J Clin Pathol. 2015;143(6):895-900.

73.  Daniel A, Rapose A. The evaluation of Clostridium difficile infection (CDI) in a
community hospital. J Infect Public Health. 2015;8(2):155-60.

74. Larentis DZ, Rosa RG, Dos Santos RP, Goldani LZ. Outcomes and Risk Factors
Associated with Clostridium difficile Diarrhea in Hospitalized Adult Patients. Gastroenterol
Res Pract. 2015;2015:346341.

75. Balassiano IT, Dos Santos-Filho J, de Oliveira MP, Ramos MC, Japiassu AM, Dos Reis
AM, et al. An outbreak case of Clostridium difficile-associated diarrhea among elderly
inpatients of an intensive care unit of a tertiary hospital in Rio de Janeiro, Brazil. Diagn
Microbiol Infect Dis. 2010;68(4):449-55.

76. Shimizu H, Mori M, Yoshimoto N. Clostridium difficile Infection Is More Severe When
Toxin Is Detected in the Stool than When Detected Only by a Toxigenic Culture. Intern Med.
2015;54(17):2155-9.

77. Lihua Z, Danfeng D, Cen J, Xuefeng W, Yibing P. Clinical characterization and risk
factors of Clostridium difficile infection in elderly patients in a Chinese hospital. J Infect Dev
Ctries. 2015;9(4):381-7.

78. Molina Rueda MJ, Onieva Garcia MA, Jimenez Romano E, Fernandez Sierra MA.
[Outbreak of Clostridium difficile infection in a hematopoietic stem cell transplantation unit].
Med Clin (Barc). 2014;143(4):188-9.

79. Sato H, Kato H, Koiwai K, Sakai C. [A nosocomial outbreak of diarrhea caused by toxin
A-negative, toxin B-positive Clostridium difficile in a cancer center hospital]. Kansenshogaku
Zasshi. 2004;78(4):312-9.

80. Kazakova SV, Ware K, Baughman B, Bilukha O, Paradis A, Sears S, et al. A hospital
outbreak of diarrhea due to an emerging epidemic strain of Clostridium difficile. Arch Intern
Med. 2006;166(22):2518-24.

81. Liu NW, Shatagopam K, Monn MF, Kaimakliotis HZ, Cary C, Boris RS, et al. Risk for
Clostridium difficile infection after radical cystectomy for bladder cancer: Analysis of a
contemporary series. Urol Oncol. 2015.

82. Hikone M, Ainoda Y, Tago S, Fujita T, Hirai Y, Takeuchi K, et al. Risk factors for
recurrent hospital-acquired Clostridium difficile infection in a Japanese university hospital.
Clin Exp Gastroenterol. 2015;8:191-6.

83. Birgand G, Blanckaert K, Carbonne A, Coignard B, Barbut F, Eckert C, et al.
Investigation of a large outbreak of Clostridium difficile PCR-ribotype 027 infections in
northern France, 2006-2007 and associated clusters in 2008-2009. Euro Surveill. 2010;15(25).

169



84. Blot E, Escande MC, Besson D, Barbut F, Granpeix C, Asselain B, et al. Outbreak of
Clostridium difficile-related diarrhoea in an adult oncology unit: risk factors and
microbiological characteristics. J Hosp Infect. 2003;53(3):187-92.

85.  Echenique IA, Penugonda S, Stosor V, Ison MG, Angarone MP. Diagnostic yields in
solid organ transplant recipients admitted with diarrhea. Clin Infect Dis. 2015;60(5):729-37.
86. Lachowicz D, Szulencka G, Obuch-Woszczatynski P, van Belkum A, Pituch H. First
Polish outbreak of Clostridium difficile ribotype 027 infections among dialysis patients. Eur J
Clin Microbiol Infect Dis. 2015;34(1):63-7.

87. See I, Bagchi S, Booth S, Scholz D, Geller Al, Anderson L, et al. Outbreak of
Clostridium difficile Infections at an Outpatient Hemodialysis Facility-Michigan, 2012-2013.
Infect Control Hosp Epidemiol. 2015;36(8):972-4.

88. Koo HL, Ajami NJ, Jiang ZD, Dupont HL, Atmar RL, Lewis D, et al. A nosocomial
outbreak of norovirus infection masquerading as clostridium difficile infection. Clin Infect Dis.
2009;48(7):e75-7.

89. Zarowitz BJ, Allen C, O'Shea T, Strauss ME. Risk Factors, Clinical Characteristics, and
Treatment Differences Between Residents With and Without Nursing Home- and Non-Nursing
Home-Acquired Clostridium difficile Infection. ] Manag Care Spec Pharm. 2015;21(7):585-95.
90.  Wong-McClure RA, Abarca-Gomez L, Badilla-Vargas X, Guevara-Rodriguez M,
Solano-Chinchilla A, Marchena-Picado M, et al. Why were molecular studies not considered
to classify Clostridium difficile isolates implicated in an outbreak? Rev Panam Salud Publica.
2013;34(5):365.

91. Di Bella S, Friedrich AW, Garcia-Almodovar E, Gallone MS, Taglietti F, Topino S, et
al. Clostridium difficile infection among hospitalized HIV-infected individuals: epidemiology
and risk factors: results from a case-control study (2002-2013). BMC Infect Dis. 2015;15:194.
92. Souza Dias MB, Yamashiro J, Borrasca VL, Stempliuk VA, Araujo MR, Costa SF, et
al. Pseudo-outbreak of Clostridium difficile associated diarrhea (CDAD) in a tertiary-care
hospital. Rev Inst Med Trop Sao Paulo. 2010;52(3):133-7.

93.  Sammons JS, Toltzis P. Pitfalls in Diagnosis of Pediatric Clostridium difficile Infection.
Infect Dis Clin North Am. 2015;29(3):465-76.

94, Fiedoruk K, Daniluk T, Rozkiewicz D, Zaremba ML, Oldak E, Sciepuk M, et al.
Conventional and molecular methods in the diagnosis of community-acquired diarrhoea in
children under 5 years of age from the north-eastern region of Poland. Int J Infect Dis.
2015;37:145-51.

95. Unger JA, Whimbey E, Gravett MG, Eschenbach DA. The emergence of Clostridium
difficile infection among peripartum women: a case-control study of a C. difficile outbreak on
an obstetrical service. Infect Dis Obstet Gynecol. 2011;2011:267249.

96.  van der Wilden GM, Fagenholz PJ, Velmahos GC, Quraishi SA, Schipper IB, Camargo
CA, Jr. Vitamin D status and severity of Clostridium difficile infections: a prospective cohort
study in hospitalized adults. JPEN J Parenter Enteral Nutr. 2015;39(4):465-70.

97. Carignan A, Allard C, Pepin J, Cossette B, Nault V, Valiquette L. Risk of Clostridium
difficile infection after perioperative antibacterial prophylaxis before and during an outbreak of
infection due to a hypervirulent strain. Clin Infect Dis. 2008;46(12):1838-43.

98.  Clayton JJ, McHale-Owen J. Outbreak of Clostridium difficile ribotype 027 in a
residential home. J Hosp Infect. 2014;88(4):222-5.

99.  Leekha S, Aronhalt KC, Sloan LM, Patel R, Orenstein R. Asymptomatic Clostridium
difficile colonization in a tertiary care hospital: admission prevalence and risk factors. Am J
Infect Control. 2013;41(5):390-3.

170



100. Lin HJ, Hung YP, Liu HC, Lee JC, Lee CI, Wu YH, et al. Risk factors for Clostridium
difficile-associated diarrhea among hospitalized adults with fecal toxigenic C. difficile
colonization. J Microbiol Immunol Infect. 2015;48(2):183-9.

101. Kong LY, Dendukuri N, Schiller I, Bourgault AM, Brassard P, Poirier L, et al.
Predictors of asymptomatic Clostridium difficile colonization on hospital admission. Am J
Infect Control. 2015;43(3):248-53.

102. Sahay T, Ananthakrishnan AN. Vitamin D deficiency is associated with community-
acquired clostridium difficile infection: a case-control study. BMC Infect Dis. 2014;14:661.
103.  Quraishi SA, Litonjua AA, Moromizato T, Gibbons FK, Camargo CA, Jr., Giovannucci
E, et al. Association between prehospital vitamin D status and hospital-acquired Clostridium
difficile infections. JPEN J Parenter Enteral Nutr. 2015;39(1):47-55.

104. Nguyen GC, Kaplan GG, Harris ML, Brant SR. A national survey of the prevalence and
impact of Clostridium difficile infection among hospitalized inflammatory bowel disease
patients. Am J Gastroenterol. 2008;103(6):1443-50.

105. Ananthakrishnan AN, McGinley EL, Binion DG. Excess hospitalisation burden
associated with Clostridium difficile in patients with inflammatory bowel disease. Gut.
2008;57(2):205-10.

106. Jen MH, Saxena S, Bottle A, Aylin P, Pollok RC. Increased health burden associated
with Clostridium difficile diarrhoea in patients with inflammatory bowel disease. Aliment
Pharmacol Ther. 2011;33(12):1322-31.

107.  Ananthakrishnan AN, McGinley EL, Saeian K, Binion DG. Temporal trends in disease
outcomes related to Clostridium difficile infection in patients with inflammatory bowel disease.
Inflamm Bowel Dis. 2011;17(4):976-83.

108.  Ananthakrishnan AN, Binion DG. Impact of Clostridium difficile on inflammatory
bowel disease. Expert Rev Gastroenterol Hepatol. 2010;4(5):589-600.

109.  Ananthakrishnan AN. Detecting and treating Clostridium difficile infections in patients
with inflammatory bowel disease. Gastroenterol Clin North Am. 2012;41(2):339-53.

110. Navaneethan U, Mukewar S, Venkatesh PG, Lopez R, Shen B. Clostridium difficile
infection is associated with worse long term outcome in patients with ulcerative colitis. J Crohns
Colitis. 2012;6(3):330-6.

111. Ben-Horin S, Margalit M, Bossuyt P, Maul J, Shapira Y, Bojic D, et al. Combination
immunomodulator and antibiotic treatment in patients with inflammatory bowel disease and
clostridium difficile infection. Clin Gastroenterol Hepatol. 2009;7(9):981-7.

112.  Vendetti N, Zaoutis T, Coffin SE, Sammons JS. Risk Factors for In-Hospital Mortality
among a Cohort of Children with Clostridium difficile Infection. Infect Control Hosp
Epidemiol. 2015:1-7.

113. Axelrad JE, Shah BJ. Clostridium difficile Infection in Inflammatory Bowel Disease: A
Nursing-Based Quality Improvement Strategy. J Healthc Qual. 2015.

114. Garey KW, Sethi S, Yadav Y, DuPont HL. Meta-analysis to assess risk factors for
recurrent Clostridium difficile infection. J Hosp Infect. 2008;70(4):298-304.

115. Bauer MP, Nibbering PH, Poxton IR, Kuijper EJ, van Dissel JT. Humoral immune
response as predictor of recurrence in Clostridium difficile infection. Clin Microbiol Infect.
2014;20(12):1323-8.

116. Yacyshyn MB, Reddy TN, Plageman LR, Wu J, Hollar AR, Yacyshyn BR. Clostridium
difficile recurrence is characterized by pro-inflammatory peripheral blood mononuclear cell
(PBMC) phenotype. J Med Microbiol. 2014;63(Pt 10):1260-73.

117. Zanella Terrier MC, Simonet ML, Bichard P, Frossard JL. Recurrent Clostridium
difficile infections: the importance of the intestinal microbiota. World J Gastroenterol.
2014;20(23):7416-23.

171



118. Kelly CP, LaMont JT. Clostridium difficile--more difficult than ever. N Engl J Med.
2008;359(18):1932-40.

119. Heimann SM, Vehreschild JJ, Cornely OA, Wisplinghoff H, Hallek M, Goldbrunner R,
et al. Economic burden of Clostridium difficile associated diarrhoea: a cost-of-illness study
from a german tertiary care hospital. Infection. 2015.

120. Pepin J, Alary ME, Valiquette L, Raiche E, Ruel J, Fulop K, et al. Increasing risk of
relapse after treatment of Clostridium difficile colitis in Quebec, Canada. Clin Infect Dis.
2005;40(11):1591-7.

121.  Musher DM, Nuila F, Logan N. The long-term outcome of treatment of Clostridium
difficile colitis. Clin Infect Dis. 2007;45(4):523-4.

122. Deshpande A, Pasupuleti V, Thota P, Pant C, Rolston DD, Hernandez AV, et al. Risk
factors for recurrent Clostridium difficile infection: a systematic review and meta-analysis.
Infect Control Hosp Epidemiol. 2015;36(4):452-60.

123.  Abou Chakra CN, Pepin J, Sirard S, Valiquette L. Risk factors for recurrence,
complications and mortality in Clostridium difficile infection: a systematic review. PLoS One.
2014;9(6):€98400.

124. Tschudin-Sutter S, Tamma PD, Milstone AM, Perl TM. Predictors of first recurrence of
Clostridium difficile infections in children. Pediatr Infect Dis J. 2014;33(4):414-6.

125. Kociolek LK, Palac HL, Patel SJ, Shulman ST, Gerding DN. Risk Factors for Recurrent
Clostridium difficile Infection in Children: A Nested Case-Control Study. J Pediatr.
2015;167(2):384-9.

126. Salva S, Duran N, Rodriguez V, Nieto L, Serra J, Rello J, et al. Clostridium difficile in
the ICU: study of the incidence, recurrence, clinical characteristics and complications in a
university hospital. Med Intensiva. 2014;38(3):140-5.

127. Ramanathan S, Johnson S, Burns SP, Kralovic SM, Goldstein B, Smith B, et al.
Recurrence of Clostridium difficile infection among veterans with spinal cord injury and
disorder. Am J Infect Control. 2014;42(2):168-73.

128.  Hu MY, Katchar K, Kyne L, Maroo S, Tummala S, Dreisbach V, et al. Prospective
derivation and validation of a clinical prediction rule for recurrent Clostridium difficile
infection. Gastroenterology. 2009;136(4):1206-14.

129. Matsumoto K, Kanazawa N, Shigemi A, Ikawa K, Morikawa N, Koriyama T, et al.
Factors affecting treatment and recurrence of Clostridium difficile infections. Biol Pharm Bull.
2014;37(11):1811-5.

130. Jensen MB, Olsen KE, Nielsen XC, Hoegh AM, Dessau RB, Atlung T, et al. Diagnosis
of Clostridium difficile: real-time PCR detection of toxin genes in faecal samples is more
sensitive compared to toxigenic culture. Eur J Clin Microbiol Infect Dis. 2015;34(4):727-36.
131. Gilligan PH. Optimizing the Laboratory Diagnosis of Clostridium difficile Infection.
Clin Lab Med. 2015;35(2):299-312.

132. Litvin M, Reske KA, Mayfield J, McMullen KM, Georgantopoulos P, Copper S, et al.
Identification of a pseudo-outbreak of Clostridium difficile infection (CDI) and the effect of
repeated testing, sensitivity, and specificity on perceived prevalence of CDI. Infect Control
Hosp Epidemiol. 2009;30(12):1166-71.

133.  Cohen SH, Gerding DN, Johnson S, Kelly CP, Loo VG, McDonald LC, et al. Clinical
practice guidelines for Clostridium difficile infection in adults: 2010 update by the society for
healthcare epidemiology of America (SHEA) and the infectious diseases society of America
(IDSA). Infect Control Hosp Epidemiol. 2010;31(5):431-55.

134.  Song L, Zhao M, Duffy DC, Hansen J, Shields K, Wungjiranirun M, et al. Development
and Validation of Digital Enzyme-Linked Immunosorbent Assays for Ultrasensitive Detection

172



and Quantification of Clostridium difficile Toxins in Stool. J Clin Microbiol.
2015;53(10):3204-12.

135. Deshpande A, Pasupuleti V, Patel P, Pant C, Pagadala M, Hall G, et al. Repeat stool
testing for Clostridium difficile using enzyme immunoassay in patients with inflammatory
bowel disease increases diagnostic yield. Curr Med Res Opin. 2012;28(9):1553-60.

136.  Wilkins TD, Lyerly DM. Clostridium difficile testing: after 20 years, still challenging.
J Clin Microbiol. 2003;41(2):531-4.

137. Goldenberg SD, Cliff PR, Smith S, Milner M, French GL. Two-step glutamate
dehydrogenase antigen real-time polymerase chain reaction assay for detection of toxigenic
Clostridium difficile. J Hosp Infect. 2010;74(1):48-54.

138. Verhoye E, Vandecandelaere P, De Beenhouwer H, Coppens G, Cartuyvels R, Van den
Abeele A, et al. A hospital-level cost-effectiveness analysis model for toxigenic Clostridium
difficile detection algorithms. J Hosp Infect. 2015;91(2):123-8.

139. Krutova M, Nyc O. [Diagnosis of infections caused by Clostridium difficile in the Czech
Republic: availability, possibilities, and interpretation of laboratory results]. Epidemiol
Mikrobiol Imunol. 2015;64(2):92-7.

140. Lamouse-Smith ES, Weber S, Rossi RF, Neinstedt LJ, Mosammaparast N, Sandora TJ,
et al. Polymerase chain reaction test for Clostridium difficile toxin B gene reveals similar
prevalence rates in children with and without inflammatory bowel disease. J Pediatr
Gastroenterol Nutr. 2013;57(3):293-7.

141. Leibowitz J, Soma VL, Rosen L, Ginocchio CC, Rubin LG. Similar proportions of stool
specimens from hospitalized children with and without diarrhea test positive for Clostridium
difficile. Pediatr Infect Dis J. 2015;34(3):261-6.

142. Akbari M, Vodonos A, Silva G, Wungjiranirun M, Leffler DA, Kelly CP, et al. The
impact of PCR on Clostridium difficile detection and clinical outcomes. J Med Microbiol.
2015;64(9):1082-6.

143. Davies KA, Longshaw CM, Davis GL, Bouza E, Barbut F, Barna Z, et al.
Underdiagnosis of Clostridium difficile across Europe: the European, multicentre, prospective,
biannual, point-prevalence study of Clostridium difficile infection in hospitalised patients with
diarrhoea (EUCLID). Lancet Infect Dis. 2014;14(12):1208-19.

144. Krishnarao A, de Leon L, Bright R, Moniz H, Law M, Leleiko N, et al. Testing for
Clostridium difficile in patients newly diagnosed with inflammatory bowel disease in a
community setting. Inflamm Bowel Dis. 2015;21(3):564-9.

145. Gonzalez-Abad MJ, Alonso-Sanz M. [New methodological advances: algorithm
proposal for management of Clostridium difficile infection]. Rev Esp Quimioter.
2015;28(3):157-9.

146. van Prehn J, Vandenbroucke-Grauls CM, van Beurden YH, van Houdt R, Vainio S, Ang
CW. Diagnostic yield of repeat sampling with immunoassay, real-time PCR, and toxigenic
culture for the detection of toxigenic Clostridium difficile in an epidemic and a non-epidemic
setting. Eur J Clin Microbiol Infect Dis. 2015.

147. Iv EC, lLii EC, Johnson DA. Clinical update for the diagnosis and treatment of
Clostridium difficile infection. World J Gastrointest Pharmacol Ther. 2014;5(1):1-26.

148. Bomers MK, van Agtmael MA, Luik H, Vandenbroucke-Grauls CM, Smulders YM. A
detection dog to identify patients with Clostridium difficile infection during a hospital outbreak.
J Infect. 2014;69(5):456-61.

149. Bomers MK, Menke FP, Savage RS, Vandenbroucke-Grauls CM, van Agtmael MA,
Covington JA, et al. Rapid, accurate, and on-site detection of C. difficile in stool samples. Am
J Gastroenterol. 2015;110(4):588-94.

173



150. Steiner TS, Flores CA, Pizarro TT, Guerrant RL. Fecal lactoferrin, interleukin-1beta,
and interleukin-8 are elevated in patients with severe Clostridium difficile colitis. Clin Diagn
Lab Immunol. 1997;4(6):719-22.

151. Bauer MP, Kuijper EJ, van Dissel JT, European Society of Clinical M, Infectious D.
European Society of Clinical Microbiology and Infectious Diseases (ESCMID): treatment
guidance document for Clostridium difficile infection (CDI). Clin Microbiol Infect.
2009;15(12):1067-79.

152. Debast SB, Bauer MP, Kuijper EJ, European Society of Clinical M, Infectious D.
European Society of Clinical Microbiology and Infectious Diseases: update of the treatment
guidance document for Clostridium difficile infection. Clin Microbiol Infect. 2014;20 Suppl
2:1-26.

153.  Yanai H, Nguyen GC, Yun L, Lebwohl O, Navaneethan U, Stone CD, et al. Practice of
gastroenterologists in treating flaring inflammatory bowel disease patients with clostridium
difficile: antibiotics alone or combined antibiotics/immunomodulators? Inflamm Bowel Dis.
2011;17(7):1540-6.

154. Pepin J. Improving the treatment of Clostridium difficile-associated disease: where
should we start? Clin Infect Dis. 2006;43(5):553-5.

155. Terhes G, Maruyama A, Latkoczy K, Szikra L, Konkoly-Thege M, Princz G, et al. In
vitro antibiotic susceptibility profile of Clostridium difficile excluding PCR ribotype 027
outbreak strain in Hungary. Anaerobe. 2014;30:41-4.

156. Hu MY, Maroo S, Kyne L, Cloud J, Tummala S, Katchar K, et al. A prospective study
of risk factors and historical trends in metronidazole failure for Clostridium difficile infection.
Clin Gastroenterol Hepatol. 2008;6(12):1354-60.

157. Horton HA, Dezfoli S, Berel D, Hirsch J, Ippoliti A, McGovern D, et al. Antibiotics for
Treatment of Clostridium difficile Infection in Hospitalized Patients with Inflammatory Bowel
Disease. Antimicrob Agents Chemother. 2014;58(9):5054-9.

158. Ensom MH, Decarie D, Lakhani A. Stability of Vancomycin 25 mg/mL in Ora-Sweet
and Water in Unit-Dose Cups and Plastic Bottles at 4 degrees C and 25 degrees C. Can J Hosp
Pharm. 2010;63(5):366-72.

159. Pepin J, Valiquette L, Gagnon S, Routhier S, Brazeau I. Outcomes of Clostridium
difficile-associated disease treated with metronidazole or vancomycin before and after the
emergence of NAP1/027. Am J Gastroenterol. 2007;102(12):2781-8.

160. Zar FA, Bakkanagari SR, Moorthi KM, Davis MB. A comparison of vancomycin and
metronidazole for the treatment of Clostridium difficile-associated diarrhea, stratified by
disease severity. Clin Infect Dis. 2007;45(3):302-7.

161. Miller MA, Louie T, Mullane K, Weiss K, Lentnek A, Golan Y, et al. Derivation and
validation of a simple clinical bedside score (ATLAS) for Clostridium difficile infection which
predicts response to therapy. BMC Infect Dis. 2013;13:148.

162. Chan S, Kelly M, Helme S, Gossage J, Modarai B, Forshaw M. Outcomes following
colectomy for Clostridium difficile colitis. Int J Surg. 2009;7(1):78-81.

163. Nitzan O, Elias M, Chazan B, Raz R, Saliba W. Clostridium difficile and inflammatory
bowel disease: role in pathogenesis and implications in treatment. World J Gastroenterol.
2013;19(43):7577-85.

164. Borody TJ, Brandt LJ, Paramsothy S. Therapeutic faeccal microbiota transplantation:
current status and future developments. Curr Opin Gastroenterol. 2014;30(1):97-105.

165. Brandt LJ, Aroniadis OC, Mellow M, Kanatzar A, Kelly C, Park T, et al. Long-term
follow-up of colonoscopic fecal microbiota transplant for recurrent Clostridium difficile
infection. Am J Gastroenterol. 2012;107(7):1079-87.

174



166. Surawicz CM, Brandt LJ, Binion DG, Ananthakrishnan AN, Curry SR, Gilligan PH, et
al. Guidelines for diagnosis, treatment, and prevention of Clostridium difficile infections. Am
J Gastroenterol. 2013;108(4):478-98; quiz 99.

167. McFarland LV, Elmer GW, Surawicz CM. Breaking the cycle: treatment strategies for
163 cases of recurrent Clostridium difficile disease. Am J Gastroenterol. 2002;97(7):1769-75.
168. Tedesco FJ, Gordon D, Fortson WC. Approach to patients with multiple relapses of
antibiotic-associated pseudomembranous colitis. Am J Gastroenterol. 1985;80(11):867-8.

169. Hashash JG, Binion DG. Managing Clostridium difficile in inflammatory bowel disease
(IBD). Curr Gastroenterol Rep. 2014;16(7):393.

170. Russell GH, Kaplan JL, Youngster I, Baril-Dore M, Schindelar L, Hohmann E, et al.
Fecal transplant for recurrent Clostridium difficile infection in children with and without
inflammatory bowel disease. J Pediatr Gastroenterol Nutr. 2014;58(5):588-92.

171. Pamer EG. Fecal microbiota transplantation: effectiveness, complexities, and lingering
concerns. Mucosal Immunol. 2014;7(2):210-4.

172. Nerandzic MM, Mullane K, Miller MA, Babakhani F, Donskey CJ. Reduced acquisition
and overgrowth of vancomycin-resistant enterococci and Candida species in patients treated
with fidaxomicin versus vancomycin for Clostridium difficile infection. Clin Infect Dis.
2012;55 Suppl 2:S121-6.

173. Louie TJ, Miller MA, Mullane KM, Weiss K, Lentnek A, Golan Y, et al. Fidaxomicin
versus vancomycin for Clostridium difficile infection. N Engl J Med. 2011;364(5):422-31.
174. Chaparro-Rojas F, Mullane KM. Emerging therapies for Clostridium difficile infection
- focus on fidaxomicin. Infect Drug Resist. 2013;6:41-53.

175. Mullane KM, Miller MA, Weiss K, Lentnek A, Golan Y, Sears PS, et al. Efficacy of
fidaxomicin versus vancomycin as therapy for Clostridium difficile infection in individuals
taking concomitant antibiotics for other concurrent infections. Clin Infect Dis. 2011;53(5):440-
7.

176. Cornely OA, Crook DW, Esposito R, Poirier A, Somero MS, Weiss K, et al.
Fidaxomicin versus vancomycin for infection with Clostridium difficile in Europe, Canada, and
the USA: a double-blind, non-inferiority, randomised controlled trial. Lancet Infect Dis.
2012;12(4):281-9.

177.  Chilton CH, Crowther GS, Todhunter SL, Ashwin H, Longshaw CM, Karas A, et al.
Efficacy of alternative fidaxomicin dosing regimens for treatment of simulated Clostridium
difficile infection in an in vitro human gut model. J] Antimicrob Chemother. 2015;70(9):2598-
607.

178. Mullane K. Fidaxomicin in Clostridium difficile infection: latest evidence and clinical
guidance. Ther Adv Chronic Dis. 2014;5(2):69-84.

179. Ramakrishnan N, Sriram K. Antibiotic overuse and Clostridium difficile infections: the
Indian paradox and the possible role of dietary practices. Nutrition. 2015;31(7-8):1052-3.

180. Williams MD, Ha CY, Ciorba MA. Probiotics as therapy in gastroenterology: a study
of physician opinions and recommendations. J Clin Gastroenterol. 2010;44(9):631-6.

181. Louie TJ, Byrne B, Emery J, Ward L, Krulicki W, Nguyen D, et al. Differences of the
Fecal Microflora With Clostridium difficile Therapies. Clin Infect Dis. 2015;60 Suppl 2:S91-
7.

182.  Vickers R, Robinson N, Best E, Echols R, Tillotson G, Wilcox M. A randomised phase
1 study to investigate safety, pharmacokinetics and impact on gut microbiota following single
and multiple oral doses in healthy male subjects of SMT19969, a novel agent for Clostridium
difficile infections. BMC Infect Dis. 2015;15:91.

183. Goldstein EJ, Citron DM, Tyrrell KL. Comparative in vitro activities of SMT19969, a
new antimicrobial agent, against 162 strains from 35 less frequently recovered intestinal

175



Clostridium species: implications for Clostridium difficile recurrence. Antimicrob Agents
Chemother. 2014;58(2):1187-91.

184. Bhansali SG, Mullane K, Ting LS, Leeds JA, Dabovic K, Praestgaard J, et al.
Pharmacokinetics of LFF571 and vancomycin in patients with moderate Clostridium difficile
infections. Antimicrob Agents Chemother. 2015;59(3):1441-5.

185. Weiss K, Boisvert A, Chagnon M, Duchesne C, Habash S, Lepage Y, et al
Multipronged intervention strategy to control an outbreak of Clostridium difficile infection
(CDI) and its impact on the rates of CDI from 2002 to 2007. Infect Control Hosp Epidemiol.
2009;30(2):156-62.

186. Daneman N, Guttmann A, Wang X, Ma X, Gibson D, Stukel TA. The association of
hospital prevention processes and patient risk factors with the risk of Clostridium difficile
infection: a population-based cohort study. BMJ Qual Saf. 2015;24(7):435-43.

187. Oleastro M, Coelho M, Giao M, Coutinho S, Mota S, Santos A, et al. Outbreak of
Clostridium difficile PCR ribotype 027--the recent experience of a regional hospital. BMC
Infect Dis. 2014;14:2009.

188. Asensio A, Monge D. [Epidemiology of Clostridium difficile infection in Spain].
Enferm Infecc Microbiol Clin. 2012;30(6):333-7.

189. Ramos-Martinez A, Ortiz-Balbuena J, Curto-Garcia I, Asensio-Vegas A, Martinez-Ruiz
R, Munez-Rubio E, et al. Risk factors for Clostridium difficile diarrhea in patients with
inflammatory bowel disease. Rev Esp Enferm Dig. 2015;107(1):4-8.

190. Navarro-Llavat M, Domenech E, Bernal I, Sanchez-Delgado J, Manterola JM, Garcia-
Planella E, et al. Prospective, observational, cross-sectional study of intestinal infections among
acutely active inflammatory bowel disease patients. Digestion. 2009;80(1):25-9.

191. Schneeweiss S, Korzenik J, Solomon DH, Canning C, Lee J, Bressler B. Infliximab and
other immunomodulating drugs in patients with inflammatory bowel disease and the risk of
serious bacterial infections. Aliment Pharmacol Ther. 2009;30(3):253-64.

192. Jodorkovsky D, Young Y, Abreu MT. Clinical outcomes of patients with ulcerative
colitis and co-existing Clostridium difficile infection. Dig Dis Sci. 2010;55(2):415-20.

176



RESUMEN EN ESPANOL

177



178



10. Resumen en espafiol

10.1 Abstract

Clostridium difficile (CD) es la causa mdas frecuente de diarrea en pacientes
hospitalizados y de diarrea asociada a tratamiento antibidtico, sin embargo también puede
aparecer en la comunidad. Ademas en las dos tltimas décadas la prevalencia de la infeccion
por Clostridium difficile ha aumentado en todo el mundo e incluso, han casos graves y
resistentes al tratamiento convencional. Por otra parte se han producido brotes en pacientes
hospitalizados en Europa, Estados Unidos y Canada.

Los pacientes con enfermedad inflamatoria intestinal (EII), enfermedad de Crohn y
colitis ulcerosa, son un grupo de alto riesgo para la infeccion por CD. Esta puede ser detectada
tanto al diagnostico inicial de la EIl como durante los brotes, por lo que resulta de gran
importancia mantener un alto indice de sospecha para iniciar un tratamiento especifico precoz
y reducir las complicaciones.

En Espana, solo hay un estudio que evalte los factores de riesgo para la infeccion por
CD en los pacientes con EIIl. Sin embargo, necesitamos conocer la importancia y las
implicaciones de esta infeccion en los pacientes con EII con un brote de actividad en nuestro
pais.

Este es el primer estudio que se realiza en las Islas Canarias sobre Clostridium difficile
y pacientes con EII que afiade a un estudio previo realizado en Espafia la valoracion, no sélo de

los factores de riesgo, sino la recurrencia de la infeccion y la evolucion en los pacientes.
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Objetivos:

Los propositos de este estudio fueron (1) describir los factores de riesgo en la infeccion por CD
en los pacientes con EII, (2) analizar la recurrencia de la infeccion por CD en estos pacientes,
(3) investigar la influencia de la infeccion por CD en la evolucién de la EIl y (4) establecer un

perfil de riesgo en paciente de riesgo en los pacientes con EIL

Pacientes y métodos:
Pacientes:

Elaboramos un estudio caso-control retrospectivo en pacientes adultos (edad> 14 afios)
con un brote de EII. El estudio fue realizado por los Departamentos de Digestivo y
Microbiologia de un Hospital Universitario de tercer nivel en Las Palmas de Gran Canaria

(Espafia) durante el periodo comprendido entre junio de 2007 hasta junio de 2015.

Criterios de inclusion:

Los casos fueron definidos como pacientes de EII con un brote de la enfermedad (diarreas con
deposiciones liquidas), con toxina para CD positiva en las muestras de heces. Los controles
fueron pacientes con EII también en brote, pero con toxina para CD negativa en sus muestras

de heces.

El criterio de exclusion para los controles fue infeccion por CD previamente conocida.
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Métodos:

Tanto los casos como los controles fueron identificados en la base de datos del
Laboratorio de Microbiologia de nuestro hospital. Los controles se aleatorizaron mediante una
aleatorizacion simple sin repeticiones con el programa Excel 2010 y emparejados 1:1 en el
mismo periodo de tiempo con los casos. La infeccion por CD se diagnostico mediante la
deteccion de toxinas de CD en muestras de heces mediante ELISA desde 2007 a diciembre de
2012 y un test de tres pasos (GDH, toxina de CD y PCR) desde enero de 2013.

El resto de datos fueron recogidos de la historia clinica del paciente entre los que se
incluyen: factores de riesgo epidemiologico, datos clinicos, caracteristicas de la EIl incluyendo:
localizacion, tratamiento, cirugias previas hasta 3 meses antes del brote, ingreso hospitalario y
datos analiticos (incluyendo calprotectina fecal). Ademas estudiamos la recurrencia y la
evolucion hasta 6 meses después de la infeccion (necesidad de colectomia, escalada terapéutica,
hospitalizacién o fallecimiento).

El anélisis de los datos fue realizado con el programa SPSS 22: el anélisis univariante
se realiza con Chi-cuadrado y t de student para la comparacion de las variables cualitativas y
cuantitativas respectivamente. Cuando fue necesario se utilizaron sus correspondientes test no
paramétricos (Test exacto de Fisher y U-Mann Witney). Finalmente se realizd un analisis

multivariante para identificar los factores de riesgo para la infeccion por CD.
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10.2 Introduccion general

La infeccion por Clostridium difficile (ICD) en los pacientes con enfermedad
inflamatoria intestinal (EII) es un tema fascinante. Clostridium difficile (CD) es causa de diarrea
en humanos desde hace mas de 30 afios y su incidencia estd aumentando de forma alarmante en
la ultima década. Desde principios del afio 2000 graves epidemias por CD han ocurrido en
pacientes hospitalizados, en Europa y Norteamérica y han puesto en jaque a las autoridades
sanitarias. Incluso, ha llegado a convertirse en un grave problema de salud debido a sus altas
tasas de complicaciones y mortalidad.
Los medios de comunicacion han cubierto las noticias, muchas veces en primera pagina, sobre
las epidemias mas importantes de CD en Reino Unido y Norteamérica. Recientemente, en
septiembre de 2015, se ha creado en Estados Unidos el primer banco de heces para el
tratamiento de la ICD recurrente, lo cual proporciona una clara evidencia de la importancia de

esta infeccion y de que existe un aumento del nimero de personas que contraen esta infeccion.

;Qué es el Clostridium difficile y por qué resulta tan dificil su control y tratamiento?
Clostridium difficile (CD) es la causa mas frecuente de diarrea en pacientes
hospitalizados y de diarrea asociada a tratamiento antibidtico. Es una bacteria Gram positiva,
anaerobia estricta y formadora de esporas. Las esporas se diseminan facilmente por via aérea y
son capaces de sobrevivir en condiciones adversas durante largos periodos de tiempo. Las
esporas pueden contaminar el medio hospitalario a través de los trabajadores y por practicas de
limpieza ambiental inadecuadas.
CD vive de forma inofensiva en el intestino de entre un 10 a un 15% de los adultos sin causar
sintomas (colonizacion). Sin embargo, cuando aparece un disbalance bacteriano, a menudo a
consecuencia de un tratamiento con antibidticos, puede producirse un amplio abanico de

manifestaciones clinicas que abarcan desde portador asintomatico, diarreas sin complicaciones
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a infecciones graves que pueden comprometer la vida del paciente.

En la ultima década, la severidad y mortalidad de las infecciones se ha incrementado
debido a la aparicion de cepas mas virulentas (ej. BI/NAP1/027), resistentes al tratamiento
antibiodtico convencional. Asi, hemos tenido una gran cantidad de problemas con el tratamiento
y la prevencion de los nuevos casos de infeccion y de la recurrencia.

El tratamiento incluye medidas generales tales como de soporte y de control de la
infeccion y el tratamiento antibidtico que deberia iniciarse lo antes posible. El trasplante fecal

podria constituir otra opcidon de tratamiento en los casos de ICD graves o recurrentes.

Queé pacientes estan en riesgo para contraer una infeccion por Clostridium difficile?

Es bien conocido que el perfil tipico del paciente con CD: hospitalizado, de edad
avanzada con tratamiento antibidtico, con enfermedades cronicas e inmunodeprimidos. Sin
embargo, el nimero de personas que contraen la infeccion fuera del entorno hospitalario esta
en aumento, la exposicion al tratamiento antibidtico no resulta suficiente para producir la
infeccion y por primera vez se describe un significativo incremento en la incidencia de CD en
niflos y embarazadas.

Un grupo de pacientes especialmente susceptible para la ICD son los pacientes con EII
(enfermedad de Crohn y colitis ulcerosa) y particularmente aquellos con afectacion coldnica. A
diferencia de los pacientes que no tienen una enfermedad inflamatoria intestinal (EII), los
pacientes con EIl y con ICD suelen ser mas jovenes, con menor exposicion a tratamiento
antibidtico y en la mayoria de los casos con adquisicion en la comunidad. Por lo tanto, el

paciente con EII tiene un perfil de riesgo completamente diferente a los de la poblacion general
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¢ Cudl es la relacion entre Clostridium difficile y la enfermedad inflamatoria intestinal? ; Puede
ser tan peligrosa como en la poblacion general?

La relacion entre CD y la EII es controvertida. Todavia no esta claro si el CD es una
causa etioldgica o una consecuencia de la enfermedad inflamatoria. Se desconoce si el problema
es por la alteracion en el sistema inmune local en el intestino, el estado inflamatorio sistémico
o ambos La infeccion por Clostridium difficile juega un importante papel en el inicio clinico de
la EII, produce retrasos en el diagnodstico de nuevos casos y dificulta el diagndstico diferencial
en los brotes.

La infeccion por Clostridium difficile anade dificultades al manejo terapéutico de la EII,
puesto que requiere un tratamiento antibiotico especifico.

Varios estudios en la EIl han demostrado un aumento en la gravedad y en la tasas de
recurrencia de la enfermedad, ambas asociadas a un incremento de la morbilidad, la necesidad

de cirugias e incluso de la mortalidad

¢ La recurrencia de la infeccion por CD podria ser un problema para los pacientes con EII?
¢ Cudl seria el mejor enfoque terapéutico?

La recurrencia puede llegar a suponer un problema importante después de un primer
curso de tratamiento en pacientes con y sin EII, alrededor de un 30% en cada uno de ellos. En
la EII se recomienda la deteccion del Clostridium en muestras de heces durante los brotes de
reactivacion de la enfermedad resistentes al tratamiento convencional en pacientes
ambulatorios y en todos los pacientes, en base a las directrices de practica clinica europea,
americana y espafiola.

Sin embargo, no existen recomendaciones especificas en los pacientes con EII para su
tratamiento y manejo en general. Hoy en dia, tratamos a nuestros pacientes segun las Guias

clinicas de practica clinica de los Servicio de Microbiologia y enfermedades infecciosas. Por
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esta razon seria importante que tuviéramos protocolos especificos para un mejor manejo, tanto

diagnostico como terapéutico en los pacientes con EII.

Hemos disenado un estudio retrospectivo, caso-control para evaluar los siguientes aspectos

de la infeccion por CD en nuestra area:

(Como ha cambiado el nimero de pacientes de EII con infeccion con Clostridium difficile en

los ultimos ocho afos?

(Cuales son los factores de riesgo para la ICD en los pacientes con EII en nuestro medio?

(Es la recurrencia mas frecuente en nuestros pacientes? ;Como los tratamos?

(Como tratamos la infeccion por CD en nuestros pacientes con EII?

(Como afecta la infeccion por CD la evolucion de la EII?

Nuestro estudio es el primero que se realiza en las Islas Canarias acerca de la infecciéon por CD
en pacientes con EII, y el primero en Espafia en afiadir experiencia a los estudios de los factores
de riesgo, el estudio de la recurrencia de la infeccion, el diagndstico y la evolucion de la misma.
Necesitamos conocer las implicaciones de esta infeccion en los pacientes con EII en nuestro

medio
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10.3 Marco teorico

La enfermedad inflamatoria intestinal (EII) es una inflamacion intestinal cronica cuya
etiologia y patogenia aun no estan totalmente conocidos. En general, la enfermedad de Crohn
(EC) y colitis ulcerosa (UC), son enfermedades poligénicas y multifactoriales. Se ha sugerido
que varios factores ambientales, microbianos, inmunoldgicos, genéticos y de estilo de vida
juegan un papel en su iniciacion. En estudios realizados desde la década de 1980 hasta la
actualidad, el Clostridium difficile (CD) se ha implicado como un factor de riesgo para la

reactivacion del proceso inflamatorio en hasta un 5% de los pacientes con EII.

Multiples estudios en los ultimos 10 afios han sefialado tasas mas altas de ICD tanto
colonizacidon como infeccion por CD en pacientes con EII. La toxina de CD se detectd en los
pacientes con enfermedad inflamatoria del intestino, especialmente en aquellos con recaidas
sintomaticas. En algunos casos, no fue registrada la administracién de antibidticos previa al
brote, y los sintomas respondieron a la vancomicina. Anteriormente, algunos "recaidas" se
habian producido por "actividad de la enfermedad" de la enfermedad inflamatoria del intestino

subyacente.

Algunos cientificos pensaban que algunos tratamientos médicos (por ejemplo,
sulfasalazina) podrian alterar la flora intestinal y promover la colonizacion por CD. Otros
teorizaron que el estado inmune alterado, posiblemente relacionado con agentes terapéuticos, o

el estado nutricional podria desempenar un papel importante.

Por lo tanto, los pacientes con EII son considerados un grupo de riesgo para la ICD, pero
el riesgo de infeccion no puede ser completamente explicada por los factores de riesgo
conocidos, en general. Las anormalidades en la respuesta inmune de la mucosa en la EII podrian

desempeiniar un papel en la ICD.
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A finales de 1970 la deteccion de la toxina de Clostridium difficile durante los brotes de
la EII no estaba recomendado. Pero en 2002 en un congreso de la Digestive Disease Week en
EEUU , se describi6 por primera vez la presencia del CD y sus toxinas en un nimero
significativo de pacientes con EII. La importancia de esta asociacion aiin no se conocia, pero
en este congreso se comentd ya que las pruebas diagnosticas adecuadas podrian ayudar a

asegurar que estos pacientes reciben el mejor tratamiento.

Los nuevos retos terapéuticos de este patdgeno, han traido un renovado interés en todas
las facetas de la enfermedad. En estos ultimos afos, las ultimas guias de practica clinica y
documentos de consenso europeos, americanos y espafioles recomiendan investigar CD en las
reactivaciones de la EII. Entonces, ;qué ha cambiado? ;Es necesaria la investigacion de rutina

en todos los pacientes con EII con una recaida o solo en algunos casos especificos?

El manejo de la infeccion por CD en pacientes con EII con una reactivacion sintomatica
no ha sido optimizado. Por el momento, no disponemos de guias clinicas especificas para el
manejo de la infeccion en los pacientes con EII. Este hecho resulta contradictorio, ya que
mientras todas las Sociedades de EII (tanto la Europea como la Americana) recomiendan la
investigacion de CD en las muestras de heces de aquellos pacientes, tanto ambulatorios como
hospitalizados, que tengan un brote grave resistente al tratamiento convencional, no existen
recomendaciones especificas para el tratamiento de la infeccion en este tipo de pacientes. La
elaboracion de guias clinicas especificas en EIl seria de gran importancia para mejorar el

tratamiento de esta infeccion de una manera homogénea en Espafia y Europa.

Por este motivo, debemos seguir las indicaciones de la Guia General de Microbiologia
para la poblacion general En 2009 fue publicada la primera guia de tratamiento de la infeccion

por CD de la Sociedad Europea de Microbiologia Clinica y Enfermedades Infecciosas
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(ESCMID) siendo de inmediato ampliamente aplicada a la practica clinica. La ultima Guia de

la ESCMID ha sido publicada en 2014.

En particular, tras el reciente desarrollo de la fidaxomicina, nuevos farmacos
alternativos para el tratamiento de la ICD en los EE.UU. y Europa, existe una creciente
necesidad de informacion actualizada sobre la eficacia comparativa de los agentes antibidticos
disponibles en la actualidad para el tratamiento de la ICD, proporcionando asi las

recomendaciones basadas en la evidencia sobre esta patologia.

Las recomendaciones para mejorar la orientacion clinica en el tratamiento de la ICD, se
especifican para diferentes grupos de pacientes, tales como la enfermedad no grave, ICD severa,
primera recurrencia o riesgo para la enfermedad recurrente, multiples recurrencias y el

tratamiento de la ICD cuando la administracion oral no es posible.

La opciones terapeuticas incluyen: antibioticos, probioticos y trasplante intestinal fecal.
Los antibioticos recomendados son: metronidazol, vancomicina, y fidaxomicina. El trasplante
fecal estd indicado para el tratamiento de recurrencias multiples. A continuacién vamos a

revisar las opciones terapeuticas mas importantes
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10.4 Recomendaciones generales para la prevencion y control de 1a ICD

En los paises desarrollados, Clostridium difficile es la causa mas comun de infeccion
adquirida en el hospital. La infeccion por CD es una causa frecuente de morbilidad e incluso de
muerte. También produce enormes costes econémicos, ya que los pacientes infectados por CD
en el hospital prolongan su estancia durante unos 1-3 semanas adicionales. En cuanto a costes

y la productividad, C. difficile es una carga importante para nuestro sistema de salud.

10.5 Puntos claves para la prevencion y el control de la infeccion por CD

Desde nuestro punto de vista, hemos identificado tres puntos clave:

1-Control de los factores de riesgo.

Cuando usamos antibidticos es importante realizar una escalada terapéutica adecuada.
Incluso si fuera posible tendriamos que suspender el tratamiento antibiotico en los pacientes
con ICD. En la mayoria de los casos, no podemos eliminar el tratamiento con antibidticos por
lo que debemos disminuir el uso de antibioticos de amplio espectro. Otro factor a tener en cuenta
es la malnutricién del paciente, lo cual resulta ser un factor predisponente en centros de larga

estancia.

2-Diagnostico precoz (alta sospecha diagnostica)

Axelrad et al. estudi6 el uso de un protocolo de admision de enfermeria para aumentar
la tasa de deteccion de ICD. La intervencion increment6 el nimero de pruebas para la ICD en

los pacientes hospitalizados por un brote de EII. La infeccion hay que sospecharla en pacientes
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ambulatorios con una recaida resistente al tratamiento convencional o con recaidas y factores
de riesgo para la infeccion. Por otra parte, sospecharemos una ICD en todo paciente

hospitalizado que presente una recaida o empeore durante la hospitalizacion.

3- Medidas de higiene y profilaxis para la ICD:

Evitar la propagacion por el personal médico a otros pacientes y la contaminacion con
esporas del medio hospitalario y las superficies evitando la transmision horizontal. Los
pacientes por lo general adquieren el organismo desde el hospital. Por desgracia, las esporas
son dificiles de eliminar de las salas del hospital, y algunos hospitales han experimentado brotes

de CD que continuaron durante afos.

La transmision paciente-paciente puede ser la mas importante para el aumento del ratio
de la infeccion por CD. La transmision secundaria entre los pacientes se ve facilitada por las
habitaciones estrechas, bafios y salas de estar compartidas, y la socializacion con otros
pacientes. Ademads, es posible encontrar contaminacién ambiental en habitaciones de no
aislamiento, en las areas de trabajo de médicos y enfermeras, y en el equipo portatil.
Necesitamos otros estudios para determinar si la contaminacion en esas areas puede jugar algiin

papel en la transmision del CD.

Por el contrario, Daneman et al. encontraron que las estrategias de prevencion de
hospitales seleccionados no produjeron una reduccion estadisticamente significativa del riesgo
para contraer una ICD. Estas estrategias tenian una eficacia limitada o se implementaron de

manera ineficaz, al menos, durante el periodo del estudio.
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Es importante sefialar que los brotes de CD pueden ocurrir tambien en las residencias
de ancianos. Por tanto, es necesario que los sistemas de salud y los de asistencia social trabajen

en estrecha colaboracion para proteger a las personas que tienen a su cuidado.

En resumen, los métodos més importantes de la prevencion son: la administracion de
antibidticos, la higiene de manos y el aislamiento del paciente afectado por la infeccion. El
aislamiento se mantendrd hasta 48 horas después de la resolucion del cuadro entérico. Los
pacientes afectados permaneceran en habitaciones separadas. Es importante insistir en la
educacion del personal sanitario, y en la intensificacion de la limpieza del medio ambiente.
Otras medidas de control tales como la comunicacion, la educacion, el refuerzo de las medidas
de control de infecciones, la optimizacion del diagnostico y tratamiento son importantes

también.

Los investigadores de la Clinica Mayo recomiendan la practica de la prevencion, que

incluyen:

- Lavarse las manos con agua y jabon.

- Limpiar las superficies contaminadas con lejia (1.000 pm)

- Evitar el contacto con personas que se sabe que tienen ICD.

- Tomar precauciones si vive con una persona que tiene una ICD o trabaja en un centro de

salud donde puedan estar expuestos a pacientes con ICD.

Por ultimo, nos gustaria destacar la importancia de una vigilancia continua de la ICD en

los hospitales, sobre todo cuando un grupo de riesgo esta expuesto, como los pacientes con EII.
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Son necesarios en todos los hospitales campanas de vigilancia y prevencion activa como "las

campaiias para el lavado de manos"

10.6 Estudio

10.6.1 Objetivos:

Los propdsitos de este estudio fueron:

(1) describir los factores de riesgo en la infeccion por CD en los pacientes con EII

(2) analizar la recurrencia de la infeccion por CD en estos pacientes

(3) investigar la influencia de la infeccion por CD en la evolucion de la EII

(4) establecer un perfil de riesgo para la infeccién por CD en nuestra area.

10.6.2 Metodologia.

Grafico del diseno del estudio

IBD patients (UC+CD) with a relapse

Cases (CDI +) Controls (CDI -)

Y

Recurrence

Risk factors

Outcome
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Pacientes

Elaboramos un estudio caso-control retrospectivo en pacientes adultos (edad> 14 afos)
con un brote de EIl. El estudio fue realizado por los Departamentos de Digestivo y
Microbiologia de un Hospital Universitario de tercer nivel en Las Palmas de Gran Canaria

(Espafia) durante el periodo comprendido entre junio de 2007 hasta junio de 2015.

Criterios de inclusion: Los casos fueron definidos como pacientes de EII con un brote
de la enfermedad (diarreas con deposiciones liquidas), con toxina para CD positiva en las
muestras de heces. Los controles fueron pacientes con EII también en brote, pero con toxina

para CD negativa en sus muestras de heces.

Episodio de infeccion por CD: cuadro clinico compatible con ICD (diarrea: tres o mas
deposiciones liquidas durante dos dias o mas) y la evidencia microbiologica de toxinas o la

presencia de CD en las heces, sin evidencia razonable de otra causa de la diarrea.

ICD severa: se define como un episodio de ICD con (uno o més signos y sintomas
especificos) colitis severa o un curso complicado de la enfermedad, lo que lleva a la necesidad

de ingreso en una UCI, colectomia o la muerte.

Uno o mas de los siguientes factores pronosticos desfavorables pueden estar presente
sin evidencia de otra causa: marcada leucocitosis (> 15 10 9 / L), disminucion de la albumina
en la sangre (<3 g / L) y aumento del nivel de creatinina sérica (> 1,5 veces los nivel

premorbido).

Episodios recurrentes de ICD: la presencia nuevamente de los signos y sintomas de la

ICD tras un periodo asintomatico, junto con un analisis de heces positiva para CD.
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Recurrencia: ICD <8 semanas después de la aparicion de un episodio anterior, con sintomas

que habian desaparecido y reaparecen tras la finalizacion del tratamiento previo.

Reinfeccion: ICD > 8 semanas después de la aparicion de un episodio anterior, con sintomas

que habian desaparecido y reaparecen tras la finalizacion del tratamiento previo.

El criterio de exclusion para los controles fue infeccion por CD previamente conocida

Métodos

Tanto los casos como los controles fueron identificados en la base de datos del
Laboratorio de Microbiologia de nuestro hospital. Los controles se aleatorizaron mediante una
aleatorizacion simple sin repeticiones mediante el programa Excel 2010 y emparejado 1:1 en
el mismo periodo de tiempo con los casos. La infeccion por CD se diagnostico6 mediante la
deteccion de toxinas de CD en muestras de heces mediante ELISA desde 2007 a diciembre de

2012 y un test de dos pasos (GDH, toxina de CD) y PCR desde enero de 2013.

El resto de datos fueron recogidos de la historia clinica del paciente entre los que se
incluyeron: factores de riesgo epidemioldgico, datos clinicos, caracteristicas de la EII
incluyendo localizacion, tratamiento, cirugias previas hasta 3 meses antes del brote, ingreso
hospitalario y datos analiticos (incluyendo calprotectina fecal). Ademas estudiamos la
recurrencia y la evolucidon hasta 6 meses después de la infeccion (necesidad de colectomia,

escalada terapéutica, hospitalizacion o fallecimiento).

El analisis de los datos fue realizado con el programa SPSS 22. Las comparaciones
estadisticas se realizaron con la t de Student (variables cuantitativas) y pruebas de X2 (variables

cualitativas) y cuando fue necesario prueba U-Man W. y test exacto de Fisher (OR con IC del
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95%). Se realizo un analisis de regresion logistica con variables que resultaron significativas en

el andlisis univariado para identificar factores de riesgo de la ICD
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10.6.3 Resultados

Entre junio de 2007 junio de 2015, se analizaron 131 episodios de ICD en pacientes con EII
con una reactivacion de la enfermedad (grupo de casos) en comparacion con pacientes con una

recaida, pero sin infeccion (grupo control).

Por otra parte, se estudiaron los episodios recurrentes de ICD por separado.

Vamos a mostrarles los resultados de nuestro estudio con el siguiente esquema:

- En primer lugar, nos gustaria dar una vision general de la distribucion de la ICD (resultados
positivos); una comparacion de los resultados positivos en los pacientes con EII con los
resultados positivos en los pacientes sin EII en el mismo periodo de tiempo y ver la relacion
entre la proporcién de muestras positivas con respecto al total de muestras solicitadas.

- En segundo lugar, veremos cuanto tiempo se tarda en diagnosticar a estos pacientes en
nuestro hospital.

- En tercer lugar, explicaremos los resultados del estudio de casos y controles, incluyendo
los factores de riesgo.

- Y finalmente, comentaremos nuestros resultados del estudio de los casos recurrentes
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Distribucion de los episodios de ICD

En nuestro centro terciario, no hemos encontrado un aumento del nimero de episodios
de ICD tanto en los pacientes con EII y sin EII durante el periodo del estudio. Por otra parte, el
numero de episodios positivos para la ICD tiende a mantenerse o disminuir, pero en ningun
caso se ha incrementado en los ultimos 8 afios. Nos dimos cuenta de que la proporcion de

resultados positivos fue baja en comparacion con el numero de solicitud de muestras.
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Figura. Distribucion de los episodios positivos durante el periodo de estudio
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En la distribucion de las muestras positivas a partir de Junio de 2007 a Junio de 2015.

Se puede observar que el nimero de episodios positivos han ido disminuyendo a lo largo del

180

periodo de estudio. Asi, desde Enero a Junio de 2015, no hemos tenido ningtin caso de ICD.
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Figura. Distribucion episodios positivos en comparacion con la poblacion general

Distribucion episodios positivos en pacientes con EIl en comparacion con resultados
positivos en poblacion no-EII desde junio de 2007 hasta junio de 2015. La distribucion de la
ICD en la poblacion general no se ha incrementado durante los ultimos 6 afios, pero al mismo

tiempo, se ha mantenido en similares proporciones, en contraste con la poblacién con EII
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El nimero de muestras solicitadas es mayor que el numero de resultados positivos de
manera proporcional. Encontramos una baja proporcion de resultados positivos en comparacion

con el gran namero de solicitudes.
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Figura: Total de muestras solicitadas en pacientes con EIl en comparacion con los resultados

positivos finales.
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Tiempo que se tardo para diagnosticar nuestros pacientes

El tiempo medio necesario para que los resultados positivos sean emitidos desde el
departamento de Microbiologia fue de 4,22 + 6,281 dias. El tiempo necesario desde la emision
del resultado positivo hasta que llega a conocimiento del médico fue de 7,59 + 6,223 dias y el
tiempo que transcurre desde la primera cita hasta la entrega de los resultados al paciente fue

15.58 + 8,265 dias.

Tiempo que tarda el resultado Tiempo hasta que el Tiempo que transcurre

positivo en emitirse desde el resultado llega al médico desde la primera visita hasta

departamento de Microbiologia solicitante la segunda
Media(dias) 4.22+6.281 7.594+6.223 15.58+8.265
Mediana 2.00 7.00 14.00
Modo 2 7 14
Minimo- 1-53 0-30 4-42

maximo

Tabla: Dias necesarios para diagnosticar la ICD en pacientes ambulatorios

En nuestro departamento, la infecciéon por CD tuvo un promedio de 14 dias para el

diagnostico, pero el resultado positivo se emitid por el Departamento de Microbiologia en un
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tiempo promedio de 2 dias. Por lo tanto, hay un espacio de unos 10-12 dias en los que seria

posible saber los resultados de las muestras.
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Puntos clave de los resultado en estudio caso-control

Aspectos epidemiologicos

- Ennuestro centro terciario, no nos hemos encontrado un aumento en el nimero de episodios

de CDI entre junio de 2007 y junio de 2015.

- Debemos mejorar el diagnostico precoz de la ICD en nuestros pacientes ambulatorios con
EII con una mejor comunicacion con el Departamento de Microbiologia. La infeccion por

CD es una enfermedad prevenible y tratable.

- No solicitar estudio de CD desde el inicio de las recaidas, excepto cuando existen factores
de riesgo especificos, refractariedad al tratamiento y hospitalizacion: En primer lugar,
optimizar el tratamiento oral y el tratamiento rectal. Es importante preguntar al paciente por

su adhesion al tratamiento topico.

Caracteristicas generales de los episodios
- Nuestros pacientes con EIIl con ICD fueron mas jévenes que la poblacion general (> 65

menos del 10%).

- Hubo una mayor adquisicion comunitaria y la solicitud del estudio se realizd6 como

pacientes ambulatorios.

202



- En general, no hubo comorbilidad, pero habia mas comorbilidad asociada con las
recurrencias. Fue un factor de riesgo en el estudio univariante y también un factor de riesgo

independiente en el estudio multivariante

- En la mayor parte de los casos, los pacientes con EII afectados por una ICD no requirieron

hospitalizacion.

- La severidad leve-moderada de los episodios fue mas frecuente en los pacientes

ambulatorios y también en los hospitalizados por un brote con ICD.

Caracteristicas de la EII

- La edad media de inicio de sintomas de la EII (17-40 afios)

- La infeccion es signicativamente mas frecuente en los pacientes con CU y localizacién
rectal en el estudio univariante y resulto ser un factor de riesgo independiente en el
multivariado. En la EC la localizacién mas frecuente de manera significativa fue la colénica

y el comportamiento inflamatorio.

- ICD fue mas frecuente en la EC con una localizacidn perianal y con abscesos en el momento

del episodio.

- El tiempo de evolucion de la EII hasta la aparicion de la infeccion fue de 7 anos
aproximadamente sin diferencias entre los dos grupos.
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- Lainfeccion por Clostridium difficile hace que el comportamiento de la colitis ulcerosa sea
similar al comportamiento de la enfermedad de Crohn sin infeccion por CD. Por lo tanto,
la CU con una ICD tiene una tendencia a mas recidivas y mas precoces. La tendencia a la
recidiva en la CU es mayor en los casos y la de la EC en los controles. Sin embargo, sin la

infeccion, la EC evolucioné peor que la UC.

- Los pacientes con EC sin infeccion tuvieron una mayor tendencia a las recidivas que cuando

tuvieron la infeccion.

- Encontramos un porcentaje de un 20% de ICD en el momento del diagnostico de la EII.
Este resulto ser un factor de riesgo independiente para la adquisicion de la ICD en nuestros
medio en el estudio multivariante. Debemos sospechar una sobreinfeccion por CD en el
momento del diagnostico inicial de una EII, para iniciar el tratamiento especifico tan pronto
como sea posible. Es obligatorio, al diagndstico de una EII, hacer un diagnostico diferencial

con otras causas de diarrea infecciosa, como la infeccion por Clostridium difficile.

Parametros de laboratorio

- La calprotectina fecal tenia una tendencia a tener valores mas altos en los episodios de CDI
en comparacion con los controles Necesitamos mas estudios para ver el valor real de este

marcador biologico en el manejo de la ICD.

- Se observaron correlaciones negativas significativas pero débiles entre la PCR y

hemoglobina; y entre la VSG y albumina.
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- No encontramos parametros de desnutricion (albumina <3 gr/dl) con mas frecuencia en el

grupo de los pacientes con la infeccion.

Factores de riesgo para la ICD

- Encontramos que el tratamiento antibiotico 3 meses previo al episodio y con IBP fueron
factores de riesgo en el analisis univariante y ademas el tratamiento antibiotico fue un factor

de riesgo independiente en el andlisis multivariante

- Los tratamientos inmunosupresores y bioloégicos no fueron un factor de riesgo para un
primer episodio de CDI pero si fueron un factor de riesgo independiente para los episodios
recurrentes. No se encontré mas proporcion de tratamiento combinado (inmunosupresor y

farmacos biologicos).

- En pacientes hospitalizados con una ICD el tratamiento con IBP y/o antibiotico 3 meses

antes fueron también factores de riesgo en el estudio univariado.

- Encontramos un bajo porcentaje de pacientes en tratamiento con mesalazina topica en el

momento de la infeccion.
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Outcome

Los pacientes con EII con un brote de su enfermedad relacionado con una infeccién por CD
no tuvieron una evolucion peor que los pacientes en recidiva pero sin ICD en cuanto a:
escalada terapéutica y hospitalizacion 6 meses después del episodio o cirugia un afio
después. Sin embargo, la CU tuvo tendencia a una mayor escalada terapéutica y
hospitalizacion 6 meses después de los episodios, casi el doble que la EC y en los pacientes
con ICD. En cambio, la EC tuvo tendencia a la escalada terapéutica y hospitalizacion 6

meses después del episodio el doble que en la CU pero en pacientes sin ICD.

Encontramos un 2% de complicaciones y 1 muerte en pacientes con EIl y una ICD.

Tratamiento de la infeccion por Clostridium difficile

La mayoria de los episodios se trataron tanto los primeros como los episodios recurrentes
con metronidazol oral. La vancomicina, spiraxin y probioticos se utilizaron en unos pocos

pacientes.

Combinamos el tratamiento antibiotico con corticosteroides en 3 de cada 4 pacientes. La

prednisona fue el farmaco mas utilizado con una dosis media de 40 mg.
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Subgrupo de pacientes con edad> 65

- Este subgrupo de pacientes tiene factores de riesgo diferentes en comparacién con la
poblacion general, con la misma edad: la mayoria de ellos no tenian comorbilidades, y el

diagnostico fue realizado en forma ambulatoria.

- Los episodios fueron mas frecuentes en la CU de localizacién rectal. La EII fue

diagnosticada a una edad mas tardia, y tenia una corta evolucion (media 4 afios) en el

momento de la aparicion de la infeccion.

- Enla EC, la implicacion del colon fue mas frecuente en los episodios de ICD

- El diagnostico de EII y la infeccién con CD se produjo al mismo tiempo en el 20% de los

episodios y la mitad de ellos requirieron hospitalizacion.

- IBP fueron mas frecuentes en los episodios CDI como un factor de riesgo.

- El tratamiento inmunosupresor y biologico en el momento de los episodios fueron

frecuentes: 40% y 30% respectivamente. 1 de cada 3 episodios tenian dos combinados.

- Hay una tendencia a la escalada terapéutica, hospitalizacion, cirugia, complicaciones y la

mortalidad en los pacientes de este subgrupo con la infeccion.

- Presentan tasas de recurrencias son altas (30%), lo que justificaria que estos pacientes

fueron tratados con un antibidtico que tuviera una menor tasa de recurrencia.
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La poblacion de estudio es pequeiia y se necesitan estudios mas amplios para confirmar

estos resultados.

Factores de riesgo independientes para la ICD en los pacientes con EII en el estudio

multivariante

Los factores de riesgo independientes para tener una infecciéon por CD son los siguientes:

CU, infeccion que coincide con el diagndstico de la EIL antibioticos tres meses previos a la

aparicion del episodio y comorbilidades.

Los IBP fueron un factor de riesgo en el andlisis univariante pero no consiguieron

significacion estadistica en el analisis multivariante.

Variables en la ecuacion

1.C.95% para EXP(B)
B E.T. Wald gl Sig. Exp(B) Inferior Superior
InfeyDx(1) ,981 S02 3,818 1 ,051 2,666 997 7,129
Antibprevi(l) 1,430 545 6,884 1 ,009 4,178 1436 12,158
Paso 4* tipoenf{1) 1,155 S05 14,300 1 L000 2,173 1,744 5,772
Comorbilidad(1) ,934 357 6,857 1 ,009 2,544 1,265 5,118
Constant -3,471 ,796 19,623 1 ,000 ,031

a. Vanable(s) introducida(s) en el paso 4: InfeyDx
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Puntos clave en el estudio de los episodios recurrentes.

- Ennuestro estudio, las recurrencias fueron frecuentes (18%) y més de la mitad aparecieron
8 semanas del primer episodio. Después de la primera recurrencia (13%) habia una mayor

probabilidad de una segunda (3%) y una tercera (2%).

- Encontramos que la segunda recurrencia fue mas precoz (< 8 semanas) que la primera y la

tercera (> 8 semanas).

- Los episodios recurrentes fueron mas frecuentes en la CU izquierda y extensa. Encontramos
la infeccion en la EC con afectacion coldnica, apareciendo un 50% en aquella con

localizacion perianal.

- En nuestro medio encontramos que la CU recurre més de 1 vez pero no encontramos mas

de una recurrencia en la EC.

- Un 13% de los episodios ocurrieron en pacientes mayores de 65 afios

- El 88% de los episodios recurrentes ocurrieron en pacientes ambulatorios, con adquisicion

en la comunidad de un 100%.
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1 de cada 4 pacientes fue tratados con antibidticos 3 meses antes (100% con metronidazol).
Mas del 70% de los pacientes fue tratado con IBP 3 meses antes de la aparicion del episodio.

Comorbilidad >1, 20%. El tipo de severidad mas frecuente fue la de leve-moderada.

En el momento de la ICD un 75% de los episodios estaban siendo tratados con tratamiento

combinado: inmunosupresores y/o biologicos y/o aféresis.

En el momento de la infeccion los pacientes con CU estaban con menos tratamientos

inmunosupresor y biolégico con respecto a la EC. Después de una recurrencia la CU tuvo

mas escalada terapéutica y hospitalizacién que la EC.

No encontramos colectomias tras un afio de la recurrencia.

Tratamos los episodios recurrentes de la misma manera que los primeros episodios. Més de

un 90% fueron tratados con metronidazol y menos de un 10% fueron tratados con

vancomicina.

El tratamiento con corticoides se llevdo a cabo en mas de un 80% de los episodios

recurrentes: El farmaco mas utilizado fue la prednisona con una dosis media de 40 mg al

dia

No encontramos complicaciones o muertes a causa de la infeccion por Clostridium difficile.
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Factores de riesgo independientes para la recurrencia de la ICD.

En el andlisis multivariante encontramos como factores de riesgo para tener una ICD

recurrente: tener una CU, estar en tratamiento con inmunosupresores y farmacos biologicos.

Variables en la ecuacion
Etror 95% C.I. para EXP(B)
B astandar Wald al Sig. Exp(B) Inferior Superior
Paso1®  TiolS(1) 1,457 480 9,208 1 ,002 4,294 1,675 11,006
Constante 754 303 6,182 1 013 2125
paso 2® tipoenf(1) 1,484 613 5858 1 015 4413 1,326 14,680
TtolS(1) 1,680 503 11,146 1 ,0m 5,368 2,001 14,396
Constante 234 360 424 1 515 1,264
Paso3® tipoenf(1) 2,286 812 7,925 1 005 9,831 2,002 48,267
TtolS(1) 1,753 522 11,282 1 00 5769 2,075 16,041
ftobiolo(1) 2,692 962 7,827 1 005 14,761 2,239 97,305
Constante -2,373 1,036 5,243 1 022 093

a. Variables especificadas en el paso 1: TtolS.
b. Wariables especificadas en el paso 2: tipoenf.

. Variables especificadas en el paso 3: ttobiolo.
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10.7 Conclusiones

No hemos encontrado un incremento en el nimero de casos de infeccion por Clostridium
difficile en nuestro Hospital desde junio de 2007 hasta junio de 2014. La frecuencia de esta
infeccion en los pacientes con enfermedad inflamatoria intestinal no esta caracterizada en
Espana. A consecuencia de su baja prevalencia son necesarios estudios prospectivos y

multicentricos para evaluar la incidencia y prevalencia de esta infeccion.

Una comunicacion fluida y directa con el Servicio de Microbiologia es crucial para conocer
los resultados positivos de forma mas precoz y asi poder tomar las decisiones terapéuticas

mas adecuadas tan pronto como sea posible.

No deberiamos pedir de forma rutinaria muestras de heces en todas las recidivas desde el
inicio del cuadro clinico. S6lo se deberian solicitar cuando el paciente presente factores de
riesgo para la infeccion y en todos los pacientes hospitalizados. Ademas las deberemos
pedir cuando el paciente no responda a la optimizacion o intensificacion del tratamiento

basal y al tratamiento corticoideo.

No es necesario confirmar la resolucion microbioldgica con muestras de heces de control

tras el tratamiento si el paciente ha mejorado.
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La infeccion por Clostridium difficile fue frecuente durante los primeros 3-7 afios después
del diagnostico de la enfermedad inflamatoria intestinal (50% y mas del 70%
respectivamente). Una cuarta parte de los episodios ocurrié durante el primer afio tras el
diagnostico de la enfermedad. La EII, por si sola, es un factor de riesgo para la infeccion
por Clostridium difficile y es posible que al diagndstico de la EII, la inflamacién no esté

bien controlada atn y esto constituya un factor predisponente para la ICD.

El comportamiento de la colitis ulcerosa (CU) y la enfermedad de Crohn (EC) con o sin
infeccion por Clostridium fue diferente: la ICD hace que el comportamiento de la CU sea
similar al comportamiento de la EC sin Clostridium difficile. La CU con la infeccion tiene
mayor posibilidad de recidiva de forma mas temprana que la CU sin infeccion, donde la
evolucion sélo depende de su evolucion natural. Sin embargo, en la EC las recidivas fueron
menos frecuentes en comparacion con la EC sin infeccion, en donde las recidivas dependian

de la evolucidn natural de la enfermedad sin un desencadenante externo de la recidiva.

La infeccion por Clostridium difficile es una enfermedad prevenible y tratable. El control
de los factores de riesgo de la infeccion (profilaxis) y una temprana deteccion de la misma

son fundamentales para la prevencion Yy el tratamiento precoz, respectivamente.

Debemos tener un alto grado de sospecha:

e En pacientes con enfermedad inflamatoria intestinal activa colénica. (CU y EC con
localizacion colonica). Hemos encontrado que la ICD es mas frecuente en CU con

localizacién rectal. La CU es un factor de riesgo independiente para la ICD.
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e En el diagnostico de la enfermedad inflamatoria intestinal: en ese momento hay mas
riesgo para la infeccion por Clostridium difficile. Hemos encontrado que se trata de un
factor de riesgo independiente para la infeccion. Estos resultados podrian apoyar el

papel que el Clostridium difficile puede jugar en la aparicion de la EII.

e Después de cualquier episodio de ICD: los pacientes con EII tienen una mayor
probabilidad de recurrencia, especialmente después de las primeras ocho semanas tras
finalizar el tratamiento. La mayoria de los episodios ocurrieron en personas jovenes y
fueron adquiridos en la comunidad. El diagnostico fue hecho como paciente
ambulatorio. Ademas, los pacientes con EII tienen un perfil de riesgo diferente si los
comparamos con la poblacion general, y la EII por si solo pudiera jugar algun papel en

la ICD.

La mayoria de los episodios de ICD fueron leves-moderados. Necesitamos establecer
marcadores pronosticos para determinar el riesgo de desarrollar una infeccion grave
mediante la realizacion de estudios prospectivos y multicentricos. ESCMID guia clinica
para la poblacion general, considera que la EII por si sola es un marcador pronostico de una

infeccion por Clostridium difficile severa.

En nuestro estudio, en pacientes espafioles con EII, los factores de riesgos independientes
en el andlisis multivariante para la infeccion por Clostridium difficile fueron: CU,
coincidencia al diagndstico de la EII, antibidticos tres meses antes del episodio y la
presencia de comorbilidades. Los IBP tres meses antes del episodio, fueron un factor de

riesgo en el analisis univariante.

214



La infeccion por CD se trata de una enfermedad prevenible y tratable. Dos de estos factores
de riesgo son prevenibles (antibidticos e IBP), otro se puede sospechar precozmente (al
diagnostico de la EII) y la comorbilidad no es modificable pero si mejorable. Ademas, la
identificacion de los factores de riesgos modificables, evitar un sobreuso de los IBP y tener
un tratamiento antibidtico escalonado juega un papel esencial en la prevencion de los

episodios por ICD en los pacientes con EIL

El porcentaje de hospitalizacion fue bajo, pero los pacientes con EIl necesitaron de manera
mas significativa mas hospitalizacion. La mayoria de los episodios tuvieron una severidad
moderada. Asi nosotros debemos mejorar la comunicacion con el Servicio de Urgencias
para hospitalizar s6lo aquellos pacientes que lo necesiten. El uso de IBP y antibioticos de

amplio espectro debe ser cuidadoso en los pacientes hospitalizados.

No encontramos una peor evolucion, pero los episodios de Clostridium difficile tienen una
tendencia a una mayor escalada terapéutica 6 meses después de los mismos. No
encontramos episodios con cirugia un afio despué¢s. Mds aun, no tenemos mas

complicaciones o muertes asociadas a la ICD por si misma.

En nuestro estudio no encontramos que los tratamientos inmunosupresores y biologicos
fueran un factor de riesgo para un unico episodio de infeccion por Clostridium difficile.
Ademas no encontramos una mayor proporcion de tratamiento combinado. Nosotros no

encontramos diferencias en la evolucion de los pacientes con infeccion por Clostridium en
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tratamiento inmunosupresor y bioldgico en los episodios de infeccion por Clostridium

difficile.

Hemos encontrado los siguientes factores de riesgo independiente en el analisis
multivariante para la recurrencia de la ICD en los pacientes con EII: colitis ulcerosa,

tratamiento inmunosupresor y bioldgico.

La calprotectina fecal pudiera jugar un papel en la clasificacion de estos pacientes en grupos
de riesgo y su seguimiento. Necesitamos mas esturdios para determinar el valor real de este
marcador bioldgico en el manejo de la infeccion por Clostridium difficile. Sin embargo los
niveles de albumina y creatinina no resultaron ser ttiles para elaborar estos grupos de riesgo

ya que en la mayoria de los casos aparecian en cifras dentro de la normalidad.

En nuestro hospital la mayoria de los pacientes eran de mediana edad, sin embargo el
subgrupo de paciente de mas de 65 afios parece tener un comportamiento diferente con
peor evolucion, prondstico y mayor numero de recidivas. Asi deberiamos empezar el

tratamiento con vancomicina oral en estos pacientes.

Tanto el metronidazol como la vancomicina resultan igual de eficaces, sin embargo la

vancomicina resulta mas util para tratar episodios recurrentes y evitar recurrencias.
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Los resultados de nuestro estudio pueden ser ttiles para definir grupos de riesgo en la ICD,
ademas nuevas intervenciones se requieren para prevenir los episodios (tratamiento

apropiado y prevenir/evitar factores de riesgo).

En nuestra opinion seria necesario la creacion de un grupo de trabajo multidisciplinario para
desarrollar guias clinicas para el manejo de la ICD en los pacientes con EII: diagnostico,

tratamiento y estrategias de prevencion en Europa.
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10.8 Recomendaciones basadas en nuestras conclusiones

- Debemos sospechar una sobreinfeccion por CD en el momento del diagndstico inicial de
una EII, para iniciar el tratamiento especifico tan pronto como sea posible. Es obligatorio,
al diagnodstico de una EII, hacer un diagndstico diferencial con otras causas de diarrea

infecciosa, como la infeccion por Clostridium difficile.

- Debemos tener un alto grado de sospecha en pacientes con EII activa de localizacion

colonica al momento del diagndstico y durante su evolucion.

- Habria que optimizar el tratamiento de base afiadiendo tratamiento local y aumentar de la

dosis de mesalazina oral.

- A menudo, optimizando el tratamiento se va a controlar la recaida y no seria necesario

solicitar muestras de heces para investigar la presencia del CD.

- Eliminar los factores de riesgo y controlar a los individuos de alto va a permitir la profilaxis

o la deteccion temprana de CD.

- El primer paso del manejo de la CU con ICD seria optimizar el tratamiento oral y local con
mesalazina y tratamiento antibidtico. Seria esencial explicar al paciente la importancia de

su adhesion al tratamiento topico.

- Uno de los principales objetivos del tratamiento de la EII es evitar el tratamiento con
corticoides. Nosotros no pudimos, no tratar con corticoides: episodios leves-moderados
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(episodios sin severidad clinica o en los parametros de laboratorio). Ademas, seria
beneficioso para el paciente comenzar con tratamiento so6lo en los episodios leves sin
riesgos de complicaciones o recurrencias. Necesitamos estudios controlados prospectivos
de tratamiento de la infeccion por Clostridium en los pacientes con EIl. En los pacientes
hospitalizados parece razonable comenzar con corticoides intravenosos y metronidazol o
vancomicina mientras esperamos por el resultado de los test de Clostridium. Aunque los
pacientes de Consulta externa en mejores condiciones la decision puede esperar hasta la

confirmacion de la infeccion por las muestras de heces.

Necesitamos elaborar protocolos especificos para tratar la ICD en los paciente s con EII de
forma especifica. Asi, probablemente después de una recurrencia, episodios severos y
pacientes con alto riesgo de recurrencia deberiamos utilizar vancomicina como primera
opcion terapéutica: En nuestra area la CU recurre mas que la EC. Asi en el tratamiento de
la CU debemos utilizar vancomicina, al menos después de la primera recurrencia. Mas aun,
(deberiamos tratar con vancomicina todas las ICD en pacientes con CU desde los primeros
episodios o solo en el subgrupo de pacientes hospitalizados, en riesgo de recurrencia o en
episodios severos? Necesitamos estudios prospectivos y multicentricos en pacientes con EII
para definir los grupos de riesgo con peor evolucion y evaluar las mejoras estrategias para

ellos basados en la edad del paciente, marcadores biologicos de severidad y comorbilidades.

Necesitamos estudios prospectivos y controlados para evaluar las mejores opciones de
tratamiento en cada subgrupo de nuestros pacientes con EII basados en el riesgo de

recurrencia, el nimero de episodios y la severidad.
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10.9 Discusion de nuestros resultados

Nos gustaria destacar en este resumen nuestras conclusiones sobre el manejo terapéutico de la
infeccion por Clostridium difficile. Quiza es el aspecto en el que tendriamos que introducir

cambios en nuestro manejo y establecer protocolos de actuacion nuevos-

10.9.1 Tratamiento de la infeccion por Clostridium difficile

En este resumen nos ha parecido més importante destacar los aspectos relativos al
tratamiento. Necesitamos estudios prospectivos, controlados para valorar la mejor
aproximacion terapéutica en los pacientes con EII e infeccion por CD. Es mas, necesitamos
estudios prospectivos y multicentricos en pacientes con EII (debido a su baja prevalencia) para
definir grupos de riesgo basados en la severidad clinica y parametros de laboratorio y de acuerdo

a esto, definir las mejores opciones terapéuticas.

En nuestra opinion hay dos aspectos esenciales en el manejo de estos pacientes:
profilaxis y manejo precoz de la infeccion. El primer paso en el manejo de la CU con infeccion
por Clostridium difficile seria optimizar el tratamiento oral y rectal con mesalazina, ademas del
tratamiento antibiotico. En nuestro estudio, solo uno de cada tres pacientes fue tratado con
mesalazina rectal en el momento de la infeccion. Tras optimizar el tratamiento de base
anadiendo tratamiento topico rectal incrementamos la dosis de mesalazina oral. Un paciente
puede tener una recidiva si no sigue el tratamiento (en el caso de una colitis ulcerosa distal, no
usando tratamiento local). A menudo, la optimizacion del tratamiento es suficiente para
controlar la recidiva y no es necesario investigar la presencia de toxina de CD en las heces del
paciente. Asi, seria crucial que los médicos explicaran a los pacientes la importancia de la

adhesion al tratamiento local.
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En nuestro centro se suele utilizar, de forma rutinaria el mismo tratamiento antibiotico
(metronidazol oral) en la mayoria de los episodios ya sea el primero o sucesivos: leve-moderado
o severo (aunque la mayoria de ellos fueron leve-moderado). Sin embargo, tuvimos un 18% de
recurrencia. Mas aun, nosotros combinamos el tratamiento antibidtico con corticoides en mas
de un 70% de los pacientes. >En 1 de cada 3 pacientes la prednisona fue el medicamento de

eleccion, con una dosis media de 40 mg.

Uno de los principales objetivos del tratamiento de la EII es evitar el uso concomitante
de corticoides. Asi en el paciente con EII infectado por Clostridium seria interesante comenzar
unicamente con el tratamiento antibidtico en los episodios leves sin riesgo de complicacion o
de recurrencia. Sin embargo, nos encontramos con el problema de definir la severidad del
episodio y hasta ahora no disponemos de guias especificas para tal fin. Asi el tratamiento
antibidtico solo para la infeccion por Clostridium difficile en los pacientes con EII con una

recidiva grave no puede ser recomendado.

En los pacientes hospitalizados con un episodio moderado-severo parece razonable
comenzar el tratamiento con corticoides intravenosos y metronidazol o vancomicina mientras
esperamos los resultados de las muestras de heces. Sin embargo, la decision terapéutica puedes
ser demorada en espera de resultados en los pacientes que acuden por Consultas Externas con
episodios leves-moderados, pudiendo comenzar con la optimizacion del tratamiento basal del
paciente. Asi podriamos no tratar con corticoides: episodio leve-moderado o episodios sin
severidad clinica o en los parametros de laboratorio. Por todas estas razones, las estrategias para
el majo de la infeccion por Clostridium difficile en los pacientes con EII, seria acorde con la
edad de la paciente marcadores bioldgicos de severidad y la presencia de comorbilidades. Pero
(Cudl es el mejor tratamiento antibiotico? El tratamiento con metronidazol y vancomicina
efectivo en mas de un 88% de los casos. Asi, la mayoria de los pacientes responden inicialmente
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al tratamiento antibidtico pero un 10-40% pueden tener una recurrencia posterior asociada a la
presencia de Clostridium en las heces. La ICD es dificil de tratar y la recurrencia tras un primer
episodio es alta, por lo que estaria justificado un tratamiento mas especifico en caso

seleccionado.

En nuestros opinion el punto clave es no solo el tratamiento de los episodios,
metronidazol y vancomicina son igual de eficaces a la hora de tratar la infeccion pero a la hora
de prevenir la recurrencia la vancomicina ha mostrado ser mejor. Ademas probablemente
después de la primera o siguiente recurrencia en los episodios severos y pacientes con alto

riesgo de recurrencia deberiamos usar vancomicina como primera opcion terapéutica.

Sin embargo, estas recomendaciones se aplican a la poblacion general pero no de forma
especifica a la poblacion con EII. Necesitamos estudios prospectivos, multicentricos y
controlados para evaluar la mejor opcion terapéutica para cada subgrupo de nuestros pacientes

con EII basados en el numero, severidad y riesgo de recurrencia de los episodios.

Los episodios més frecuentes en nuestro estudio fueron con severidad leve-moderada y
se us6 como primera linea de tratamiento el metronidazol oral (mas de un 90%) ya sea en los
primeros episodios como en las recurrencias. La vancomicina y los probioticos fueron usados

en un porcentaje mas bajo.

La guia de la Sociedad Europea de Microbiologia Clinica y Enfermedades Infecciosas
(ESCMID), en la seccidon de recomendacion de tratamiento antibidtico oral para el primer
episodio en una infeccidon no severa recomienda: metronidazol, 500 mg 3 veces al dia durante
10 dias (grado A) como primera opcidn y vancomicina 125 mg 4 veces al dia durante 10 dias
(grado B). Ademas en la ultima frase, mencionan una opcion diferente de tratamiento: “la no

administracion de antibioticos o su retirada y observar la respuesta clinica del paciente durante
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48 horas” (grado C) (ver apéndices: tabla 4). Asi les tratamos a nuestros pacientes segun los
criterios de una guia clinica disefiada para poblacién general. Sin embargo, la Gltima frase en
esta seccion es muy interesante porque si pudiéramos tener el resultado de las muestras en 24
h, seria posible antes que nada optimizar el tratamiento de la enfermedad inflamatoria intestinal

mientras esperamos el resultado de las muestras.

Este punto es también importante en nuestro caso ya que nuestros pacientes no usaban
tratamiento topico en el momento del episodio y por otro lado podriamos evitar el uso de
corticoides orales. Nosotros usamos una combinacion de tratamientos antibioticos y corticoides
en mas de un 70% de los pacientes. La prednisona fue el corticoide mas utilizado con una dosis
media de 40 mg al dia. Asi seria necesario comenzar tan pronto como sea posible con el
tratamiento especifico para la infeccion y evitar el uso de corticoides en los casos leves. No
tenemos estudios prospectivos especificos en los pacientes con EII donde este procedimiento

haya sido estudiado.

Tenemos un ratio bajo de episodios severos, pero su tratamiento fue el mismo en que el
caso de los episodios leve-moderado. La recomendacion de las guias es utilizar vancomicina a
dosis de 125 mg cuatro veces al dia durante 10 dias o vancomicina 500 mg cuatro veces al dia
durante 10 dias. Como tratamiento de primera eleccioén ya que tiene un ratio de cura mas alto

que el metronidazol en esta situacion (grado A) (ver apéndices: tabla 5).

Nuestro porcentaje de recurrencias fue alto pero concordante con la literatura. Usamos
el mismo tratamiento en todos los casos: metronidazol oral en un 90% de los episodios. La guia
recomienda como tratamiento para la primera recurrencia: vancomicina 125 mg cuatro veces
al dia durante 10 dias (grado B) o fidaxomicina 200 mg dos veces al dia durante 10 dias (grado
B). Y como tratamiento de las multiples recurrencias (mas de una): vancomicina a dosis de 125

mg cuatro veces al dia durante 10 dias seguida de un régimen pulsado (125-500 mg/dia cada 2-
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3 dias) durante al menos tres semanas (grado B) o vancomicina dosis de 125 mg cuatro veces
al dia durante 10 dias seguida de un régimen de descenso gradual de la dosis a 125 mg/dia.
Este subgrupo de paciente necesita ser tratado para evitar mas recurrencias (ver apéndices:

tablas 6y 7).

Identificar los pacientes con EII con un mayor riesgo para la infeccion por CD y la
prevencion o diagndstico temprano es el primer paso. En nuestra area son factores de riesgo
independientes para la infeccion: la colitis ulcerosa, el momento del diagndstico de la EII,
ingesta de antibidticos tres meses antes de los episodios y la presencia de comorbilidades.
Ademas, aparecen como factores de riesgo en el analisis univariante: la toma de inhibidores de
la bomba de protones tres meses antes de la aparicion del episodio. En los episodios recurrentes
fueron factores de riesgo independiente la colitis ulcerosa y el tratamiento inmunosupresor y
bioldgico. Basandonos en nuestro estudio podriamos cambiar nuestra estrategia terapéutica (ver
capitulo 6: nuestras propuestas para modificar el manejo de la infeccion por Clostridium

difficile en los pacientes de nuestra area).

Necesitamos marcadores prondsticos especificos para los pacientes con EII, a fin de
mejorar el tratamiento de la infeccion por Clostridium difficile en este tipo de pacientes. Si
estudidsemos con detalle las recomendaciones de la Guia de la Sociedad Europea de
Microbiologia, los marcadores pronosticos utilizados fueron: edad superior a 65 afos,
leucocitosis mayor de 15.000 1/c, albumina inferior a 3 gr, aparicion de insuficiencia renal y la
presencia de comorbilidades. En esta seccion, se consider6 a la enfermedad inflamatoria
intestinal por si misma un factor de riesgo para desarrollar una infeccion severa por Clostridium
difficile (ver apéndices: tabla 2). Asi, si seguimos las guias generales, la EIl per se es un
marcador pronostico para el desarrollo de una infeccion severa. Por lo tanto, necesitamos guias
especificas para el tratamiento de la ICD en los pacientes con EIL.
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Hay pocos datos y escasos estudios controlados sobre la eficacia de otros tratamientos
para la ICD en los pacientes con EII como los probidticos o el trasplante fecal, ambos utilizados
mas frecuentemente en la poblacién general; el trasplante fecal en episodios severos o
recurrentes. Sin embargo estos datos no han sido investigados en los pacientes con EII con
infecciéon por CD. En nuestra opinion el trasplante fecal parece una opcion viable para el
tratamiento tanto de la infeccion por Clostridium difficile como de la propia enfermedad
inflamatoria intestinal per se, sin embargo esto debera ser confirmado mediante la elaboracién

de estudios controlados.

10.9.2 Subgrupo de pacientes con mas de 65 afos

Este subgrupo supone menos de un 10% de los episodios de ICD pero su
comportamiento parece ser interesante. Ellos no tuvieron comorbilidades y el diagnostico fue

hecho como paciente ambulatorio a diferencia de la poblacion general con esta edad.

La EII tuvo el mismo comportamiento que en los pacientes mas jovenes: mas frecuente
en CU y EC con localizacion colonica. El diagnostico de la EII fue hecho con més de 40 afios
de edad y la infeccién ocurrié durante los primeros cinco afnos de evolucion de la enfermedad.
Encontramos que un 20% de los episodios aparece en el momento del diagnostico de la EIl y

que la mitad de ellos requirié hospitalizacion.

El uso de IBP fue frecuente en los pacientes con la infeccion por Clostridium difficile,
no asi el uso de antibidticos. El porcentaje de recurrencias fue alto (30%) lo cual podria justificar
que este subgrupo fuese tratado con antibidticos con menor porcentaje de recurrencias. En el
momento de los episodios habia un porcentaje mas elevado de tratamiento inmunosupresor y

biologico (40% y 30% respectivamente) y uno de cada 3 pacientes tuvo tratamiento combinado.
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Ellos tuvieron tendencia a la escalada terapéutica. Un bajo porcentaje de los episodios requirio
hospitalizacion, cirugia y tuvo complicaciones y mortalidad en los pacientes con la ICD. Este

subgrupo es pequefio y se necesitarian estudios mas grandes para confirmar estos resultados.
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Aportaciones originales de nuestro estudio

Nuestro estudio tuvo las siguientes limitaciones: fue un estudio retrospectivo
desarrollado en un Unico centro con una pequefia muestra. Revisamos las historias clinicas en
papel siendo muy dificultosa la extraccion de ciertos datos acerca de la severidad de la
enfermedad. Ademas los pardmetros de laboratorio no fueron solicitados en todas las recidivas

por sus médicos responsables.

A pesar de estas limitaciones, nuestros hallazgos son similares a los obtenidos en
estudios previos y subrayan las variables mas importantes a considerar durante la valoracion de
los riesgos y opciones de tratamiento en un primer episodio o en episodios recurrentes de

infeccion por Clostridium difficile.

Nuestro estudio es el primero en evaluar, mas que factores de riesgo en pacientes con
EII en Espafia. También valoramos recurrencia y evolucion. Nuestros hallazgos podrian tener
implicaciones para el tratamiento y control de la infeccion por CD en nuestra area y podria

ayudar a establecer un perfil de riesgo para la infeccién por CD en los pacientes con EIL

Este estudio es un primer paso en la investigacion de la infeccion por CD en los
pacientes con EII. Seria importante la creacion de grupos de trabajo multidisciplinarios para la
elaboracion de estudios multicentricos a nivel europeo y crear protocolos para el diagnoéstico,

tratamiento y prevencion de la infeccion en este tipo de pacientes.
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