1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

1duasnue Joyiny vd-HIN

éPL "VS)))\

NIH Public Access

Y (A
] a2 & Author Manuscript

o
R s

Published in final edited form as:
Infect Dis Clin North Am. 2009 September ; 23(3): 727—743. doi:10.1016/j.idc.2009.04.011.

Clostridium difficile Infection in the Intensive Care Unit

David J. Riddle, M.D.& and Erik R. Dubberke, M.D., M.S.P.H.b

aFellow, Department of Medicine, Division of Infectious Diseases, Washington University School of
Medicine, St. Louis, Missouri

bAssistant Professor, Department of Medicine, Division of Infectious Diseases, Washington
University School of Medicine, St. Louis, Missouri

Synopsis
Clostridium difficile infection (CDI) is becoming more common worldwide. The morbidity and
mortality associated with C. difficile is also increasing at an alarming rate. Critically ill patients are
at particularly high risk for this disease due to the prevalence of multiple risk factors in the patient
population. Treatment of C. difficile continues to be a difficult problem in patients with severe or
recurrent disease. This article seeks to provide a broad understanding of CDI in the intensive care
unit, with special emphasis on risk factor identification, treatment options, and disease prevention.
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Introduction

Diarrhea is a common problem in critically ill patients regardless of the disease process that
necessitated admission to the intensive care unit (ICU). Overall, up to 40% of patients will
develop diarrhea after admission to the ICU [1]. Certain patient populations, such as those
suffering extensive burns, may have an incidence of diarrhea greater than 90% [2].
Furthermore, patients that develop diarrhea are at risk of other complications such as
dehydration, hemodynamic instability, malnutrition, electrolyte imbalances, and skin
breakdown [3]. Enteral feeding is the most common cause of diarrhea in the intensive care
setting; however other non-infectious causes include hypoalbuminemia, intestinal ischemia,
and medication-induced [4,5]. Clostridium difficile infection (CDI) is the most common
infectious cause of diarrhea in the ICU [4].

First discovered in 1935 [6], C. difficile was not identified as a cause of pseudomembranous
colitis in humans until 1978 [7]. Since that time, C. difficile has been recognized as the most
common cause of nosocomial infectious diarrhea [8]. Recent changes in CDI epidemiology
have had a significant impact in the ICU setting. The incidence of CDI is increasing in the ICU,
as well as the hospitalized population as a whole [9]. The severity of CDI also is increasing,
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prompting more admissions to the ICU for management of CDI related complications [10].
Recent data indicates outcomes may be improved by recognizing patients with more severe
CDI and prompt initiation of the most appropriate therapy.

Pathogenesis and Epidemiology

C. difficile causes diarrhea through the secretion of exotoxins within the gastrointestinal tract.
The production of toxin is necessary for C. difficile to cause disease and invasion of C.
difficile across the colonic mucosa is exceedingly rare. Toxin A causes neutropilic infiltration
and damage to the colonic mucosa [11,12]. Toxin B has similar destructive effects on the
colonic mucosa, but appears to be roughly 10 times more cytotoxic than toxin A [13]. Necrosis
and sloughing of cellular debris into the colonic lumen results from the interaction of the toxins
with colonocyte surface receptors that induce the degradation of actin filaments [14]. Toxin
induced cytokine release also triggers the exudation of inflammatory cells and proteins from
the resulting mucosal ulcerations [15]. The resulting inflammatory exudate forms the
pseudomembrane that is nearly pathognumonic for CDI [13].

Roughly 3% of healthy adults are asymptomatically colonized with C. difficile [16].
Colonization rates increase to as much as 50% in patients residing in long-term care facilities
[17]. As many as 60% of patients that acquire the organism in the healthcare setting will remain
asymptomatic [18]. Generally, an individual’s risk of becoming colonized with C. difficle is
directly proportional to length of the hospital stay, with mean time to acquisition of the
organism of two weeks [19]. Additional studies have found that length of stay is a surrogate
for exposure to patients with CDI, and is not an independent risk factor for CDI [20].

Patients that lack previous or established colonization with C. difficile are at highest risk for
developing symptomatic disease after becoming infected with the organism. A review of
several longitudinal studies showed that only about 1% of individuals that were already
colonized with C. difficle at the time of hospital admission developed diarrhea, but 5% of
previously uncolonized individuals had symptomatic disease after new acquisition of the
organism [21]. This disparity is thought to be due to a protective effect from anti-toxin
antibodies in patients with prior exposure. Patients that are capable of mounting a brisk
antibody response to the C. difficile toxins after exposure are also less likely to develop
symptomatic disease [22].

The overall incidence of CDI varies between centers, but generally about 2% of all hospitalized
patients will develop symptomatic infection [23]. In the intensive care setting, CDI is more
common with an overall incidence of roughly 4% [24]. Up to 20% of ICU patients that develop
symptomatic disease will progress to a fulminant colitis with a mortality rate of nearly 60%
[25,26].

Although numerous strains coexist within a single hospital, outbreaks are typically linked to
a single strain. The spores of C. difficile are difficult to eradicate due to a resistance to many
environmental cleaning detergents [27] and can be isolated from environmental swabs taken
from a patient’s room months after discharge [28]. Although persistence in the environment is
well documented, it is typically thought to spread through person-to-person transmission.
Health care workers are often responsible for spreading the organism on their hands or medical
equipment [18].

The incidence and severity of CDI among hospitalized patients continues to increase
worldwide. According to data from the National Inpatient Sample, the number of patients
diagnosed with CDI in US hospitals doubled between 2000 and 2005 to 11.2 cases per 10,000
population [9]. The age-adjusted CDI-related mortality showed a similar trend, increasing from
1.2%in 2000 to 2.2% in 2004 [9]. Overall 30 day mortality in patients with CDI in the intensive
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care unit is almost 40% during 2004 and 2005. Case control analysis estimated a 6% mortality
was directly attributable to CDI in critically ill patients [29].

A hypervirulent strain of C. difficile, the North American pulse-field gel electrophoresis type
1 (NAP1) strain, has also been implicated as a cause of the increasing severity of CDI.
Epidemics from this strain have occurred across the US, Canada, and Europe [23,30-32].
Patients infected with this strain undergo a higher proportion of urgent colectomies [33] and
attributable mortality is estimated to be roughly 17% [34]. A deletion in the toxin regulatory
gene, tcdC, is thought to allow the NAP1 strain to overproduce toxin A and toxin B by as much
as 15 to 20 fold [32]. The NAP1 strain also produces binary toxin, although this virulence
factor’s role in pathogenesis is currently unknown [31]. Outbreaks of the NAP1 strain are
strongly associated with the use of fluoroquinolones, although other antibiotics are also
implicated [33,35].

Risk Factors

There are numerous independent risk factors reported for developing symptomatic disease after
acquisition of C. difficile. The risk factors that are most consistently identified in the literature
include antibiotic exposure, age > 60 years, longer duration of hospital stay, severe underlying
disease, and gastric acid suppression [36]. Many of these factors are often found in critically
ill patients residing in the ICU, making it unsurprising that ICU stay is also a commonly sited
risk factor [37]. The most pertinent, potentially modifiable risk factors for intensive care
patients are discussed below.

Exposure to antimicrobials is the most important risk factor for the development of CDI [37].
Preceding antibiotic administration is demonstrated in roughly 95% of inpatient cases [38].
The disruption of the normal flora caused by antibiotics allows C. difficile to colonize and
overgrow within the gastrointestinal tract. Nearly every antibiotic has been implicated in
leading to CDI, however broad spectrum antibiotics with anti-anaerobic activity appear to
cause the greatest risk [37]. Prior to the epidemics from the NAP1 strain, clindamycin,
ampicillin, and cephalosporins were the most frequently implicated [37,39]. With the
increasing use of fluoroquinolones in hospitalized patients, these antibiotics have also emerged
as an important cause of CDI [35]. Outbreaks of NAP1 related CDI are more specifically linked
to the 8-methoxy fluoroquinolones, moxifloxacin and gatifloxacin. Administration of multiple
antibiotics or using longer treatment courses also increases the risk of developing CDI [35,
37].

Several retrospective studies have shown that hospitalized patients are over twice as likely to
develop CDI if prescribed proton pump inhibitors (PPIs) [36,40]. This is especially relevant
for patients in intensive care units where gastric acid suppression is a routine intervention due
to the extremely high incidence of stress related mucosal damage [41]. The usual acidic
environment of the stomach is fatal to the vegetative form of C. difficle and may make it less
likely that the spore form will be able to germinate after passing into the bowel [42]. Once the
pH rises above 5, even vegetative C. difficile is able to survive gastric exposure [42]. PPIs also
appear to cause an alteration in the gastrointestinal flora that may also create a niche for C.
difficle colonization [43].

Enteral feeding is another common practice in intensive care units that has been implicated as
a possible contributing factor in the development of CDI. Up to 60% of patients receiving
enteral feeds will develop diarrhea so it is often difficult to distinguish infected from non-
infected patients [44]. Several factors associated with tube feeding are thought to increase the
risk of infection, including contamination of the formula or equipment during handling [45],
or an alteration of the colonic environment associated with the special formulas [46]). In a
prospective cohort study involving 152 patients, enteral feeding increased the risk of C.
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difficile acquisition from 8% to 20% and the risk of developing CDI from 1% to 9% [47]. The
finding that enteral feeding doubles the risk of CDI has also been demonstrated in other
prospective studies [24,48]. The risk appears to be greatest when the patients were fed with a
postpyloric tube [47].

Mechanical ventilation has also been demonstrated as a risk for both the development of CDI
and increased disease severity in the few studies that evaluate this risk factor. Mechanical
ventilation was associated with the acquisition of C. difficile while in the ICU; however
statistical significance was not maintained after adjusting for confounders [24]. Ventilator
support was found to increase the risk of developing CDI by 2 fold based on multivariable
logistic regression on data from 36,086 patients [36]. Post-operative ICU patients that
developed CDI had a median duration of ventilator support greater than 24 hours, compared
to only 12 hours in the uninfected cohort [49].

anifestations

CDI has a wide range of manifestations, causing a self-limited mild diarrheal illness to a
fulminant life-threatening colitis [50]. The onset of CDI symptoms may range from 1 day to
up to 10 weeks after antibiotics are administered; however most cases begin between within 3
and 7 days of exposure [51-54]. The watery diarrhea of CDI is usually accompanied by low-
grade fever and cramping abdominal pain. Although standard definitions of disease severity
are lacking, systemic symptoms generally increase with the degree of colitis. Severe cases of
colitis can progress to ileus or toxic megacolon that may cause a paradoxical decrease in the
amount of diarrhea [51-54] or may result in an acute abdomen [55].

CDlI is diagnosed by confirming the presence of a toxigenic strain of C. difficile or one of its
toxins in the stool of a patient with symptoms that are consistent with the disease. Unlike most
other bacterial infections, isolating the organism in culture is expensive, time consuming, and
insufficient to prove disease due to the existence of nontoxigenic C. difficile in the stool. The
presence of non-toxigenic strains of C. difficile can result in a false positive rate that exceeds
10% if culture alone is used to diagnose CDI [56]. Proving the cultured organism is pathogenic
requires further analysis to determine the presence of toxin A, toxin B, or the virulence factor
genes.

Multiple toxin detecting tests are commercially available for the diagnosis of CDI. The
laboratory gold standard for detection of C. difficile toxins in the stool is the cytotoxicity cell
assay. When filtered diarrheal stool that contains C. difficile toxins is added to cultured
fibroblasts a characteristic cytopathic effect is seen. The cytotoxicity cell assay is largely
considered too impractical for routine use due cost, time delays, and need for cull culture
equipment, and has been replaced by enzyme linked immunosorbant assays (ELISAS) in most
centers [57]. The ELISAs are relatively inexpensive and can confirm the diagnosis within
several hours. Most currently available ELISAs are capable of detecting both toxin A and toxin
B and have sensitivities that approach 90% in comparison to the cytotoxicity assay [58].
Another EIA that detects C. difficile glutamate dehydrogenase (GDH) is highly sensitive, but
must be also be confirmed by a toxin detecting assay since this enzyme is also produced non-
toxigenic strains [59].

Up to 20% of critically ill patients may suffer from ileus and lack the diarrhea typically
associated with CDI [60]. A lack of diarrhea coupled with an inability of the critically ill patient
to communicate with care providers may make diagnosis of CDI extremely difficult.
Intensivists will need to maintain a high index of suspicion and must often rely on physical
exam and laboratory findings to make the diagnosis. Exam findings such as fever, abdominal
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pain, and abdominal distention are likely to be present in severe colitis. Hematology panels
may also uncover a significant leukocytosis (often > 20,000 cells/mm?2) and bandemia [61].
Elevation in serum lactate dehydrogenase is a relatively nonspecific finding for gastrointestinal
disease, but may also be a potential clue to the presence of CDI [62,63]. These findings often
precede multiorgan dysfunction and should prompt urgent consideration of CDI as a possible
cause [61,64,65].

In the uncommon event that the diagnosis of CDI cannot be established through stool testing
or compatible clinical syndrome, endoscopy may be a useful adjunct if the diagnosis cannot
be delayed. The goal of endoscopy is to visualize the nearly pathognomic pseudomembrane,
however colonic edema, erythema, and mucosal ulcerations may also be consistent with the
diagnosis [66,67]. Rectal sparing occurs in up to 25% of patients, but most lesions will be
visible within 60 cm from the anus so either flexible sigmoidoscopy or colonoscopy are
acceptable methods [68]. Although intestinal perforation appears uncommon in patients with
CDI that undergo flexible sigmoidoscopy, this remains an associated risk in severe disease so
endoscopic confirmation of the diagnosis should be performed with caution [67].

Computed tomography (CT) is rarely used in the diagnosis of CDI; however it may reveal
patterns consistent with colitis and can also be used as supportive evidence for the diagnosis.
Findings of colonic wall thickening >4 mm, wall nodularity, pericolonic stranding, and ascites
are common in CDI [69,70]. In a retrospective study using a combination of these criteria to
diagnose CDI based on CT scan, the sensitivity was 52% and specificity was 93% compared
to stool toxin assays [69]. Bowel wall thickening is the most sensitive finding, but lacks
specificity if not supported by other characteristic imaging changes [69]. Less common
findings also include distention of the colon, colonic fold effacement, and nodular fold
thickening [70]. Characteristic imaging findings are typically associated with other clinical and
laboratory abnormalities, but they do not necessarily correlate with severity of the disease
[71,72].

Treatment

Treatment of CDI should be based on the severity of the disease. Unfortunately, standardized
definitions for disease severity are lacking and current divisions are somewhat subjective and
artificial given the illness varies along a continuous spectrum of symptoms. In general,
symptoms of CDI can be grouped into three categories: mild to moderate, severe, and severe
disease with complications [73,74]. Mild to moderate CDI consists only of diarrhea and
abdominal cramping unaccompanied by systemic symptoms. Patients with abundant diarrhea,
abdominal pain, leukocytosis, and fever or other systemic symptoms should be considered to
have severe CDI. Individuals suffering from severe disease with complications may have any
degree of gastrointestinal symptoms that are also accompanied by paralytic ileus, toxic
megacolon, or other life threatening conditions. The disease may become progressively more
serious even after treatment has been initiated so assessment of disease category must remain
a dynamic process.

For all severities of CDI, cessation of the inciting antibiotic is the first step in treatment
whenever possible. This should theoretically allow for recovery of the normal colonic flora to
help combat the overgrowth of C. difficile. Prior to the NAP1 epidemic, stopping the
administration of antibiotics resulted in the resolution of diarrhea in nearly one-quarter of
patients with CDI [75,76]. Unfortunately, this intervention is rarely possible in the intensive
care setting since more than 60% of patients that develop CDI have documented serious
concomitant infections [38]. When it is unsafe to stop the inciting antibiotic therapy, it is
prudent to change to a more narrow-spectrum regimen when possible.
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Metronidazole and vancomycin are most common antibiotics used to treat C. difficile in patients
with symptomatic infection [77]. Both antibiotics should be administered orally in patients
able to tolerate that route. Metronidazole may also be given intravenously since both biliary
excretion and exudation across inflamed colonic mucosa allow adequate treatment
concentrations to be reached in the colon [78]. The use of intravenous metronidazole is also
supported by several published case series and extensive clinical experience [79,80].
Intravenous vancomycin is not effective for CDI since there is minimal bowel excretion fecal
drug concentration is low.

Metronidazole has historically been the drug of preference in CDI due to significant cost
advantage in comparison to oral vancomycin and equal efficacy demonstrated in prior studies
[81,82]. There has also been reluctance to use oral vancomycin due to the concern that it will
result in more intestinal colonization with vancomyecin resistant enterococci, although this
concern has been not been substantiated in the literature [83,84]. C. difficile continues to be
susceptible to both medications in vitro [85]; however recent studies indicate that the choice
of one drug over the other should now be based on disease severity [74,86].

Metronidazole remains appropriate first-line therapy for mild to moderate disease. In recent
studies, oral vancomycin appears to have improved clinical outcomes in patients with severe
disease. The decreasing efficacy of metronidazole was illustrated in a prospective observational
study of 207 patients with CDI that reported 22% of patients remained symptomatic after 10
days of metronidazole therapy and an additional 27% suffered relapse [87]. In a randomized
trial that enrolled 150 patients, metronidazole therapy resulted in a cure rate of only 76%,
compared to a 97% cure rate with vancomycin for the treatment of severe CDI [74]. The
difference between the two antibiotics was not significant of mild to moderate disease in this
study. Due to these findings, vancomycin is preferred initial therapy for patients with severe
disease or with risk factors for progressing to severe disease.

In cases of severe CDI with complications, reduced or absent bowel motility may prevent
adequate amounts of orally administered vancomycin from reaching the site of infection.
Several case reports have supported the intracolonic administration of vancomycin when oral
therapy cannot be tolerated [88—90]. Some experts will also use higher doses of oral
vancomycin with the goal of improving the chance that adequate fecal concentrations will be
reached although this practice has not been studied. Intravenous metronidazole may be added
to either oral or intracolonic vancomycin in severely ill patients with ileus, although this
approach has also not been adequately evaluated [79,80].

When the colitis is so extreme that the efficacy of antibiotic therapy is in doubt, it is extremely
important to consider surgical consultation. Fulminant C. difficile colitis that necessitates
colectomy is rare, occurring in less than 3% of all patients with CDI [91]. In the ICU patient
population, it is not surprising that the incidence of severe colitis is much higher, with 20% of
patients requiring colectomy or diversion procedures [25]. Improved mortality rates are seen
when surgical intervention is performed within 48-hours of lack of response to medical therapy
[92]. With the increased number of rapidly progressing cases secondary to the hypervirulent
NAP1 strain of C. difficile, surgical consultation is becoming even more urgent. Elderly patients
with leukocytosis and elevated lactate appear to benefit the most from early colectomy during
NAP1 epidemics [93]. Admission to the hospital for a diagnosis other than CDI, mental status
changes, prolongation of attempted medical treatment, and vasopressors support are all
predictors of postoperative mortality [93].

Multiple other antibiotics have been considered in the treatment of CDI, but none have
demonstrated any significant clinical benefits over the current conventional therapy.
Rifaximin, nitazoxanide, and fusidic acid are equally efficacious to vancomycin and/or
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metronidazole [82,94-96]. The only benefit noted with teicoplanin was a significant reduction
in stool toxin levels in comparison to vancomycin and metronidazole, but there is no
corresponding significant clinical benefit [82,95,97] and it is not available in the United States.
Combination therapy with metronidazole and rifampin has been evaluated in a single
randomized trial of 39 patients, but the only significant finding was an increase in mortality in
the combination group [98]. The lack of any significant clinical benefits coupled with reduced
physician experience with these medications has resulted in these other antibiotics being rarely
used or advocated for CDI.

Anovel macrocycle antibiotic, OPT-80, is currently in phase 3 trials evaluating its effectiveness
in the treatment of CDI. OPT-80 is minimally absorbed from the gastrointestinal tract and well
tolerated in most subjects [99]. Although highly effective aganist C. difficile, OPT-80 leaves
the majority of the gram-negative anaerobic flora of the gastointestinal tract intact [100]. A
total of 48 subjects with mild to moderate CDI participated in the trial and were randomized
to receive 100mg, 200mg, or 400mg per day of the medication [100]. Although only 77% of
patients treated with the lower dose had resolution of diarrhea within 10 days, this climbed to
94% in the high dose treatment group. Only 2 patients suffered disease relapse across all
treatment groups. Unfortunately, it is currently unknown if the drug will perform well in
patients with severe or complicated disease, but OPT-80 does show some early promise as a
potential future alternative to the current conventional therapy.

Another commonly employed strategy in combating CDI is the administration of probiotics.
The live microorganisms in the probiotic formula are intended to restore the non-pathogenic
flora to the colon, inhibit C. difficile toxin production, and stimulate the immune system
[101]. The combination of Saccharomyces or Lactobacillus probiotics with conventional
antibiotic therapy has shown no statistically significant benefit for the treatment of CDI in
several randomized controlled trials [102-105]. Saccharomyces boulardii did appear to reduce
the relapse rate of CDI when combined with conventional therapy in one randomized, placebo-
controlled trial after subgroup analysis [103]; however this result was unable to be replicated.
Although adverse effects of probiotics are rare, occasional case reports of blood stream
infections in critically ill patients with central venous catheters are reported, and being critically
ill, immunocompromised, and/or having a central venous catheter are considered
contraindications for probiotics [106]. These organisms may also become aerosolized and place
other patients in the ICU at risk for opportunistic infection [107].

Neutralizing the C. difficile toxins has been another attempted treatment strategy.
Cholestyramine and colestipol bind C. difficile toxins in vitro; however clinical trails have
shown no efficacy during acute CDI [108]. The only placebo controlled trial evaluating these
medications showed no reduction in the stool concentration of either C. difficile or its toxins
[53]. There is also a potential harm in using these medications during therapy with vancomycin
since the drugs can complex with one another and may result in subtherapeutic antibiotic
concentrations in the stool [109].

Intravenous immunoglobulin (IVIG) has also been evaluated for the treatment of CDI with the
goal of neutralizing the effect of the toxins. A poor humoral response to C. difficile toxins is
known to be associated with an increased risk of developing symptomatic disease and a higher
incidence of relapses [22]. Anti-C. difficile toxin antibodies are commonly present in healthy
subjects and typically found in pooled immuneglobulin [110]. Although theoretically
beneficial, IVIG use is currently only supported by case studies and series [110-113]. These
studies are contradicted by a retrospective analysis of 18 pair matched patients with severe
CDI that did not show a clear benefit in adding IVIG to standard antibiotic therapy [114].
Unfortunately, this study suffered from methodological difficulties such as not controlling for
the length of time between onset of symptoms and administration of IVIG. Due to the
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insufficient evidence base, IVIG cannot be generally recommended for the treatment of CDI,
although this appears to be an area worth further study, especially in patients with severe disease
or multiple relapses.

Although the evidence is anecdotal, it is generally advised that any medications with an
antiperistaltic effect be avoided in patients with CDI. Drugs that decrease intestinal motility
are thought to increase the risk of severe complications such as toxic megacolon [115].
Unfortunately, the critically ill patient population often requires sedatives and narcotics for
pain management or mechanical ventilation. Nevertheless, it is prudent to wean medications
with antiperistaltic effects if possible in patients at high risk for developing severe CDI.

Treatment Failure

Relapse

Patients typically have some symptomatic improvement, including fever resolution, within 48
hours after the initiation of appropriate antibiotic therapy for CDI [116]. A significant reduction
in the amount of diarrhea is expected within 6 days of starting therapy in most patients [116].
Failure to respond appropriately after treatment with metronidazole is associated with low
serum albumin, continued exposure to the inciting antibiotic, and residence in the intensive
care unit [117,118]. One possible physiologic explanation for metronidazole failure comes
from the observation that stool concentrations diminish as the colitis improves due to reduced
exudation across the non-inflamed colonic mucosa [78]. in vitro susceptibilities performed on
C. difficile strains obtained from the stool of patients that have failed to respond continue to
be metronidazole sensitive [119]. Although the emergence of resistance to metronidazole is
rare, many clinicians advocate changing therapy to oral vancomycin in this scenario. If patients
continue to fail antibiotic therapy with vancomycin, surgical intervention or other less
established treatments, such as 1VI1G, should be considered.

Intensivists are likely to encounter CDI relapses in patients that have prolonged stays within
the ICU. About one third of patients will develop at least one relapse to CDI regardless of initial
treatment choice [120]. Relapses have been reported to occur up to several months after the
initial episode, but most occur within the first two weeks of completing therapy. The first
relapse is followed by even more episodes of recurrent disease in 50% of patients [121]. The
risk factors of recurrent disease are similar to those associated with the first episode of CDI. It
remains unresolved if disease relapse is secondary to reactivation of latent C. difficle spores,
reacquisition of the organism from the environment, or a combination of both scenarios
[122].

Treatment of recurrent disease is a difficult problem since it has not been extensively studied
and current strategies have questionable effectiveness. Since antibiotic resistance does not
appear to be a cause of relapse, the first recurrence is generally managed similarly to the initial
disease with either metronidazole or vancomycin depending on disease severity [122].
Treatment with longer courses of oral vancomycin in either a tapering or pulse dosing schedule
is generally thought to be appropriate strategies patients that suffer multiple CDI relapses, but
this approach is only supported by case studies and not always effective [123,124]. Several
recent studies have attempted using rifaximin after a standard treatment course of vancomycin
has been completed. All but one patient remained disease free in a case series of 8 patients with
at a history of multiple CDI relapses that were treated with vancomycin followed by two weeks
of rifaximin [125]. The patient that suffered the relapse appeared had a C. difficle strain that
developed resistance to rifaximin. Another case series treated 6 patients with recurrent CDI
with rifaximin alone and five patients had no recurrence after a mean follow-up of 310 days
[126]. As noted above, combining probiotics, toxin-binding resins, or IVIG with vancomycin
therapy has shown potential in reducing the incidence of multiple relapses in some small studies
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and these may be considered on a case-by-case basis. The investigational macrocycle, OTP-80,
may also prove beneficial in treating CDI relapses in the future.

Prevention

The most essential aspect of CDI prevention is protecting patients from initial acquisition of
the organism in the healthcare setting. As with many other nosocomial pathogens, strict hand
hygiene and appropriate contact precautions are the cornerstones of reducing the spread of C.
difficile between patients. C. difficile spores are not eradicated by the commonly used alcohol-
based hand sanitizers; however the use of these products has not been associated with any
significant increases in the incidence of CDI within centers [127]. Contact precautions that
include the use of a gown and gloves when entering a patient’s room also results in a significant
decrease in new CDI cases [128,129]. The combination of rigorous hand hygiene with contact
precautions can decrease the incidence of CDI by as much as 80% [128-130].

Environmental contamination with C. difficile spores is also a potential source of disease
acquisition in the hospital setting. Rapid identification and treatment of patients is essential in
reducing the amount of spores released into the environment since the amount of contamination
correlates with the duration of symptoms [131]. Disinfection of the patient’s surroundings is
difficult since the spore form of C. difficile is resistant to standard cleaning products and may
persist in patient rooms for months [132,133]. In the absence of an Environmental Protection
Agency approved liquid disinfectant with known sporicidal activity, household bleach diluted
1:10 with water may be used and has been shown fatal rapidly fatal to C. difficile spores
[134]. There is currently no evidence that routine decontamination of patient rooms results in
a decrease in CDI, but this strep is reasonable to consider in outbreak situations.

Attention should also be directed at reducing each modifiable individual risk factor if possible.
The most significant intervention in this area appears to be ensuring the prudent use of
antibiotics through formulary restrictions and antimicrobial stewardship programs. During a
NAP1 strain outbreak in Quebec, an antimicrobial stewardship program was introduced that
resulted in a 54% reduction in antibiotic use and a 60% reduction in the incidence of CDI
[135]. When broad spectrum antibiotics are specifically restricted in antimicrobial stewardship
programs, CDI rates also fall despite the overall antibiotic use remaining unchanged [136].
More specific interventions that restrict antibiotics that are highly associated with CDI, such
as fluoroquinolones and clindamycin, have also proven successful [137-140]. In addition to
the control of antibiotic use, prudent use of other medications such as PPIs may also be
beneficial.

Conclusion

C. difficile is commonly encountered in the ICU setting and critically ill patients are at
significant risk for morbidity and mortality from this pathogen. The incidence and severity of
CDI has been increasing with new epidemics secondary to the hypervirulent NAP1 strain.
Critically ill patients share many of the risk factors for developing severing CDI so vigilance
must be maintained in this patient population in order to prevent and rapidly treat the disease.
Clinical manifestations may be variable in the ICU setting due to the high incidence of
complicated disease so intensivists should have a high index of suspicion in patients with
otherwise unexplained exam or laboratory findings associated with CDI. Treatment of choice
for patients with mild to moderate disease remains metronidazole; however patients with severe
and complicated disease should be treated with vancomycin. Intracolonic administration of
vancomycin, surgical intervention, and less-well established therapies such as IVIG may be
beneficial in some patients with severe disease. Prevention efforts remain essential in halting
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the spread of this disease within medical centers and focus on hand hygiene, contact
precautions, and antimicrobial stewardship programs.
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