American Journal of Transplantation 2013, 13: 42—-49
Wiley Periodicals Inc.

Special Article

© Copyright 2013 The American Society of Transplantation
and the American Society of Transplant Surgeons

doi: 10.1111/ajt.12097

Clostridium difficile Infections in Solid Organ

Transplantation

E. R. Dubberke®*, S. D. Burdette® and the AST
Infectious Diseases Community of Practice

@Department of Medicine, Washington University School
of Medicine, St. Louis, MO

bDepartment of Medicine, Wright State University
Boonshoft School of Medicine, Dayton, OH

* Corresponding author: Erik R. Dubberke,
edubberk@dom.wustl.edu

Key words: Antibiotic-associated diarrhea, Clostrid-
ium difficile, nosocomial infection, pseudomembra-
nous colitis, solid-organ transplant

Abbreviations: ABHR, alcohol based hand rubs; CDI,
Clostridium difficile infection; ELISA, Enzyme-linked
immunosorbent assay; GDH, glutamate dehydroge-
nase; IVIG, intravenous immunoglobulin; NAAT, nu-
cleic acid amplification test; NAP1, North American
pulsed field gel electrophoresis type 1; PPl, proton-
pump inhibitors; SOT, solid-organ transplant.

Clostridium difficile infection (CDI) is a commonproblem
encounteredin solid-organ transplant (SOT) recipients and
the incidence is increasing. SOT recipients have an inci-
dence of CDI that is higher than other postoperative pa-
tients, and this group has several unique risk factors that
may contribute to more severe disease. Recent publica-
tions in nontransplant patients have indicated that treat-
ment choices should be based on the severity of the
illness (1). Although there continues to be a lack
of well-designed, randomized, controlled trials to sup-
port the management decisions that must be made
for SOT recipients with CDI, the available evidence
is reviewed and summarized for these treatment
guidelines.

Epidemiology and Risk Factors

Clostridium difficile is a spore-forming, anaerobic, Gram-
positive bacillus. It causes 6-25% of cases of antibiotic-
associated diarrhea, up to 75% of antibiotic-associated
colitis, and over 90% of cases of antibiotic-associated
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pseudomembranous colitis (1). C. difficile causes inflam-
matory diarrhea and colonic mucosal injury through pro-
duction of two exotoxins, toxin A and toxin B, which trig-
ger a cytotoxic response, neutrophilic infiltrate and cy-
tokine release (1). The resulting inflammatory response
results in the visible yellow plaques that form the charac-
teristic pseudomembrane. This finding is less commonly
seen in patients on immunosuppressive medications (2).
Although most strains of C. difficile produce both toxins
A and B (toxigenic C. difficile), some produce only toxin
B, and some do not produce any toxin. Strains that pro-
duce only toxin B can produce the same spectrum of
illness as those that produce both toxins and are con-
sidered toxigenic. Strains that do not produce toxins A
or B (nontoxigenic) are not capable of causing C. diffi-
cile infection (CDI). Some C. difficile strains also produce
a binary toxin; however, what role this toxin plays in hu-
mans disease is not known (1). It is also important to note
that 50% or more of patients in healthcare settings colo-
nized with toxigenic C. difficile never develop CDI (1,3,4).
Whether this proportion differs in SOT recipients is not
known.

The incidence and severity of CDI have increased dramat-
ically since the year 2000 (5). These changes in CDI epi-
demiology have been associated with the emergence of
the North American pulsed field gel electrophoresis type
1 (NAP1)/restriction enzyme analysis type BI/PCR-ribotype
027 (NAP1/BI/027) strain of C. difficile (5). CDI is a more
frequently encountered problem in SOT recipients than
other hospitalized populations. The incidence of CDl is es-
timated to be 3-19% in liver recipients, 3.5-16% in kid-
ney recipients, 1.5-7.8% in pancreas—kidney recipients,
9% in intestinal recipients, 8-15% in heart recipients and
7-31% in lung recipients (6,7). This is higher than that
seen in other hospitalized patient populations, where the
incidence is typically <1% (8,9). Fulminant colitis develops
in up to 8% of immunocompetent patients and 13% of
SQOT recipients with CDI (10). The incidence of CDI in SOT
recipients is highest within the first 3 months after the
procedure, probably because of more frequent antimicro-
bial exposure, intense immunosuppression and increased
exposure to the healthcare setting (6,10). Late-onset CDI
occurs months to years after the transplant and is usually
associated with either antimicrobial exposure or intensi-
fied immunosuppression to treat graft rejection (10). It is
not known how the NAP1/BI/027 strain has impacted the



incidence and severity of CDI in SOT recipients relative to
the general hospital population.

Antimicrobial exposure is the most important risk factor for
development of CDI (7). Any antimicrobial agent may pre-
dispose to CDI, but clindamycin, ampicillin, cephalosporins
and fluoroquinolones are most frequently implicated (1).
The use of multiple antimicrobial agents and extended
treatment courses have also been identified as risk fac-
tors (1). Antimicrobial agent administration has been asso-
ciated with CDI in nearly all immunocompetent inpatients
with CDI. However, some studies have found only 80% of
transplant recipients who develop CDI have recent antimi-
crobial exposures (11). The reduced relationship with an-
timicrobial exposure in SOT recipients may be secondary to
alterations in the normal flora and impaired immunity due
to immunosuppressive medications, severe pretransplant
illness and surgical intervention.

Immune system dysfunction may also be an important fac-
tor in the development of CDI in SOT recipients. The impor-
tance of the humoral immune response is demonstrated
by a fourfold greater incidence of symptomatic disease
in patients who are newly infected and lack preexisting
immunity (12). A brisk humoral response to C. difficile tox-
ins after infection reduces the likelihood of symptomatic
disease (13). The hypogammaglobulinemia commonly as-
sociated with lung, heart and liver transplants may result
in a poor immune response and increase the incidence of
CDI by fivefold in some patient subsets (14).

The use of medications that suppress gastric acid, such
as proton pump inhibitors and H2 receptor antagonists, is
common in SOT recipients and may also serve as a signif-
icant risk factor for the development of CDI. The acidic
environment of the stomach is usually fatal to vegeta-
tive forms of C. difficile and may prevent germination of
the spore form of the organism. Proton-pump inhibitors
(PPIs) may also cause disturbances in the gastrointestinal
flora that can allow C. difficile to more easily colonize the
bowel. However, whether gastric acid suppression plays
a causative role in CDI pathogenesis or is a marker for
patients at risk for CDI remains unresolved (1). Other risk
factors commonly cited in the literature include age greater
than 65 years old, severe underlying disease, uremia, gas-
trointestinal surgery, presence of a nasogastric or endotra-
cheal tube and prolonged hospitalization (15). SOT recipi-
ents frequently have a combination of these risk factors.

Of note, infants under the age of 1 are generally not
thought to be at risk for CDI; however, asymptomatic car
riage of C. difficile in this population is common (12). In
this population, detection of C. difficile or its toxins should
not be assumed to be the cause of diarrhea until alternate
causes of diarrhea are ruled out.

- Antimicrobial exposure, advanced age, immune sys-
tem dysfunction or immunosuppression and gastric
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acid suppression are important risk factors for CDI
(11-2).

Diagnosis

CDl is diagnosed by confirming the presence of toxigenic
C. difficile in the stool of a symptomatic patient. Recent
evidence suggests that clinical information is critical when
it comes to interpreting C. difficile test results, especially
if more sensitive assays such as nucleic acid amplification
tests (NAAT) are used (16). While SOT patients may have
an atypical presentation, their transplant status should not
affect diagnostic assays. The laboratory gold standard for
C. difficile toxin detection in stool is the cytotoxicity cell as-
say, and the gold standard for detecting toxin producing C.
difficile is toxigenic culture. Cytotoxicity cell assays detect
biologically active toxin in stool. However cytotoxicity cell
assays have fallen out of favor because it is relatively labor
intensive and the delay of at least 24 h before interpreta-
tion (1). Toxigenic culture involves anaerobic culture of C.
difficile followed by testing isolates for toxin production. It
is rarely used for clinical diagnosis due to slow turnaround
time and costs. However it is an important tool for epi-
demiological studies.

According to a 2008 College of American Pathologists sur-
vey, 45% of institutions in the United States currently
use commercially available ELISAs for C. difficile toxin de-
tection (17). These assays provide a rapid turnaround of
results and are relatively inexpensive. ELISAs are gener
ally only 60-90% sensitive compared with cytotoxicity as-
says, though newer assays continue to improve detection
rates (18) and may provide better specificity (16). Even
with the relatively low sensitivity, the negative predictive
value of a negative toxin ELISA is greater than 95%, and
repeat testing increases the likelihood of a false positive
result. Therefore additional diagnostic and treatment deci-
sions after an initial negative toxin assay should be based
on the clinical suspicion of CDI rather than automatically
repeating the test (1). It is important to note some ELISAs
only detect toxin A. These assays will miss strains that
produce only toxin B.

While ELISA may still be a common diagnostic modality
for CDI, more hospitals are converting to a two-step algo-
rithm that utilizes new molecular methods (17). Screening
stool for the presence of glutamate dehydrogenase (GDH),
a common cell wall protein produced by both toxigenic
and nontoxigenic C. difficile, is the foundation for many of
the new protocols. Testing for the presence of GDH al-
lows for rapid and cost-effective screening; however, as
GDH does not differentiate toxigenic strains from nontoxi-
genic strains, subsequent toxin testing is required for those
stool specimens that are GDH positive (1). The presence of
toxigenic C. difficile in GDH positive specimens has been
evaluated by several different assays. In addition to the
previously mentioned ELISA and cytotoxicity cell assays,
NAAT have been evaluated both as a stand-alone test as
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well as to confirm the presence of toxigenic C. difficile
in GDH positive specimens (19). While the sensitivity of
using NAAT testing alone for detecting C. difficile in stool
approaches 93-100% (20,21), the positive predictive value
can be as low as 63% for the diagnosis of CDI, and it is
the most costly method of diagnosis (16). The low positive
predictive value is due to detection of C. difficile in asymp-
tomatic carriers. Regardless of what assay or algorithm an
individual hospital uses, caution should be employed for
only testing patients for whom there is a clinical concern
for CDI.

In cases where the presentation of CDI is atypical or the
presence of ileus results in a lack of diarrhea, clinicians will
need to rely on physical examination and laboratory find-
ings. Fever, abdominal pain and abdominal distension are
typically present in severe colitis, even in the absence of
diarrhea (1). Striking bandemia and a leukemoid reaction
can be seen in SOT recipients with CDI. CT scan findings
suggestive of severe colitis include significant bowel wall
edema and ascites. These exam and laboratory findings
usually precede organ dysfunction. A high index of sus-
picion for CDI is necessary in SOT patients with these
otherwise unexplained exam and laboratory findings.

- Providers should be familiar with the C. difficile diag-
nostic modalities available at their institution and cus-
tomize their clinical evaluations accordingly (II).

- Testing of stool for C. difficile and/or its toxins should
only be performed in symptomatic patients who have
stool that is not formed (II-2). If the initial ELISA test
is negative, testing should be repeated only if there
is a high index of suspicion for CDI and if test results
will alter clinical management (lI-2). Immediate repeat
toxin testing is not indicated for cytotoxic tissue assays,
GDH based algorithms and NAAT (l1-2).

- Test of cure assays (i.e. testing stool for the presence
of C diff toxin at the completion of therapy) should be
avoided (ll1).

- Otherwise unexplained fever, abdominal pain and
leukocytosis in a patient with ileus should prompt the
clinician to consider CDI despite a lack of diarrhea (11-2).
The presence of formed bowel movements indicates
CDl is unlikely the cause of these symptoms (lI-2).

Treatment

Severity of CDI can be divided into three categories: mild-
to-moderate, severe and severe with complications (1). Of
note, there are no validated methods to objectively catego-
rize patients as such. Mild-to-moderate CDI is typically pa-
tients with diarrhea and possibly also with mild abdominal
pain and minimal systemic symptoms. Severe CDI includes
abdominal pain, leukocytosis and fever or other systemic
symptoms along with profuse diarrhea. Advanced age and
patients with hypoalbuminemia are at increased risk for
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severe disease (1). Severe disease with complications in-
cludes the symptoms of severe disease accompanied by
life-threatening conditions such as paralytic ileus, toxic
megacolon, refractory hypotension and/or multi-organ fail-
ure secondary to CDI. The disease severity may rapidly
progress so clinicians should frequently reassess and ad-
just therapy accordingly.

The first intervention that should occur in any patient with
CDl is cessation of the inciting antimicrobial agent when-
ever possible. Removing antimicrobial pressure on the nor
mal flora was curative in roughly 15-25% of immunocom-
petent patients prior to the NAP1/BI/027 epidemic (1). If
antimicrobial agents must be continued in order to treat
another ongoing bacterial infection, clinicians may consider
changing to a more narrow-spectrum regimen or an alter
nate antimicrobial agent with less association with CDI.

Previously published guidelines support basing the initial
antibiotic choice on the severity of CDI (1) (Figure 1). Oral
metronidazole is recommended for mild-to-moderate dis-
ease in both the general population and SOT recipients.
Metronidazole undergoes biliary excretion and crosses the
inflamed colonic mucosa so it also reaches adequate lev-
els in the feces when given intravenously. This route of
administration has not been rigorously studied, but is sup-
ported by several case series (22). There has also been a
long-held concern that the use of oral vancomycin will in-
crease the incidence of vancomycin-resistant enterococci,
but recent studies have not substantiated this effect (23). A
major disadvantage of metronidazole use in SOT recipients
is an interaction with medications such as tacrolimus or
sirolimus, so that levels of tacrolimus should be monitored
during treatment. Readers are referred to the correspond-
ing guidelines on interactions between antiinfective agents
and immunosuppressants published in this supplement for
further comment.

Oral vancomycin is the preferred therapy for severe CDI.
Several studies demonstrated improved response rates
with vancomycin compared to metronidazole in severe dis-
ease. Two randomized studies found that 85-97% of pa-
tients with severe CDI were cured with vancomycin ther
apy, but only 65-76% of patients were cured with oral
metronidazole (24,25). These same studies continue to
show no significant difference between the two antimi-
crobial agents in mild-to-moderate disease (24,25). Van-
comycin typically is administered at 125 mg four times
daily in adults because higher doses have increased cost
and side effects without improved efficacy (26). This reg-
imen achieves stool vancomycin concentrations that are
hundreds of times greater than the minimum inhibitory
concentration (MIC) of C. difficile (27). The usual dose of
oral vancomycin for children is 40 mg/kg daily given in three
or four divided doses. Many pharmacies now constitute
oral vancomycin solution from IV vancomycin with marked
cost savings yet no obvious impact in clinical outcomes.
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» Consider alternate agents (e.g. rifaximin, nitizoxanide)
* Consider VIG

Figure 1: Recommended approach to the diagnosis and treatment of CDI presenting with diarrhea in adult SOT recipients.

In contrast to metronidazole, vancomycin does not reach
adequate levels in the feces when given intravenously and
should never be administered intravenously to treat CDI.

In 2011, fidaxomicin was FDA approved for the treatment
of CDI(28,29). Fidaxomicin is a macrocycline (in the United
States it is designated as a macrolid; in Europe as a macro-
cycle) antibiotic with minimal systemic absorption, high
colonic concentrations and limited impact on normal gut
flora. It has been evaluated in patients with no or 1 prior
episode of CDI. Data reveal similar clinical response, but
decreased rates of recurrent infection, as compared with
vancomycin 125 mg orally every 6 h (28,29). Limitations
to fidaxomicin include drug acquisition costs and lack of
data in SOT recipients. One publication did suggest fidax-
omicin has improved success rates in patients who are on
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concomitant antibiotics for other infections compared to
vancomycin (30).

In cases of severe CDI with complications, decreased gas-
trointestinal motility may limit the efficacy of oral van-
comycin by preventing the drug from reaching the site
of infection. In these patients, 500 mg every 6 h of oral
vancomycin may be warranted in an attempt to increase
the probability that adequate levels of vancomycin will be
achieved in the colon as quickly as possible. Several case
reports also support the use of vancomycin administered
by retention enema in cases of ileus (31). Novel surgical ap-
proaches such as diverting loop ileostomy are being stud-
ied though their exact role in the management of com-
plicated CDI is still being determined (32). Bloodstream
infections from colonic flora have been reported following
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administration of vancomycin enemas so clinicians should
exercise caution when considering this approach (31).

Intravenous metronidazole should also be administered
with oral vancomycin in an attempt to ensure drug de-
livery to the site of infection in more severe cases. An-
timicrobial therapy alone may be insufficient treatment in
patients with severe CDI and surgical intervention may be
a necessary addition. Less than 3% of immunocompetent
patients with CDI develop fulminant pseudomembranous
colitis that requires colectomy; however, colectomy is per
formed in up to 13% of SOT recipients with CDI (10). Surgi-
cal intervention within the first 48 h of a failure to respond
to medical therapy, bowel perforation, or multiorgan failure
may reduce mortality in patients with severe disease (10).
Serum lactate levels and peripheral WBC count may be
helpful in determining timing of surgical intervention. Lac-
tate levels rising to 5 mmol/L and WBC count rising to
50 000 cells/uL are associated with perioperative mortality;
thus intervention prior to reaching these cut offs should be
considered. Patients at higher risk for postoperative mor
tality include those admitted for a diagnosis other than CDI,
mental status changes, and vasopressor support prior to
colectomy (33).

Intravenous immunoglobulin (IVIG) has been attempted
with variable success in the treatment of CDI. IVIG is
known to contain C. difficile antitoxin antibodies; but its use
is supported only by case studies and series. A retrospec-
tive analysis of 18 pair-matched patients with severe CDI
did not show any benefit to combining IVIG with standard
antimicrobial therapy; however, this study did not control
for the time from onset of symptoms to IVIG administra-
tion (34). In a retrospective review of heart transplant re-
cipients with hypogammaglobulinemia, a lower incidence
of CDI was noted in the patients treated with IVIG (14);
however, these results were not statistically significant. At
this time, IVIG remains a treatment option that is worth
further study, but cannot be broadly recommended.

Twenty- to 30 percent of patients with CDI will suffer at
least one recurrence (1). Patients treated with fidaxomicin
have demonstrated less episodes of recurrent CDI, though
studies to date have not included transplant recipients (29).
Treatment of the first recurrence should again be guided
by the disease severity as recurrence is not related to
the development of antimicrobial resistance to the first
course of treatment (1). Management of patients with
multiple recurrences has not been thoroughly studied, but
there are reports of success with either a prolonged taper
ing or pulse-dosing schedule of oral vancomycin. Metron-
idazole should not be tapered or pulsed (1). One suggested
regimen for vancomycin tapering is included in Figure 1 and
would include the following: after the usual dosage of 125
mg 4 times per day for 10-14 days, vancomycin is admin-
istered at 125 mg 2 times per day for a week, 125 mg
once per day for a week, and then 125 mg every 2 or 3
days for 2-8 weeks (1). Pulse dosing recommendations in-
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clude 125 mg every 2 or 3 days for 4 weeks. Studies have
demonstrated similar outcomes between tapered dosing
and pulse therapy. The hope of both the taper and the pulse
therapy is that C. difficile vegetative forms will be kept in
check while allowing restoration of the normal flora (1).

There has been great interest in the use of adjunctive ther
apies with conventional antibiotics in order to reduce the
frequency of CDI recurrences. Several retrospective stud-
ies and case series in patients suffering from recurrent
disease have revealed a modest benefit after treatment
with IVIG or probiotics (1). Clear benefits have not been
reported in placebo-controlled trials probiotics, and IVIG
has not been studied with placebo-controlled trials. Probi-
otic use also carries the risk of superinfection (including
bloodstream infections) from the organisms in probiotic
formulas, but this complication appears rare (1,35). Fecal
flora restoration therapy (e.g. fecal enemas) appears bene-
ficial at preventing relapses in immunocompetent hosts (1).
However, similar to recommendations supporting avoid-
ance of probiotics in immunocompromised hosts because
of risk of infection, it also appears prudent to avoid fecal
flora restoration therapy in SOT recipients given the ab-
sence of supportive data in SOT recipients and theoretical
potential for infection. Cholestyramine and colestipol have
also been investigated as adjunctive therapy in case stud-
ies and series since they bind the C. difficile toxins in vitro,
but have demonstrated inconsistent clinical results. Cau-
tion should be used when the binding resins are adminis-
tered in conjunction with vancomycin since cholestyramine
has been shown to complex with it in vitro and may result
in subtherapeutic fecal concentrations in addition to hav-
ing numerous other drug interactions. A small case series
indicates rifaximin may be of benefit to prevent relapses;
however there are concerns for the rapid development and
dissemination of resistance (36,37).

Patients with confirmed CDI and continued diarrhea de-
spite appropriate therapy should be evaluated for other
causes of diarrhea, including coinfection with other
pathogens. Parasites such as giardia or cryptosporidium,
viral infection with CMV or HSV, bacterial coinfection with
Salmonella, Shigella or Campylobacter and noninfectious
causes such as laxative use, other concomitant antibiotics,
or ischemic colitis may occur concomitantly. Appropriate
diagnostic testing should be pursued.

- The first intervention that should occur in any patient
with CDl is cessation of the inciting antimicrobial agent
whenever possible (II-2).

- For mild-to-moderate CDI, oral metronidazole remains
the drug of choice (I). The accepted dose of metron-
idazole is 500 mg TID for adults and 30-50 mg/kg/day
divided TID for pediatric patients (not to exceed adult
dosing).

- For severe CDI, oral vancomycin is the treatment of
choice (l). The accepted dose of vancomycin is 125 mg
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QID for adults and 40-50 mg/kg/day divided QID for
pediatric patients (not to exceed adult dosing).

- In cases of severe CDI with complications, the dose
of oral vancomycin may be increased up to 500 mg
orally QID (Ill), vancomycin may be administered by
retention enema (lI-2), and intravenous metronidazole
may be added (II-3).

- Surgical intervention should be considered in cases of
complicated CDI (II-3).

- Patients suffering from multiple recurrences of CDI
may respond to prolonged courses of oral vancomycin,
either in a tapering or pulse dose schedule (lI-2).

- Role of fidaxomicin in solid-organ transplant recipients
is not yet clear.

- There is insufficient evidence to recommend routine
use of IVIG (lI-2), probiotics (I), or toxin-binding resins
(1) in the treatment of initial or recurrent CDI. Probiotics
and toxin-binding resins may be potentially harmful due
to the risk of bacteremia or reducing the effectiveness
of antimicrobial therapy, respectively.

Prevention and Prophylaxis

Prevention of CDI is a multidisciplinary effort, involving in-
fection prevention and control, physicians, hospital admin-
istration, nursing, housekeeping, pharmacy and the micro-
biology laboratory (38). Transplant physicians should play
an active role on the hospital CDI prevention team if CDl is
problematic in their patients. In addition to infection control
measures (discussed below), prevention of CDI must focus
on reducing the risk factors for developing the disease in
patients that acquire C. difficile. The most significant mod-
ifiable risk factor for CDI remains antimicrobial exposure,
especially to broad-spectrum antimicrobial agents. Many
institutions have succeeded in limiting the use of broad-
spectrum antimicrobial agents through use of formulary
restrictions and antimicrobial stewardship programs. This
strategy was effective in reducing the incidence of CDI by
60% when a stewardship program was implemented dur-
ing the nosocomial outbreak in Quebec (39). Programs that
reduced broad spectrum antimicrobial agent use without
altering overall antimicrobial use also resulted in signifi-
cant reductions in the incidence of CDI (39). Other inter
ventions that specifically limit only high-risk antimicrobial
agents such as cephalosprins and clindamycin also meet
with statistically significant reductions in CDI at many other
centers (40).

There is no known effective prophylaxis against C. difficile.
CDI can be caused by any antimicrobial therapy, includ-
ing metronidazole and vancomycin, so it is recommended
that no antimicrobial agent be given with the intention of
preventing the disease. Preexisting colonization with C. dif-
ficile also appears to be protective against development of
CDI after a patient is hospitalized, so the presence of the
organism or its toxin in an asymptomatic patient would not
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be cause for preemptive therapy (41). The use of probiotics
as a preventative measure has also had inconsistent suc-
cess in several small studies, and there are currently no
adequate studies that specifically support the use of pro-
biotics as effective prophylaxis against CDI. Vaccines may
be beneficial in the future; however vaccine development
has not progressed beyond animal and phase Il studies at
this time.

- Limiting antimicrobial use through formulary restric-
tions and/or antimicrobial stewardship programs re-
duces the incidence of CDI (lI-3).

- Other modifiable risk factors for the development of
CDI, such as gastric acid suppression or prolonged hos-
pitalization, should be reduced if possible (I11).

Infection Control Issues

Both strict hand hygiene and appropriate contact precau-
tions are essential in order to limit the spread of C. difficile
within institutions. Patients with CDI should be placed into
contact precautions as soon as possible to limit the spread
of C. difficile. Contact precautions should be at least until
diarrhea resolves, or a few days after diarrhea cessation,
and possibly until discharge during outbreaks (38). An area
of confusion and controversy when preventing CDI is the
preferred method of hand hygiene after caring for a patient
with CDI. Alcohol-based hand rubs (ABHR) do not kill C.
difficile spores and are less effective than soap and water
at removing C. difficile spores (42). However several stud-
ies have failed to demonstrate either an increase in CDI
with ABHR or a decrease in CDI with soap and water (38).
Conversely, several of these studies did demonstrate a re-
duction in infections due to other antimicrobial resistant
organisms. Currently it is felt ABHR are an adequate form
of hand hygiene when gloves are worn when caring for
a patient with CDI. However, soap and water should be
considered during outbreaks where other measures are
not successful at reducing CDI incidence (38). C. difficile
spores are known to contaminate the environment, are
resistant to standard disinfectants, and are capable of sur
viving for months on dry surfaces within a hospital room.
It is not yet clear if routine environmental decontamination
with sporicidal agents is necessary, although it is reason-
able to consider during disease outbreaks. Whether to use
diluted bleach, or a new technology such as UVA or hy-
drogen peroxide vapor, to kill C. difficile spores should be
individualized to the institution (38).

- The combination of strict hand hygiene and contact
precautions significantly reduces the incidence of CDI
through limiting patient acquisition of C. difficile (11-3).

- 1:10 dilution of household bleach solutions are sporici-
dal with > 6 log reduction in viable C. difficile spores
after 10 min contact time and may be used for environ-
mental decontamination during outbreaks (I1-3).
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Future Research

There are many unknowns with regard to CDI, including the
optimal method to diagnose CDI, optimal treatment strate-
gies especially for recurrent and severe CDI with compli-
cations, and optimal methods to prevent CDI. This is true
for both immunocompetent and immunocompromized pa-
tient populations. Studies on CDI diagnosis should include
clinical information on the patient, as the detection of C. dif-
ficile from stool alone does not equate to CDI. Ideally, data
on treatments the patient received and outcomes should
be included as well. Studies are needed to better stratify
severe from nonsevere CDI, with validation that treatment
based on this stratification results in improved outcomes.
Methods to predict patients at highest risk for CDI recur
rence and methods to manage multiply recurrent CDI are
needed. Higher quality data are needed to validate our cur-
rent methods to prevent CDI and to determine if novel
prevention approaches are needed.
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