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Abstract

Clostridium difficile was first described as a cause of diarrhea in 1978 and is now among the leading 3 hospital-acquired
infections in the United States, along with methicillin-resistant Staphylococcus aureus and vancomycin-resistant entero-
cocci. In the past 2 decades, there has been an increase in the incidence, severity, and recurrence rates of C difficile
infection, all of which are associated with poor outcomes. In addition, several novel risk factors and newer treatment
methods are emerging, including fidaxomicin therapy, treatment using monoclonal antibodies, and fecal microbiota
transplantation, that have shown promise for the treatment of C difficile infection. This review focuses on the changing
epidemiology, risk factors, and newer methods for treatment of C difficile infection.
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F or more than 30 years, Clostridium difficile has
been recognized as a toxin-producing anaer-
obic bacterium responsible for antibiotic-as-

sociated colitis, and it is now the most common
infectious cause of nosocomial diarrhea.1,2 Despite
advances in infection control and newer options for
treatment of C difficile infection (CDI), there has
been a steady and considerable increase in the inci-
dence and severity of CDI, associated with increased
morbidity and mortality.3-6 These changes in CDI
epidemiology, attributed in part to an emerging hy-
pervirulent strain of C difficile, have been docu-
mented in several studies worldwide, which have
emphasized the need for improving diagnostic
methods and management strategies. Traditionally
recognized risk factors for CDI include hospitaliza-
tion, advanced age, gastrointestinal surgery or proce-
dures, and antibiotic exposure,7 and novel risk factors
have been identified more recently. Outcomes in pa-
tients with marked leukocytosis or acute kidney injury
(defined as severe CDI) are worse than in those who do
not have these laboratory abnormalities, and thus
treatment recommendations are stratified according to
disease severity. The review discusses the epidemiol-
ogy, traditional and novel risk factors, and recent ad-
vancements in the management of CDI.

EPIDEMIOLOGY OF CDI
The incidence of CDI was stable until the late 1990s
but has increased substantially in both hospital and
community settings since the early 2000s. Most ep-
idemiologic data for CDI are derived from hospital-
based reports and administrative databases such as
the US Nationwide Inpatient Sample data and the
national mortality data for CDI surveillance.8-10 In
several large epidemiologic studies in the United
States, the incidence of hospital-acquired CDI in-

creased by 2- to 2.5-fold from the late 1990s to the
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arly 2000s, and this increase was more pronounced
n the elderly.5,11 A large outbreak of CDI reported
from Quebec noted a 4-fold increase in CDI over 13
years, with overall mortality of 6.9%.6 Germane to
the increasing epidemiology is the classification of
CID by mode of acquisition. C difficile infection is
defined as (1) community-acquired if symptom on-
set occurs in the community or within 48 hours of
admission to a hospital, after no hospitalization in
the past 12 weeks; (2) hospital-acquired if onset of
symptoms occurs more than 48 hours after admis-
sion to or less than 4 weeks after discharge from a
health care facility12,13; or (3) indeterminate if
symptom onset occurs in the community between 4
and 12 weeks after discharge from a hospital.12,13

Theories that have been advanced to explain the
ncrease in incidence of CDI include changes in the
ospitalized patient population (older and sicker
atients), changes in antibiotic prescribing patterns
in particular, increased use of newer-generation
uoroquinolones), a new more virulent strain of
difficile, potentially novel risk factors (eg, treat-
ent using proton pump inhibitors [PPIs]), and

hanges in infection control practices (eg, use of al-
ohol gel hand washes). C difficile infection is more
ommon in the elderly, who also are at higher risk of
evere or severe-complicated infection. Some of the
ncrease in incidence and severity found in recent re-
orts likely reflects that our population is aging, a sta-
istic that is particularly evident on inpatient wards.

mergence of Newer “At-Risk” Populations
difficile infection is now being described in popu-

ations who have traditionally been considered at
ow risk such as children and community dwellers,
ho lack the usual risk factors.14 Few population-

based studies have described the epidemiology of
See editorial
comment, page 1037

From the Division of Gastro-
CDI. In one such study from Olmsted County, Min-
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CLOSTRIDIUM DIFFICILE INFECTION
nesota, a large proportion of cases (41%) were com-
munity acquired.4 In that study, from 1991 to 2005,
the overall incidence of community-acquired and
hospital-acquired CDI increased by 5.3-fold and
19.3-fold, respectively. Patients with community-
acquired CDI were younger, often had no history of
recent hospitalization, and had fewer comorbid con-
ditions.4 Similarly, studies have suggested that CDI
is emerging as an increasingly common cause of di-
arrhea in children, both in the community and in
hospitals.15-20 The largest study of CDI in children
was in hospitalized patients and reported that the
incidence of CDI increased substantially from 2001
to 2006, from 4.4 to 6.5 cases per 10,000 patient-
days.15 The median patient age was 4 years, and
about one-fourth of the patients were younger than
1 year.15

The increased incidence of CDI in the commu-
nity may be due to an increased prevalence of
asymptomatic colonizers.21 C difficile can colonize
the stool in 1% to 3% of healthy adults and as many
as 30% of infants.22 Additional factors that contrib-
ute to an increase in the incidence of community-
acquired CDI include more prescriptions for antibi-
otics, greater use of acid-suppression medications,
contamination of processed meat products, more
person-to-person transmission, and increased envi-
ronmental exposure to spores on fomites.21 Higher
clinician awareness of CDI as a possible explanation
of diarrhea in the community probably also contrib-
utes to the increased incidence through an increase
in the number of stool assays ordered in patients
with diarrhea.

Emergence of a Hypervirulent Strain
An important consideration in the increasing inci-
dence of CDI is the emergence of a hypervirulent
strain of the bacterium, known as ribotype 027,
NAP1 (North American pulsed-field gel electropho-
resis type 1), or restriction endonuclease analysis
group BI. This strain has been isolated from most
states in the United States and in several countries in
Europe. The hypervirulent strain has a sequence
variation in the tcdC repressor gene, which results in
loss of function of the gene product, a protein that
normally suppresses the transcription of toxin A and
B genes.23 Therefore, this tcdC sequence variation
results in considerably higher levels of toxin pro-
duction (16-fold increase for toxin A and 23-fold for
toxin B), and toxin is produced earlier in the course
of C difficile infection, in the log-growth phase,
whereas nonepidemic strains typically do not pro-
duce substantial amounts of toxin until the plateau
phase.24 The emergence of this hypervirulent strain
has been associated with increasing incidence,
higher recurrence rates, and increased severity and

mortality.6,25,26 Studies that have reported that the a
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ypervirulent strain is associated with increased mortal-
ty27,28 are balanced by studies that fail to show this
association.29,30 In addition, most centers in the
community do not have the ability to perform strain
typing for C difficile, and it remains unclear whether
treatment recommendations should be made on the
basis of strain information.

RISK FACTORS FOR CDI
The traditional risk factors for CDI include antibi-
otic exposure, hospitalization, and increasing age. It
is well known that the normal human colonic flora
offers protection against colonization by C difficile.
Exposure to systemic antibiotics leads to disruption
of the normal colonic microbiome and increased
susceptibility to colonization and toxin production
by C difficile and increases the risk of symptomatic
CDI by 2- to 16-fold.31,32 Colonization by C difficile
n early infancy33 and in the elderly34 is accompa-
ied by changes in distal gut microbial composition,
nd alterations in the gut flora as a result of hospi-
alization or antibiotic exposure can predispose pa-
ients to CDI.35 Treatment with systemic antibiotics
an cause persistent alterations in the gut microbial
ommunity in some individuals,36 which may in
urn predispose them to recurrent CDI, a problem of
ajor clinical and economic importance. In addi-

ion, post hoc analyses of large randomized clinical
rials revealed that in patients who received systemic
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CDI, time to resolution of diarrhea was longer (97 vs
54 hours; P�.001), cure rate was lower (84.4% vs
92.6%; P�.001), and there was a trend toward more
episodes of recurrence (24.8% vs 17.7%; P�.06).37

The primary means of transmission of CDI are
believed to be person-to-person via the fecal-oral
route, through environmental contamination, and
transmission via fomites and the hands of health
care workers.38,39 Patients with diarrhea secondary
to CDI shed spores into the environment, and these
spores are resistant to some disinfectants commonly
used in hospitals.40 Production of antitoxin anti-
body by the host is considered protective against
CDI; however, the ability to mount this immune
response decreases with age, which could account
in part for the increased incidence, severity, and re-
currence in the elderly.

Additional potential risk factors for CDI that
have been identified include a higher number of
comorbid conditions, inflammatory bowel disease,
immunodeficiency, hypoalbuminemia, malignant
lesions, solid organ transplant, chemotherapy, and
the use of PPIs.41-46 There is some controversy as to
the role of stomach acid suppression in CDI patho-
genesis. Recent data have suggested that circum-
venting the potential protective effect of stomach
acid, for example, through the use of postpyloric
enteral feeding or the use of PPIs or histamine 2
receptor blockers, may lead to a 2- to 3-fold in-

Emerging Risk Factors for Clostridium difficile
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creased risk of acquisition of CDI.47,48 However,
there is conflicting evidence as to whether stomach
acid does or does not kill C difficile spores.49,50 Fur-
thermore, studies have found that after controlling
for important confounders, the use of PPIs and his-
tamine2 blockers was not associated with the risk of
CDI51 or adverse outcomes from CDI.52 Thus, it is

ot clear whether use of acid-suppressing drugs is
n independent risk factor for CDI,53 although the

US Food and Drug Administration (FDA) has re-
cently issued a warning that PPIs are associated with
an increased risk of CDI. A summary of risk factors
for CDI is given in Table 1.

DIAGNOSIS OF CDI
The diagnosis of CDI is made on the basis of a com-
bination of clinical features (typically, abdominal
pain and diarrhea) and results of stool tests and,
rarely, endoscopy or radiologic tests. Several stool
tests are available for CDI including stool culture,
stool cytotoxin assay, polymerase chain reaction
(PCR), enzyme immunoassay, and stool glutamate
dehydrogenase assay.54 Stool culture for C difficile is
onsidered the criterion standard because it is
ighly sensitive (94%-100%) and specific (84%-
00%).55 However, long turnaround time and high
ost limits its use in day-to-day practice. Real-time
CR is considered an alternative criterion standard
o stool culture because it has excellent sensitivity
nd specificity; however, it requires technical exper-
ise and does not enable differentiation between
symptomatic carriage and symptomatic infection.
tudies using PCR have found high sensitivity and
pecificity and test-retest reliability.56,57 Tradition-
lly, the most commonly used test has been enzyme
mmunoassay, which is based on antigen detection
f toxin A and/or toxin B. Enzyme immunoassay has
igh specificity but is limited by moderate sensitiv-

ty. A detailed review of various strategies for stool
ests for CDI is beyond the scope of this review and
s available elsewhere.55,58

Endoscopy is generally not used in making an
nitial diagnosis of CDI unless there is a high level of
uspicion despite normal results of stool tests or if
leus secondary to CDI is suspected. Endoscopic
ndings of pseudomembranes are specific but not
ensitive for a diagnosis of CDI, and if present, indi-
ate severe infection.

Abdominal radiographs or computed tomo-
raphic scans are uncommonly used to make the
nitial diagnosis. Computed tomographic findings
uggestive of CDI include bowel wall thickening,
ericolonic stranding, and fold thickening. Radio-

ogic findings of a dilated colon may indicate severe-
omplicated CDI, and in the presence of severe ab-
ominal pain, leukocytosis, fever, and hypotension
TABLE 1. Established and
Infection

Age �65 y

Previous hospitalization and

Nursing home or long-term

Contact with active carriers

Antibiotic exposure

Increased risk with prolo

Consumption of processed

Previous gastrointestinal sur

Presence of comorbid cond

Malignancy and chemothera

Cystic fibrosis

Diabetes mellitus

Liver cirrhosis

Chronic kidney disease

Inflammatory bowel disease

Immunosuppression, immun

Malnutrition

Hypoalbuminemia

Use of proton pump inhibit

Solid organ or hematopoiet
ikely indicate toxic megacolon.
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IDENTIFICATION OF SEVERE CDI
The spectrum of CDI ranges from mild to severe or
severe-complicated. Severe CDI has been defined by
the Infectious Diseases Society of America/Society
for Healthcare Epidemiology of America (IDSA/
SHEA) as peripheral leukocytosis of 15,000 cells/�L
or more or an increase in serum creatinine concen-
tration of 1.5-fold or more above baseline.13 Severe-
complicated infection is defined by hypotension,
shock, sepsis, ileus, megacolon, perforation, or
death secondary to CDI.13 Studies have identified
additional predictors of severe CDI59,60 that include
increasing age; concomitant antibiotic therapy, nar-
cotic use, and antimotility drug use; hypoalbumin-
emia; comorbid conditions such as chronic kidney
disease; increased number of bowel movements; and
the presence of fever or pseudomembranes.59,61-64 It
is important to identify severe or severe-complicated
infection because treatment recommendations are
made on the basis of disease severity.13 A summary
of risk factors associated with severe CDI is given in
Table 2.

TREATMENT OF CDI

General Measures
Patients who are asymptomatic carriers of C difficile
should not receive treatment because there are no
data to suggest that treating these individuals would
prevent symptomatic infection or transmission.13

As for any diarrheal illness, initial therapy should
include attention to fluid and electrolyte status, with
replacement as necessary. The use of antimotility
agents such as narcotics and loperamide in active

TABLE 2. Risk Factors for and Predictors of
Severe Clostridium difficile Infection

Age �65 y

Antiperistaltic or narcotic medication use

Underlying comorbid conditions

Immunosuppressive medication use

Acute kidney injury or chronic kidney disease

Chronic obstructive pulmonary disease

Altered mental status

Fever

Hypotension

Severe abdominal pain and/or distention

Ten or more bowel movements per day

Leukocytosis

Hypoalbuminemia

Ascites

Ileus
Presence of pseudomembranes

Mayo Clin Proc. � November 2012;87(11):1106-1117 � http://dx.doi
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C difficile infection is discouraged because use of
these agents may result in more severe colitis. In
patients with CDI, unnecessary antibiotic therapy
should be discontinued, and if ongoing antibiotic
therapy is needed, targeted narrow-spectrum
agents should be used. In patients with severe
diarrhea and risk factors for CDI such as increas-
ing age, antibiotic exposure, or recent hospitaliza-
tion, it may be reasonable to initiate empiric an-
tibiotic therapy for CDI while stool test results are
pending.

Measures for infection control include strict im-
plementation of isolation precautions with the use
of gloves and gowns, hand washing with soap and
water, and use of hypochlorite-based agents for en-
vironmental disinfection.7,65 Daily cleaning of hos-
pital rooms using germicidal bleach wipes in wards
with a high incidence of hospital-acquired CDI re-
duces the incidence of CDI and prolongs the time
between hospital-acquired CDI cases.65 Detailed
guidelines for infection prevention have been pub-
lished by the SHEA and IDSA.13,40

Metronidazole and Vancomycin
Metronidazole is an inexpensive, effective, off-label
treatment recommended for mild to moderate CDI.
The usual dose is 500 mg 3 times a day for 10 to 14
days.13 Metronidazole has similar efficacy as vanco-
mycin for treatment of mild to moderate CDI.61

However, there is recent evidence that metronida-
zole may be less effective against CDI than in the
past.66 From 1991 to 2002 in Quebec, the rate of

etronidazole failure was 9.6%; however, during an
utbreak in 2003-2004, that rate rose to almost
6%,66 close to that reported from Houston, where
2% of patients who received metronidazole had
ontinued symptoms after 10 days or more of ther-
py.67 Lack of response to initial therapy with met-
onidazole has been associated with increased mor-
ality.67 However, at this time, there are no known
redictive factors to determine in which patients
etronidazole therapy is likely to fail. After adjust-

ng for appropriate confounders, metronidazole
ay be associated with more complications than

ancomycin6 and more adverse effects including
ausea, disulfiram-like reaction when drinking al-
oholic beverages, metallic taste, and peripheral
europathy, and it is not recommended for use

n children or in women during lactation or
regnancy.

Oral vancomycin is FDA approved for treat-
ent of CDI but is more expensive than metronida-

ole. In a study by Zar et al,61 vancomycin was
found to be superior to metronidazole in patients
with severe CDI (cure rate of 97% for vancomycin vs
of 76% for metronidazole). Factors defining severity

in that study included age older than 60 years, tem-
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perature higher than 38.3°C, serum albumin con-
centration less than 2.5 mg/dL, peripheral white
blood cell count more than 15,000 cells/�L, pres-
ence of pseudomembranous colitis at endoscopy, or
treatment in the intensive care unit. Of note, the
relapse rate was not considerably different between
the 2 treatment groups.61 Because oral vancomycin
is poorly absorbed, a high stool concentration can
be achieved without systemic adverse effects. The
recommended dose is 125 mg 4 times a day for 10 to
14 days. In patients with severe-complicated CDI
(eg, those with hypotension, sepsis, ileus, or mega-
colon secondary to CDI), the recommended treat-
ment is intravenous metronidazole supplemented
with high-dose vancomycin (250 to 500 mg 4 times
a day) either orally or via nasogastric tube in patients
who cannot take oral medications (eg, those with
ileus) and/or a vancomycin enema.13 Patients in
whom CDI does not improve promptly with oral
vancomycin therapy should be reassessed for other
causes of diarrhea because failure of vancomycin
therapy is unusual and additional therapy including
surgery may be indicated.

However, because of the cost of oral vancomy-
cin and concerns about development of vancomycin
resistance in other organisms, and on the basis of
studies that reported similar efficacy as vancomycin
in mild to moderate CDI,61 the IDSA/SHEA guide-
lines recommend metronidazole as the first-line
therapy in patients with the first or first recurrent
episode of mild to moderate CDI in the absence of
contraindications to its use or indicators of severe
infection.13 Patients in whom CDI does not improve
in 72 to 96 hours should be reassessed for other
causes of diarrhea. If other diseases have been ruled
out, treatment should be switched from metronida-
zole to vancomycin.13 In patients who do not toler-
ate metronidazole or develop worsening diarrhea
while receiving metronidazole, treatment should
also be switched to vancomycin. In patients with
severe disease, as defined by leukocytosis or renal
failure, or who have a second or additional episodes
of recurrence (see subsequent discussion), vanco-
mycin should be the treatment of choice.

Fidaxomicin
Fidaxomicin is a macrocyclic antibiotic with little or
no systemic absorption after oral administration and
a narrow spectrum of activity against gram-positive
aerobic and anaerobic bacteria including C difficile.68 In
in vitro studies, fidaxomicin was more active than
vancomycin against C difficile.69-71 In a clinical trial,
the response rate with fidaxomicin (200 mg twice
daily) was similar to that with vancomycin (125 mg
4 times daily) after 10 days of treatment (88.2% with
fidaxomicin vs 85.8% with vancomycin).72 How-

ever, significantly fewer patients in the fidaxomicin

Mayo Clin Proc. � November 2012;87(1
group had a recurrence (15.4% vs 25.3%;
P�.005).72 In addition, subgroup analyses revealed
hat rates of recurrence were significantly lower with
daxomicin than with vancomycin in patients with

he nonhypervirulent strain of C difficile (7.8% vs
25.5%; P�.001) but were not significantly different
in patients infected with this strain (24.4% vs
23.6%; P�.93). In another trial, fidaxomicin was
not inferior to vancomycin in achieving clinical
cure.73 Major reported adverse events were uncom-

on and were comparable with those reported with
ral vancomycin. Subsequent post hoc analyses of
hese trials found that when patients received sys-
emic antibiotics concurrent with CDI treatment,
he cure rate was significantly higher for fidaxomicin
ompared with vancomycin (90% vs 79.4%;
�.04), and recurrence rates were lower for fidax-
micin (16.9% vs 29.2%; P�.048).37

These data demonstrate that fidaxomicin is well
olerated, is not inferior to oral vancomycin for clin-
cal cure in mild to moderate CDI, and is associated
ith lower rates of recurrence than is vancomycin in
atients infected with nonhypervirulent strains of C
ifficile. Fidaxomicin might be favored over oral van-
omycin in patients who require additional con-
omitant systemic antibiotics after a diagnosis of
DI. The FDA has approved fidaxomicin for treat-
ent of CDI. However, there are no randomized
ata comparing fidaxomicin with metronidazole for
reatment of a first episode of mild to moderate CDI,
or which metronidazole remains the initial treat-
ent of choice. In addition, fidaxomicin has not

een studied for efficacy in recurrent CDI and in
pecial populations including children or individu-
ls with inflammatory bowel diseases.

There are several pharmacoeconomic consider-
tions for the use of fidaxomicin. The current aver-
ge wholesale cost of fidaxomicin is $135.00 for
ach 200-mg dose, compared with $0.72 for a
00-mg dose of metronidazole and $31.81 for a
25-mg capsule of oral vancomycin.74 The average

cost of a 10-day course of fidaxomicin would be
125-fold higher than a 10-day course of metronida-
zole 3 times daily and 2 times higher than a 10-day
course of oral vancomycin 4 times daily. To save on
cost, some institutions administer oral vancomycin
solution (using the intravenous solution) rather
than capsules.

With these cost considerations, fidaxomicin is
often restricted to use in patients with an initial ep-
isode of CDI who are at high risk of recurrence (eg,
individuals of advanced age, patients with severe
CDI, and those receiving concomitant antibiotic
therapy75,76) and who are infected with the nonhy-
pervirulent strain or in those who have had multiple
episodes of recurrence. However, currently there are

no robust clinical models to predict recurrence in
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patients with CDI. Furthermore, it should be noted
that the efficacy of fidaxomicin compared with van-
comycin (or any other treatment) has not been spe-
cifically studied in these patient groups. Fidaxomi-
cin is also sometimes used in patients who have a
severe intolerance of or allergic reaction to oral
vancomycin.

Fecal Microbiota Transplantation
A major risk factor for CDI is systemic antibiotic use,
which disrupts normal gut flora and leads to in-
creased predisposition to CDI. The risk of CDI re-
currence after initial treatment is approximately
20% to 25%4,7 and is further increased with the use
of additional systemic antibiotics and with subse-
quent CDI recurrences75. The pathophysiologic fea-
tures of recurrent CDI are incompletely understood
but likely involve ongoing disruption of the normal
fecal flora and inadequate host immune response.
Standard treatment of CDI using antibiotics such as
metronidazole and vancomycin further disrupts co-
lonic microbial communities that normally keep ex-
pansion of C difficile populations in check. Because
C difficile spores are resistant to antibiotics, they can
germinate to vegetative forms after antibiotic ther-
apy has been discontinued. These factors can per-
petuate CDI recurrence after discontinuation of
therapy. Therefore, a high percentage of patients ex-
perience multiple recurrences of CDI.

Although it is hoped that the emerging narrow-
spectrum antibiotics such as fidaxomicin will permit
restoration of the gut microbiota in patients with the
chronic relapsing form of CDI, this hypothesis has
not been tested in these patients.

Fecal microbiota transplantation (FMT) is being
studied as an alternative to standard antibiotic ther-
apy to treat recurrent CDI, to restore colonic flora
with the use of intestinal microorganisms from a
healthy donor (via infusion of a liquid suspension of
stool), and to restore the intestinal microbiota in
patients with recurrent CDI.

A systematic review of 27 studies and case re-
ports including 317 patients with recurrent CDI
treated via FMT found an overall success rate of
92%, with 89% of patients responding after a single
treatment.77 In those studies, 35% of patients re-
ceived FMT via enema, with a response rate of 95%;
23% via the nasogastric route, with a response rate
of 76%; and 19% via colonoscopy, with a response
rate of 89%.77

A study from the University of Minnesota re-
ported initial experience with FMT in 43 patients
with recurrent CDI including patients with under-
lying inflammatory bowel disease.78 These patients
received FMT via colonoscopy from either individ-
ual patient-identified donors or a standard donor

pool. The overall rate of infection clearance was 86%

Mayo Clin Proc. � November 2012;87(11):1106-1117 � http://dx.doi
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n response to a single infusion, there were no dif-
erences in outcomes relative to donor source, and
o serious adverse effects were reported.78 Another

recent study reported experience with FMT via
colonoscopy in 70 patients with recurrent CDI.79

During the initial 12-week follow-up, FMT resulted
in resolution of symptoms in all patients with the
nonhypervirulent strain of C difficile and in 89% of
those with the hypervirulent strain.79 There were no
vident complications attributable to FMT. Another
roup reported their experience with FMT via en-
ma and found a similar response rate and no ad-
erse events.80 There have been no studies of FMT

for prophylaxis in patients at high risk of recurrence
after a first episode of CDI, and there has been no
head-to-head comparison of FMT with conven-
tional treatments for CDI.

There are several considerations for FMT that
include donor selection, including the use of a stan-
dard donor pool vs a related donor, the need to
screen donors for transmissible infectious diseases,
standardization of stool preparation techniques, in-
surance reimbursement for donor testing, and long-
term safety and efficacy of FMT in this population.81

Hence, the present uncontrolled evidence suggests
that FMT may be an option in patients with multiple
episodes of CDI recurrence to prevent future epi-
sodes, although further larger studies are needed to
support this recommendation and to compare FMT
with other methods of treatment of recurrent CDI.

Other Options for Treatment of CDI
Additional potential options for treatment of CDI
include rifaximin, nitazoxanide, cholestyramine, in-
travenous immunoglobulin (IVIG), monoclonal an-
tibodies, vaccines, and probiotics.

Rifaximin is a gastrointestinal-selective antibi-
otic characterized by a broad antimicrobial spec-
trum that has activity against most gram-negative
and gram-positive bacteria and anaerobes and aer-
obes and has excellent in vitro activity against
C difficile.82 Despite being a broad-spectrum antibi-
tic, rifaximin does not cause significant alterations
o the gut microbiome; however, there may be con-
ern for development of resistance against rifaximin
n C difficile and other gut microbes with widespread
se of this agent.83 Rifaximin has been effective for
reatment of CDI in smaller clinical studies and case
eports.84-86 A recent randomized controlled trial
ound that rifaximin was similar to vancomycin
57% vs 64%, respectively) in attaining clinical suc-
ess (resolution of fever, abdominal pain, or diar-
hea) and was not inferior in resolution of diarrhea
80% vs 81%) and recurrence (9% vs 14%).87 These

data suggest that rifaximin may be an alternative to
vancomycin for treatment of CDI, although the pub-

lished article is awaited. Rifaximin is currently not

.org/10.1016/j.mayocp.2012.07.016 1111
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recommended as monotherapy for CDI, but can be
used for recurrent CDI after treatment with oral van-
comycin (125 mg 4 times a day for 14 days) in the
form of a “rifaximin chaser” (400 mg orally twice
daily for 14 days).7,88

Nitazoxanide is an antiparasitic drug that is also
active against C difficile and is as effective as vanco-
mycin and metronidazole for treatment of CDI.89,90

However, nitazoxanide has no clear benefits over
other available drugs, and long-term safety and effi-
cacy data are lacking. At present, nitazoxanide can
be considered an alternate therapy in patients with
multiple episodes of recurrence despite several
courses of vancomycin and metronidazole and who
are not candidates for FMT or other therapies.

Anion exchange resins such as cholestyramine
work by binding toxin and may help decrease symp-
toms in mild disease. However, there is no evidence
that adding cholestyramine to the treatment regi-
men decreases the risk of recurrence, and these res-
ins also bind vancomycin and therefore should not
be used simultaneously.13,91 Overall, the role of
these drugs in the management of CDI is unclear.

Intravenous immunoglobulin has been used to
treat recurrent and severe CDI with variable success,
and there are no randomized controlled trials re-
porting a benefit of IVIG therapy in CDI.92 Intrave-
nous immunoglobulin contains antibodies against C
difficile toxins A and B and may be a useful option to
decrease the risk of disease recurrence93 in patients
in whom other therapies have failed or as an adjunc-
tive treatment in seriously ill patients with fulminant
CDI.94 In a large, randomized, controlled study of
monoclonal antibodies against C difficile toxins A
and B in addition to antibiotic therapy, the rate of
CDI recurrence was lower in patients who received
treatment with monoclonal antibodies (7% vs 25%;
P�.001).95 The recurrence rate in patients with the
hypervirulent strain was 8% in the antibody group
and 32% in the placebo group (P�.06). In patients
with a history of recurrent CDI, another episode of
recurrence occurred in 7% and 38%, respectively
(P�.006). A phase 3 study is under way to further
establish the safety and efficacy of monoclonal anti-
toxin antibody treatment of CDI. Therefore, IVIG
may have a role as an adjunct treatment in patients
with multiple episodes of CDI recurrence or in those
with fulminant CDI.

Preliminary trials of a parenteral vaccine con-
taining toxoids A and B found excellent serum anti-
body responses in healthy adults.96 Of 3 patients
given the vaccine who required continuous vanco-
mycin therapy to manage recurrent CDI, all were
able to discontinue vancomycin, and 2 patients had
substantial increases in concentrations of serum an-
tibodies to toxins A and B.97 Another phase 1 study

enrolled adults and elderly volunteers and random-

Mayo Clin Proc. � November 2012;87(1
ized them to receive 3 different doses of C difficile
toxoid vaccine or placebo. A 100% seroconversion
rate was observed in the younger volunteers with all
dosages of toxin A and a variable response depen-
dent on dosage in elderly participants.98 Of note,
he seroconversion rate for toxin B was lower than
or toxin A in both age groups. No serious adverse
ffects were reported. Phase 2 trials are ongoing to
urther evaluate the efficacy of this toxoid vaccine
or prevention of CDI recurrence.

Probiotics are preparations of live microorgan-
sms that have been used to prevent and treat CDI,
ith a suggested objective to repopulate the colonic
icroflora. The various probiotics commonly used

nclude species of Lactobacillus, Bifidobacterium, and
Saccharomyces. There is currently no role for probi-
otics in the primary prevention of CDI because of
limited data and the potential risk of bloodstream
infection with these agents.13,99 Saccharomyces boulardii
produces an enzyme that inhibits the effects of C diffi-
cile toxins A and B.100 S boulardii has been studied for
reatment of CDI in conjunction with antibiotic ther-
py and has been associated with a decreased risk of
DI recurrence.101,102 Owing to the lack of large ran-

domized controlled trials that found probiotics bene-
ficial for the treatment of CDI, these agents are cur-
rently not recommended in practice guidelines.13

SURGICAL MANAGEMENT OF CDI
Surgery is indicated for treatment of refractory CDI not
responding to medical therapy or for fulminant colitis,
which is a relatively rare complication of CDI. Clinical
features of fulminant CDI include systemic inflamma-
tory response syndrome, severe abdominal pain and
tenderness, and colonic distention observed on radio-
graphs. Diarrhea may be absent because of ileus. The
traditional surgical approach to CDI is subtotal or total
colectomy and is associated with poor outcomes, with
mortality as high as 50%.103 Factors predictive of in-
creased mortality after colectomy to treat fulminant
CDI include age older than 65 years, renal failure, leu-
kocytosis, increased serum lactate concentration, low
albumin level, sepsis, multiple organ failure, and im-
munosuppression.104-106 Recently, a colon-sparing
pproach including loop ileostomy with intraoperative
olonic lavage using warmed polyethylene glycol solu-
ion via the ileostomy and instillation of vancomycin
ushes postoperatively via the ileostomy has been de-
cribed, with decreased mortality compared with that
n historical control patients who underwent tradi-
ional surgery.107

The timing of surgical consultation for CDI re-
ains controversial, more so because patients with

ulminant CDI are generally poor surgical candi-
ates because of age and comorbid conditions.108

However, delaying surgery in early fulminant colitis

leads to increased adverse outcomes including

1):1106-1117 � http://dx.doi.org/10.1016/j.mayocp.2012.07.016
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CLOSTRIDIUM DIFFICILE INFECTION
death. It is therefore recommended that a surgical
consultation be obtained early if a patient has wors-
ening diarrhea despite optimal medical therapy,
symptoms of megacolon, or sepsis.109-111

AN APPROACH TO TREATMENT OF
RECURRENT CDI
A major problem in management of CDI is recurrent
infection, which occurs in 20% to 25% of patients
after the first episode of CDI.4,7 Risk factors for re-
current CDI are given in Table 3. Clinically, recur-
rent CDI is defined as occurrence of symptomatic
diarrhea or abdominal pain, with positive results of
a stool test within 56 days of a previous episode after

TABLE 3. Risk Factors for Recurrent Clostridium
difficile Infection

Age �65 y

Previous episodes of C difficile infection

History of severe C difficile infection

Increasing peripheral leukocyte count

Hypoalbuminemia

Fever

Presence of comorbid conditions

Inflammatory bowel disease

Ongoing or recurrent antibiotic exposure

Decreased serum anti–toxin A IgG

Use of acid suppression medications (controversial)

TABLE 4. Treatment Options for Recurrent Clostridium

First recurrence

Mild to moderate C difficile infection (CDI)

Oral metronidazole, 500 mg 3 times a day for 1

Mild to moderate CDI (no response to oral metron

Severe CDI

Oral vancomycin, 125 mg 4 times a day for 14 d

Second recurrence

Oral vancomycin tapered over 6 wk

125 mg 4 times daily for 14 d

125 mg 2 times daily for 7 d

125 mg once daily for 7 d

125 mg once every other day for 8 d

125 mg once every 3 d for 15 d

Future recurrences

Oral vancomycin, 125 mg 4 times a day for 14 d, fo

Consider fecal microbiota transplantation

Consider intravenous immunoglobulin, 400 mg/kg, re
Consider combination therapy with oral vancomycin and

Mayo Clin Proc. � November 2012;87(11):1106-1117 � http://dx.doi
www.mayoclinicproceedings.org
interim symptom resolution.13 Episodes occurring
fter 56 days are likely due to reinfection; however,
o differentiate true recurrence from reinfection, ge-
otypic analysis is required. This definition is im-
ortant because positive stool test results without
iarrhea should not be considered a recurrence of
DI, and recurrent diarrhea with normal findings
n a stool test should lead the clinician to consider a
roader differential diagnosis including postinfec-
ious irritable bowel syndrome, although false-neg-
tive stool test results in a patient with true recurrent
DI is a possibility. However, the practice of repeat

tool testing for CDI is discouraged because the
ield is low.56 In patients with severe symptoms
uggestive of recurrence, treatment can be initiated
hile awaiting stool assay results.

There are no randomized controlled trials of pa-
ients with multiple CDI recurrences, and treatment
ptions and recommendations are often made on
he basis of findings of small studies and case re-
orts. In a patient with a confirmed first recurrence,

nitial therapy should consist of a 2-week course of
ral metronidazole therapy for mild to moderate
DI (if the first infection responded to this treat-
ent) or oral vancomycin for severe CDI. For a sec-

nd recurrence, a 6- to 7-week tapering regimen with
ral vancomycin is recommended (Table 4).7,13 For a
ubsequent relapse, a 10- to 14-day course of a stan-
ard dosage of oral vancomycin is recommended,
ollowed by a 14-day course of oral rifaximin (400
g twice daily). At this stage, oral fidaxomicin or

ecal microbiota transplant also may be considered,

ficile Infection

le previously)

ed by rifaximin, 400 mg twice daily for 14 d

ted up to 3 times at 3-wk intervals
dif

4 d

idazo

llow

pea
oral rifaximin
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although fidaxomicin has not been studied in pa-
tients with multiple recurrent episodes of CDI. Ad-
ditional treatment options for multiple relapses in-
clude 400 mg/kg IVIG, repeated up to 3 times if
needed, or combination therapy with oral vancomy-
cin and rifaximin. In some patients, long-term treat-
ment with oral vancomycin (125 mg daily or every
other day) may be needed to control symptoms and
prevent episodes of recurrence.

CONCLUSION
The incidence and severity of CDI are increasing,
and the condition can be associated with significant
morbidity. CDI is now being increasingly described
in patients previously thought to be at low risk, and
several novel risk factors have been identified. Re-
current CDI continues to be a major management
challenge. The emergence of newer therapies in-
cluding fidaxomicin and fecal microbiota transplant
has added options for the management of CDI. Ad-
ditional research is ongoing to identify other CDI
treatment options including newer antibiotics,
monoclonal antibodies, vaccines, and probiotics.

Abbreviations and Acronyms: CDI � Clostridium difficile
infection; FDA � Food and Drug Administration; FMT �
fecal microbiota transplantation; IDSA/SHEA � Infectious
Diseases Society of America/Society for Healthcare Epide-
miology of America; IVIG � intravenous immunoglobulin;
PCR � polymerase chain reaction; PPI � proton pump
inhibitor
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