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LEARNING OBJECTIVES

1. Assess the burden of Clostridioides difficile infection (CDI) on hospitalized and non-hospitalized patients.

2. Analyze the phenotypic and molecular epidemiology of C. difficile to gain insight into the prognosis of CDI and direct
antimicrobial stewardship efforts.

3. Distinguish between the drug therapy recommendations in several of the leading CDI guidelines.

4. Evaluate FDA-approved therapies and agents currently used off-label to determine their place in therapy.
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INTRODUCTION

Burden of Infection

Clostridioides difficile infection (CDI) is caused by a toxin-producing,
spore-forming, gram-positive, anaerobic bacillus. This bacteria, orig-
inally termed Bacillus difficilis, was first isolated from the stool of
four healthy neonates in 1935 (Hall 1935). Since then, B. difficilis was
renamed C. difficile, which has become the most common cause of
health care-associated infections and the leading cause of gastro-
enteritis-associated mortality in the United States (Magill 2018; Hall
2012). Although the annual incidence of CDI appears to be decreas-
ing, C. difficile continues to cause an estimated 113 infections per
100,000 persons per year (Guh 2020). Despite an influx of resources
dedicated to antimicrobial stewardship initiatives targeted at reduc-
ing CDI rates and development of new CDI treatments, C. difficile
remains one of only five CDC-designated urgent threats (CDC 2019).
Furthermore, only three drugs—vancomycin, fidaxomicin, and bezlo-
toxumab—have FDA approval to manage CDI, highlighting the need
for continued focus in this area.

About one in four patients treated with metronidazole or vanco-
mycin for CDI experience recurrent CDI (rCDI) (Wilcox 2017; Johnson
2014; Cornely 2012; Louie 2011; Zar 2007). Despite the development
of agents such as fidaxomicin and bezlotoxumab that are proven
to decrease CDI recurrence, the incidence of rCDI remains about
15% (Wilcox 2017; Cornely 2012; Louie 2011). The risk of continued
rCDI episodes increases with each subsequent recurrence, with up
to about 45%—65% of patients experiencing another episode after
their first recurrence (Feuerstadt 2022; Sheitoyan-Pesant 2016; Kelly
2012). Notably, rCDI is such a concern that all contemporary clini-
cal trials have incorporated it into their composite efficacy end point,
termed global cure, sustained response, sustained clinical response, or
sustained clinical cure, all of which are defined as clinical cure without
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recurrence (Carlson 2019; Guery 2018; Mikamo 2018; Wilcox
2017; Cornely 2012; Louie 2011).

Infection with C. difficile causes significant morbidity and
mortality. Although the mortality rates reported vary depend-
ing on circulating strains, about 5%-10% of patients with
CDI die within 30 days of diagnosis in the endemic setting,
and mortality rates are higher in patients with severe dis-
ease than in those with nonsevere disease (Carlson 2020d;
Appaneal 2018; Kwon 2015). Progression to fulminant dis-
ease is rare; however, the mortality rate in this subset of
patients is between 30% and 40% (Sailhamer 2009; Juo 2019).
Unfortunately, no drug therapy has been proven to decrease
mortality in randomized controlled trials (RCTs).

In addition, CDI has also been associated with higher rates
of discharge to a non-home location, such as a skilled nurs-
ing facility; higher rates of hospital readmission; and poorer
quality of life compared with patients without CDI (Reveles
2019; Heinrich 2018; Dubberke 2008). Notably, patients with
rCDI have higher rates of rehospitalization and mortality and

BASELINE KNOWLEDGE STATEMENTS

Readers of this chapter are presumed to be familiar
with the following:

e A basic understanding of the human gut microbi-
ome and the concept of colonization resistance

e General knowledge of the risk factors and patho-
genesis of CDI

¢ A basic understanding of statistics, including
calculations for NNT

Table of common laboratory reference values

ADDITIONAL READINGS

The following free resources have additional back-

ground information on this topic:

¢ McDonald LC, Gerding DN, Johnson S, et al. Clinical
practice guidelines for Clostridium difficile infection
in adults and children: 2017 update by the
Infectious Diseases Society of America (IDSA) and
Society for Healthcare Epidemiology of America
(SHEA). Clin Infect Dis 2018;66:987-94.

e Johnson S, Lavergne V, Skinner AM, et al. Clinical
practice guideline by the Infectious Diseases
Society of America (IDSA) and Society for
Healthcare Epidemiology of America (SHEA): 2021
focused update guidelines on management of
Clostridioides difficile infection in adults. Clin Infect
Dis 2021;73:€1029-44.

e Kelly CR, Fischer M, Allegretti JR, et al. ACG clinical
guidelines: prevention, diagnosis, and treatment of
Clostridioides difficile infections. Am J Gastroenterol
2021;116:1124-47.
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poorer quality of life relative to patients with primary CDI (Han
2021; Garey 2016; Olsen 2015a, 2015b; Zilberberg 2015). These
data highlight the importance of using treatment agents that
reduce the risk of rCDI.

Not surprisingly, the financial burden of CDI is significant,
with estimations that CDI is responsible for billions of dollars
in annual health care costs (CDC 2019; Rodrigues 2017; Kwon
2015). Hospital costs attributable to primary CDI are esti-
mated to range from $3000 to $30,000 per episode, and costs
increases in the case of rCDI (Rodrigues 2017; Shah 2016;
Kwon 2015; Nanwa 2015; Dubberke 2014; Ghantoji 2010).

Clinical Presentation

Patients with CDI may present with abdominal pain, tender-
ness, cramping, and distension—and, of course, diarrhea
(Bartlett 2008). The diarrhea is typically watery and profuse
(10 or more stools per day) and is rarely bloody. Guidelines
recommend only testing patients with new-onset diarrhea,
defined as 3 or more unformed stools in a 24-hour period
(Kelly 2021; McDonald 2018). However, patients with fulmi-
nant CDI may not have diarrhea because of the presence of
a paralytic ileus (Sailhamer 2009). Signs of CDI may include
fever, leukocytosis, hypoalbuminemia, hypotension, colonic
wall thickening, pseudomembranous colitis, and toxic mega-
colon (Bartlett 2008). To classify CDI severity, guidelines
advocate using laboratory values, including white blood
cell count and serum creatinine, in addition to other clinical
findings, including hypotension, shock, ileus, and megaco-
lon (Kelly 2021; McDonald 2018). Table 1 lists the specific
criteria for classification of CDI severity. As true for most
infections, these signs and symptoms are nonspecific to CDI
and may be caused by other enteric pathogens, ischemic coli-
tis, idiopathic inflammatory bowel disease, tube feeding, and
medications, such as antibiotics, chemotherapy, and laxa-
tives. Guidelines specify that diagnostic testing should only
be performed in patients with diarrhea unexplained by other

Table 1. Criteria for Classification of CDI Severity

Severity Clinical Criteria

Nonsevere WBC < 15 x 10° cells/mm®and SCr < 1.5 mg/dL
Severe WBC = 15 x 10° cells/mm?®or SCr = 1.5 mg/dL
Fulminant Hypotension, shock, ileus, or megacolon

Information from: McDonald LC, Gerding DN, Johnson S, et
al. Clinical practice guidelines for Clostridium difficile infec-
tion in adults and children: 2017 update by the Infectious
Diseases Society of America (IDSA) and Society for
Healthcare Epidemiology of America (SHEA). Clin Infect Dis
2018;66:€1-48; Kelly CR, Fischer M, Allegretti JR, et al. ACG
clinical guidelines: prevention, diagnosis, and treatment of
Clostridioides difficile infections. Am J Gastroenterol 2027;
116:1124-47.

Clostridioides difficile Infection Epidemiology



causes. Thus, it is important to rule out other causes for diar-
rhea before considering CDI.

Diagnosis

C. difficile is somewhat distinct among bacterial infections in
that it is diagnosed almost exclusively with molecular tests,
specifically because the toxins of C. difficile are key to its
pathogenesis, which can be quickly identified using nucleic
acid amplification tests and enzyme immunoassays. In
addition, isolation of a single bacterial species from a stool
sample is resource intensive, and it is difficult to grow a strict
anaerobe, such as C. difficile, using traditional culture-based
methods. Thus, only a small number of laboratories in the
United States have the capabilities to grow, type, and per-
form antibiotic susceptibility testing on a large-scale basis.
Because of this limitation, much less is known about between
strain differences in virulence, antibiotic susceptibility, and
clinical outcomes than for other bacteria.

Guidelines advocate using one of several multistep algo-
rithms listed in Table 2 that balance clinical sensitivity and
specificity to diagnose CDI (Kelly 2021; McDonald 2018). As
noted in the Clinical Presentation section, only patients with

Multistep Algorithms Used to Diagnose
Clostridium difficile Infection

Established NAAT alone
institutional criteria® * GDH EIA + toxin EIA
for stool submission * GDH EIA + toxin EIA, arbitrated
by NAAT
+ NAAT + toxin EIA

No established + GDH EIA + toxin EIA
institutional criteria * GDH EIA + toxin EIA, arbitrated

for stool submission by NAAT
* NAAT + toxin EIA

2For example, clinicians agree to only test patients with
new-onset >3 stools in a 24-hour period that are unex-
plained by other causes (e.g., other enteric pathogens,
ischemic colitis, idiopathic inflammatory bowel disease,
tube feeding, and/or medications (e.g., antibiotics, chemo-
therapy, laxatives)) and microbiology laboratory staff agree
to reject specimens that are not liquid (i.e., type 6 or 7 stool
on the Bristol Stool Chart).

EIA = enzyme immunoassay; GDH = glutamate
dehydrogenase; NAAT = nucleic acid amplification test.
Information from: McDonald LC, Gerding DN, Johnson S, et
al. Clinical practice guidelines for Clostridium difficile
infection in adults and children: 2017 update by the
Infectious Diseases Society of America (IDSA) and Society
for Healthcare Epidemiology of America (SHEA). Clin Infect
Dis 2018;66:e1-48; Kelly CR, Fischer M, Allegretti JR, et al.
ACG clinical guidelines: prevention, diagnosis, and
treatment of Clostridioides difficile infections. Am J
Gastroenterol 2021;116:1124-47.
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new-onset diarrhea, defined as 3 or more unformed stools in
a 24-hour period, that is unexplained by other causes should
be tested for CDI.

Epidemiologic Classifications

Health Care Facility-Onset CDI

The CDC classifies CDI into three categories: community-
onset (CO), health care facility-onset (HO), and community-
onset, health care facility-associated (CO-HCFA) (CDC 2022).
Specifically, HO-CDI is defined as CDI that is diagnosed in an
inpatient location 3 or more days after admission to the facil-
ity, meaning on or after day 4, and CO-HCFA-CDI is defined
as CDI that is diagnosed in an outpatient location or within
3 days of hospital admission in a patient with an overnight
stay in a health care facility in the 28 days before stool
specimen collection. In the literature, these categories are
occasionally combined into a single category, such as health
care-associated CDI. The aforementioned decline in CDI inci-
dence was driven by changes in health care-associated CDI,
which decreased by about 6% annually from 2011 to 2017
(Guh 2020). Because health care facility-level antibiotic use
has been positively correlated with HO-CDI rates, antimicro-
bial stewardship programs will continue to be essential in the
fight against CDI (Kazakova 2020, 2021).

Community-Onset CDI

Community-onset CDI (CO-CDI) is defined as CDI that is diag-
nosed in an outpatient location or within 3 days of hospital
admission in a patient who was not discharged from a health
care facility in the past 28 days (CDC 2022). Despite a lower
incidence of CO-CDI (53 infections per 100,000 person-years)
relative to health care-associated CDI (61 infections per
100,000 person-years), CO-CDI still accounts for an estimated
170,000 cases annually (Guh 2020). Furthermore, rates of
CO-CDI remained stable between 2011-2017. Unlike HO-CDI,
in which almost 100% of patients have had recent exposure
to antibiotics, a significant proportion (35.9%) of patients
with CO-CDI have no reported exposure to antibiotics (Chitnis
2013; Loo 2011). Although these data are subject to recall bias
and may underestimate antibiotic exposure in patients with
CO-CDI, they highlight the presence of other nonantibiotic
risk factors that ultimately lead to CDI.

Typing and Antibiotic Susceptibility Testing

Contemporary C. difficile typing methods were not devel-
oped until the 1980s and did not become widely used until
the 2000s, coinciding with the discovery of the hyperviru-
lent BI/North American pulsed-field type 1 (NAP1)/027 strain
(Killgore 2008). Common typing methods in the United States
include restriction endonuclease analysis (REA), pulsed-field
gel electrophoresis (PFGE), and PCR-ribotyping. As an exam-
ple of how the results of these methods are reported, the
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hypervirulent BI/NAP1/027 strain is type Bl by REA, NAP1 by
PFGE, and ribotype 027 by PCR-ribotyping. Although there is
a large degree of overlap among the strain type assigned by
each of these methods, the type assigned to a given C. difficile
isolate may differ between methods (Tenover 2017).

Given the pathogenesis of CDI, it can be useful to use
circulating strain types and their associated antibiotic sus-
ceptibility patterns to guide antimicrobial stewardship
efforts. For example, ribotype 027 is notorious for express-
ing high-level resistance to fluoroquinolones (MIC,, 32
mcg/mL or greater) (Tickler 2019; McDonald 2005). One can
imagine a hospital with a high prevalence of ribotype 027 and
high fluoroquinolone use: fluoroquinolones given to patients
will be able to kill commensal gut bacteria but will be unable
to kill C. difficile, thereby leaving a niche for C. difficile to thrive.
In this scenario, the knowledge that ribotype 027 is prevalent
and that it is associated with high-level fluoroquinolone resis-
tance may help antibiotic stewards to develop an intervention
to decrease fluoroquinolone use. Characteristic phenotypic
susceptibility patterns of certain C. difficile strains (the clinda-
mycin-resistant “J” strain and the fluoroquinolone-resistant
ribotype 027) have been used to direct antimicrobial steward-
ship efforts in outbreak settings (Dingle 2017; Aldeyab 2017;
Pear 1994). Unfortunately, each ribotype has specific anti-
biotic susceptibility profiles, and ribotype 027 is becoming
less prevalent, making prospective C. difficile surveillance,
including typing and antibiotic susceptibility testing, more
important than ever (Cheknis 2018; Thorpe 2019; Tickler
2019).

Epidemic Strains
The most widely used typing method is PCR-ribotyping,
which is based on the size variation of the 16S-23S inter-
genic spacer regions in DNA (Huber 2013). A ribotype is
defined as a group of strains that produce an identical band
pattern; therefore, a single band difference warrants a new
ribotype. Surveillance data from 26 centers in the United
States between 2011-2012 identified ribotype 027 (30.6%),
014/020 (13.5%), and 106 (6.6%) as the three most com-
mon types (Tickler 2019). Between 2015-2017, the three
most common ribotypes were 106 (18.8%), 027 (13.5%), and
014/020 (12.5%). In another surveillance study including
six centers in the United States, ribotype 027 (35.3%), 106
(16.5%), and 014/020 (10.8%) were the three most prevalent
strains in 2011, whereas ribotypes 106 (15.0%), 027 (13.1%)
and 014/020 (11.8%) were the most prevalent in 2016 (Thorpe
2019). In a study of 50 centers in Texas, the most prevalent
strains in 2011 were ribotype 027 (21.5%), 014/020 (15.8%),
and 106 (10.3%) whereas the most prevalent strains in 2018
were ribotype 014/020 (18.5%), 027 (13.5%), and 106 (12.9%)
(Gonzales-Luna 2020).

As part of its Emerging Infections Program, the CDC
has been conducting surveillance since 2012 in the follow-
ing 10 states: California, Colorado, Connecticut, Georgia,
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Maryland, Minnesota, New Mexico, New York, Oregon, and
Tennessee (CDC 2021). The data are stratified by health care
setting—health care-associated CDI or CO-CDI. The three
most prevalent strains among health care-associated infec-
tions in 2012 were ribotype 027 (21.2%), 106 (8.6%), and 002
(5.6%) whereas the most prevalent strains among CO-CDI
was ribotype 027 (17.1%), 106 (9.2%), and 002 (8.7%). In 2017,
the three most prevalent health care-associated strains were
ribotype 027 (14.6%), 106 (9.7%), and 002 (6.8%) whereas the
most prevalent CO-CDI strains were ribotype 106 (12.1%), 002
(9.7%), and 020 (6.5%).

Totalgenomic DNAisusedtoperform REA,inwhichthe DNA
is digested by a restriction enzyme (Hindlll), and the resulting
fragments are resolved by classical agarose electrophoresis
(Huber 2013). Although REA may provide greater discrimina-
tion between variants, it is labor-intensive and reproducibility
between laboratories is difficult (Huber 2013; Killgore 2008).
Currently, only the Hines Veterans Administration Hospital in
Chicago, lllinois, performs REA (Cheknis 2018; Thorpe 2019;
Snydman 2015). Surveillance data in the United States from
2011-2012 identified BI (ribotype 027) (25.5%), Y (ribotype
014/020) (15.8%), and DH (ribotype 106) (9.8%) as the three
most common types (Snydman 2015). Between 2015-2016,
the three most common types were Y (ribotype 014/020)
(15.6%), DH (ribotype 106) (13.3%), and BI (ribotype 027)
(12.8%), highlighting a drastic reduction in the proportion
of CDI caused by the hypervirulent epidemic strain (Thorpe
2019).

Pulsed-field gel electrophoresis is performed using total
genomic DNA, which is digested by a restriction enzyme
(Smal), and the resulting fragments are resolved by PFGE
(Huber 2013). Like REA, PFGE is also highly discriminatory,
but it carries the same limitations (Huber 2013; Killgore
2008). The CDC has historically used PFGE; however, there
are no contemporary United States surveillance studies
reporting PFGE types (See 2014). Notably, this method is still
commonly used in Canada (Katz 2018). Taken together, these
data demonstrate that the once dominant ribotype 027 strain
is decreasing in the United States, whereas ribotype 106 has
become the most common strain, particularly among CO-CDI
cases.

Outcomes studies for CDI with between-strain compari-
sons are uncommon in the literature, and most have focused
on ribotype 027 (Almutairi 2021; Reveles 2019; Aitken 2015;
See 2014; Walker 2013; Walk 2012; Goorhuis 2008). In gen-
eral, these studies have demonstrated that ribotype 027 is
associated with higher mortality and other poor clinical out-
comes, such as discharge to a nonhome location, compared
with all non-027 ribotypes (Almutairi 2021; Reveles 2019;
Aitken 2015; See 2014; Walker 2013). Recently, toxin A and B
concentration has been proven to correlate with poor clini-
cal outcomes (Alonso 2021). Ribotype 027 has demonstrated
higher levels of toxin A and B production compared with non-
027 ribotypes, which may explain the increased virulence of
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this strain (Warny 2005). Ribotype 078 has also been asso-
ciated with higher mortality whereas ribotype 014/020 has
been associated with lower rates of poor clinical outcomes
(Almutairi 2021; Aitken 2015; Walker 2013). Although not
proven convincingly, the binary toxin, which is produced by
ribotypes 027 and 078, may also contribute to the virulence
of these strains (Carlson 2020a).

Lastly, ribotype 106 has been associated with higher rates
of poor clinical outcomes compared with ribotype 014/020,
but not ribotype 027 (Almutairi 2021). Although ribotype 106
produces less toxin than ribotype 027, it appears to maintain
higher spore concentrations for longer periods than other
ribotypes, including ribotype 027 (Vohra 2011; Baines 2009).
Although not proven to correlate with poor clinical outcomes,
increased spore concentrations could theoretically affect
recurrence rates and transmission. To date, no treatment or
adjunctive agent is proven to reduce the rate of mortality in
patients with CDI. However, toxin and spore dynamics of com-
mon strains have the potential to guide future efforts for drug
discovery.

IDSA and SHEA Guidelines

In 1995, Society for Healthcare Epidemiology of America
(SHEA) first published a position paper on CDI manage-
ment (Gerding 1995). Subsequently, SHEA collaborated with
Infectious Diseases Society of America (IDSA) on CDI treat-
ment guidelines in 2010, 2017, and 2021 (Johnson 2027;
McDonald 2018; Cohen 2010). Recommendations from the
2017 guideline and the 2021 IDSA/SHEA focused update
regarding pharmacologic management of CDI are detailed in
the following.

Prevention

The 2017 IDSA/SHEA guideline briefly discusses the use of
probiotics and antibiotics as methods to prevent CDI; how-
ever, they do not provide a recommendation and instead cite
insufficient data (McDonald 2018). Nondrug therapy recom-
mendations for the prevention of CDI include implementing
an antibiotic stewardship program to minimize the frequency
and duration of antibiotic therapy, accommodating patients
with CDI in a private room, and handwashing with soap and
water after contact with a patient with CDL.

Treatment

Adults

Recommendations regarding metronidazole reflect the big-
gest change in CDI therapy between 1995 and 2017. In 1995,
metronidazole and vancomycin were considered equiva-
lent (Gerding 1995). Subsequently, based on the results of a
landmark trial by Zar et al., the 2010 guideline recommended
against the use of metronidazole for patients with severe
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disease, given the lower rates of clinical cure compared with
vancomycin (Cohen 2010; Zar 2007). In 2014, the results of two
phase 3 clinical trials comparing tolevamer with metronida-
zole and vancomycin revealed similar findings: metronidazole
demonstrated inferior clinical cure rates compared with van-
comycin, regardless of disease severity (Johnson 2014). In
addition, two large phase 3 clinical trials published since
2010 demonstrated fidaxomicin noninferiority to vancomycin
(Cornely 2012; Louie 2011). Thus, the 2017 guideline recom-
mended against metronidazole for all adult patients with
CDI and instead recommends vancomycin or fidaxomicin
(McDonald 2018). Since then, two additional RCTs have been
published comparing fidaxomicin versus vancomycin, lead-
ing the 2021 focused update to recommend fidaxomicin over
vancomycin for the treatment of CDI in adults (Johnson 2021;
Guery 2018; Mikamo 2018).

The IDSA/SHEA recommendations for therapeutic man-
agement of CDI were based on adult data from RCTs of
metronidazole, vancomycin, fidaxomicin, rifaximin, and bezlo-
toxumab, as follows: four RCTs of metronidazole (Johnson
2014; Zar 2007; Wenisch 1996; Teasley 1983); eight RCTs
of vancomycin (Guery 2018; Mikamo 2018; Johnson 2014,
Cornely 2012; Louie 2011; Zar 2007; Wenisch 1996; Teasley
1983); four RCTs of fidaxomicin (Guery 2018; Mikamo 2018;
Cornely 2012; Louie 2011); one RCT of rifaximin (Garey 20117);
and one RCT of bezlotoxumab (Wilcox 2017). In addition, they
considered three retrospective cohort studies of metroni-
dazole and vancomycin (Musher 2005; Pepin 2005; Wilcox
1995). Notably, the 2021 IDSA/SHEA guideline specifically
excluded retrospective studies (Johnson 2021). These recom-
mendations for various adult patient populations are outlined
in Table 3.

Children

To create treatment recommendations for children, the
2017 IDSA/SHEA CDI guideline relied on data from adults
and one small observational study in children because
of a lack of high-quality evidence in children at the time
of publication (Khanna 2013). These recommendations
for various pediatric patient populations are outlined
in Table 4. Notably, a phase 3 RCT named SUNSHINE
has since been published that demonstrated the safety
and efficacy of fidaxomicin in children and adolescents
compared with vancomycin (Wolf 2020). Pediatric treat-
ment recommendations were not addressed in the 2021
IDSA/SHEA focused update.

ACG Guidelines

The American College of Gastroenterology (ACG) first
released their CDI guideline in 2013, followed by an update
in 2021 (Kelly 2021; Surawicz 2013). The 2021 ACG guideline
recommendations on pharmacologic management of CDI are
detailed in the following text.
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Adult Treatment Recommendations from the 2017 and 2021 IDSA/SHEA and 2021 ACG CDI Guidelines

Primary
CDIa®

First
recurrence®®

Fidaxomicin 200 mg BID for 10 days (preferred)
Vancomycin 125 mg QID for 10 days
Metronidazole 500 mg TID for 10-14 days

(for nonsevere CDI if fidaxomicin and
vancomycin are unavailable)

Fidaxomicin 200 mg BID for 10 days (preferred)
Fidaxomicin 200 mg BID for 5 days, and then once
daily every other day for 20 days (preferred)

Nonsevere:

Vancomycin 125 mg QID for 10 days

Fidaxomicin 200 mg BID for 10 days

Metronidazole 500 mg TID for 10 days (for low-risk patients)¢

Severe:

Vancomycin 125 mg QID for 10 days
Fidaxomicin 200 mg BID for 10 days
FMTe

Vancomycin tapered and pulsed
Fidaxomicin 200 mg BID for 10 days (unless fidaxomicin was
used for primary infection)

Vancomycin tapered and pulsed
Vancomycin 125 mg QID for 10 days
(if metronidazole was used for primary infection)

Second or EMT
subsequent

recurrence®®

Fidaxomicin 200 mg BID for 10 days (preferred)
Fidaxomicin 200 mg BID for 5 days, and then once
daily every other day for 20 days (preferred)

Vancomycin tapered and pulsed

Vancomycin 125 mg QID for 10 days, and then
rifaximin 400 mg TID for 20 days

FMT
Fulminant Vancomycin 500 mg QID Vancomycin 500 mg QIDf
CDI —PLUS— —PLUS—
Metronidazole IV 500 mg TID Metronidazole IV 500 mg TID
—PLUS— —PLUS—
Vancomycin rectal 500 mg in 100-mL saline QID Vancomycin rectal 500 mg in 100-mL saline QID (if ileus present)
(if ileus present) —OR—
FMTe

2IDSA/SHEA: Consider adding bezlotoxumab 10 mg/kg once in patients who are age = 65 years, are immunocompromised, or have
severe CDI (no recommendation).

PACG: Add bezlotoxumab 10 mg/kg once in patients who are age = 65 years and have one of the following: CDI episode within the
past 6 months, immunocompromise, or severe CDI (conditional recommendation, moderate quality of evidence).

°IDSA/SHEA: Add bezlotoxumab 10 mg/kg once in patients with a CDI episode within the past 6 months (conditional recommendation,
very low certainty of evidence).

dLow-risk patients are defined as “younger outpatients with minimal comorbidities.”

eConsider FMT in patients with CDI refractory to antibiotic therapy, particularly for patients considered poor surgical candidates.

fA higher vancomycin dose (500 mg) should be given for the first 48—72 hours, followed by standard dosing (125 mg QID).

ACG = American College of Gastroenterology; BID = twice daily; CDI = Clostridioides difficile infection; FMT = fecal microbiota
transplantation; IDSA = Infectious Diseases Society of America; IV = intravenous; QID = four times daily; SHEA = Society for
Healthcare Epidemiology of America; TID = three times daily.

Information from: McDonald LC, Gerding DN, Johnson S, et al. Clinical practice guidelines for Clostridium difficile infection in adults and
children: 2017 update by the Infectious Diseases Society of America (IDSA) and Society for Healthcare Epidemiology of America (SHEA).
Clin Infect Dis 2018;66:e1-48; Johnson S, Lavergne V, Skinner AM, et al. Clinical practice guideline by the Infectious Diseases Society of
America (IDSA) and Society for Healthcare Epidemiology of America (SHEA): 2021 focused update guidelines on management of
Clostridioides difficile infection in adults. Clin Infect Dis 2021;73:€1029-44; Kelly CR, Fischer M, Allegretti JR, et al. ACG clinical guidelines:
prevention, diagnosis, and treatment of Clostridioides difficile infections. Am J Gastroenterol 2021;116:1124-47.
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Pediatric CDI Treatment Recommendations from the 2017 IDSA/SHEA Guideline

Primary CDI

Metronidazole 7.5 mg/kg/dose TID or QID for 10 days

Vancomycin 10 mg/kg/dose QID for 10 days

First recurrence

Metronidazole 7.5 mg/kg/dose TID or QID for 10 days

Vancomycin 10 mg/kg/dose QID for 10 days

Second or subsequent recurrence

Vancomycin 10 mg/kg/dose QID for 10 days®

Vancomycin tapered and pulsed

Vancomycin 10 mg/kg/dose QID for 10 days, and then rifaximin® 400 mg TID for 20 days

—OR-—
FMT

Severe or fulminant CDI (primary

CDI or recurrent CDI) —PLUS—-

Vancomycin 10 mg/kg/dose QID for 10 days

Metronidazole IV 10 mg/kg/dose TID for 10 days

—PLUS—

Vancomycin rectal 500 mg in 100-mL saline QID (if ileus present)

aMaximum doses: metronidazole 500 mg/dose; vancomycin 125 mg/dose (nonsevere) or 500 mg/dose (severe/fulminant); rifaximin

400 mg/dose.

A standard course of vancomycin should only be used if all previous CDI episodes were treated with metronidazole.
°Rifaximin does not have FDA approval for use in children age < 12 years. Dosing listed is for children age = 12 years and based on

doses used in adults with CDI.

CDI = Clostridioides difficile infection; FMT = fecal microbiota transplantation; IV = intravenous; QID = four times daily; TID = three

times daily.

Information from: McDonald LC, Gerding DN, Johnson S, et al. Clinical practice guidelines for Clostridium difficile infection in adults
and children: 2017 update by the Infectious Diseases Society of America (IDSA) and Society for Healthcare Epidemiology of

America (SHEA). Clin Infect Dis 2018;66:e1-48.

Prevention

Unlike the IDSA/SHEA guidelines, the ACG guideline makes
recommendations regarding the use of probiotics and antibi-
otics for the primary and secondary prevention of CDI (Kelly
2021). For both primary (strong recommendation) and sec-
ondary (conditional recommendation) prevention of CDI, the
ACG Guideline Committee recommends against the use of
probiotics. However, the guideline does state that secondary
vancomycin prophylaxis can be considered during subse-
quent systemic antibiotic use in patients with a history of CDI
who are at high risk of recurrence to prevent further recur-
rence (conditional recommendation).

Treatment

Adults

The 2013 ACG guideline did not advocate for fidaxomicin,
citing limited data at the time of publication, and instead rec-
ommended metronidazole for nonsevere CDI and vancomycin
for severe CDI based on the results of the landmark trial by
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Zar et al. (Surawicz 2013; Zar 2007). For the 2021 update, the
ACG Guideline Committee considered the same 10 RCTs as
the IDSA/SHEA Guideline Committee but concluded that met-
ronidazole may still be considered as first-line for treatment
of nonsevere, primary CDI in younger outpatients with mini-
mal comorbidities, based on the results of an observational
study (Appaneal 2018). In addition, either vancomycin or
fidaxomicin are recommended interchangeably based in part
on the results of another observational study not considered
by IDSA/SHEA (Gentry 2019). Based on two RCTs, rifaximin
follow-on therapy is not recommended (Major 2019; Garey
2011). Lastly, the use of fecal microbiota transplantation
(FMT), especially in patients with multiply rCDI, is empha-
sized the ACG guideline. See Table 3 for recommendations
for various adult patient populations.

Children
The 2021 ACG guideline does not make any recommenda-
tions specific to pediatric patients (Kelly 2021).

Clostridioides difficile Infection Epidemiology



Pharmacokinetics and Pharmacodynamics

Given the aforementioned challenges with isolating and cul-
turing C. difficile, testing for antibiotic susceptibilities has not
been prospectively performed to direct antibiotic treatment
in individual patients and instead is conducted for phar-
macokinetic/pharmacodynamic (PK/PD) analyses in drug
development. With the exception of metronidazole, all anti-
biotics used to treat CDI have MIC,, values that are several
orders of magnitude lower than the concentration of that anti-
biotic in feces (Table 5).

From a PK/PD perspective, vancomycin and fidaxomi-
cin have the best chance at attaining adequate exposures
throughout all 10 days of treatment. Epidemiologic findings
from the United States between 2013-2016 suggest fidax-
omicin is the most potent C. difficile active antibiotic with
a MIC,; of 0.5 mcg/mL and MIC range of 0.004-1 mcg/mL
(Thorpe 2019). In two recent studies, vancomycin has demon-
strated MIC,, values of 2 mcg/mL (2013-2016) and 2 mcg/mL
(2015-2017) with corresponding MIC ranges of 0.25-8
mcg/mL or less and 1-4 mcg/mL, respectively (Thorpe 2019;

Tickler 2019). Lastly, metronidazole has MIC,, values of 1
mcg/mL (2013-2016) and 0.5 mcg/mL (2015-2017) and
MIC ranges of 0.06—4 mcg/mL or less and 0.125-1 mcg/mL,
respectively. Notably, metronidazole MICs may be under-
estimated using current methods without the addition of
fresh heme with no exposure to light (Boekhoud 2021; Wu
2021). Thus, undetected metronidazole resistance may be
contributing to the clinical failure rates of 16.5%—27.3% in
contemporary clinical trials (Zar 2007; Johnson 2014). In fact,
recent evidence suggests that C. difficile metronidazole MICs
1 mcg/mL or greater may predict clinical failure in patients
treated with metronidazole (Gonzales-Luna 2021). The effects
of reduced antibiotic susceptibility on clinical outcomes are
just beginning to be explored, and the findings of such inves-
tigations may affect clinical practice moving forward.

Treatment

Currently two treatments for CDI have FDA approval, van-
comycin and fidaxomicin, both of which are antibiotics and
further disrupt the remaining gut microbiota, thus leading to
CDI recurrence in a subset of patients (Louie 2012; Edlund

Comparison of Antibiotic Fecal Concentrations in Patients with CDI, C. difficile MIC,, Values, and Resistance

Breakpoints

Fidaxomicin 1433 (975); range 389—3975
1225 (759); range 32-4640

1985 (1368)

Watery stool: 9.3 (7.5); range 0.8—24.2
Semi-formed stool: 3.3 (3.6); range 0.4-10.4
Formed stool: 1.2 (2.8); range 0.0-10.2

1.2 (0.4-4.6)% minimum 0.0

Metronidazole

~1000; minimum 15
~2000; range 17-5277

Vancomycin

aMedian (interquartile range).

0.5 2866:1 NA

2450:1
3970:1

1 9:1 Breakpoint: = 32 mcg/mL
31 ECOFF: > 2
1:
1:1

2 500:1 ECOFF: >2
1000:1

CDI = Clostridioides difficile infection; ECOFF = epidemiologic cutoff value; NA = not applicable.

Information from: Bolton RP, Culshaw MA. Faecal metronidazole concentrations during oral and intravenous therapy for antibiotic
associated colitis due to Clostridium difficile. Gut 1986;27:1169-72; Louie T, Miller M, Donskey C, et al. Clinical outcomes, safety, and
pharmacokinetics of OPT-80 in a phase 2 trial with patients with Clostridium difficile infection. Antimicrob Agents Chemother
2009;53:223-8; Gonzales M, Pepin J, Frost EH, et al. Faecal pharmacokinetics of orally administered vancomycin in patients with
suspected Clostridium difficile infection. BMC Infect Dis 2010;10:363; Louie TJ, Miller MA, Mullane KM, et al. Fidaxomicin versus
vancomycin for Clostridium difficile infection. N Engl J Med 2011;364:422-31; Thabit AK, Nicolau DP. Impact of vancomycin faecal
concentrations on clinical and microbiological outcomes in Clostridium difficile infection. Int J Antimicrob Agents 2015;46:205-8;
Mikamo H, Tateda K, Yanagihara K, et al. Efficacy and safety of fidaxomicin for the treatment of Clostridioides (Clostridium) difficile
infection in a randomized, double-blind, comparative phase Il study in Japan. J Infect Chemother 2018;24:744-52; Thorpe CM,
McDermott LA, Tran MK, et al. U.S.-based national surveillance for fidaxomicin susceptibility of Clostridioides difficile-associated
diarrheal isolates from 2013 to 2016. Antimicrob Agents Chemother 2019;63:e00391-19; Saunders M, Jeffery J, Vincent Z, et al.
Relationship between faecal metronidazole and lactoferrin concentrations to clinical response of patients with Clostridioides
difficile. Eur J Clin Microbiol Infect Dis 2020;39:1781-4; Clinical and Laboratory Standards Institute (CLSI). Performance Standards
for Antimicrobial Susceptibility Testing, 31st ed. Wayne, PA: CLSI, 2022; European Committee on Antimicrobial Susceptibility
Testing (EUCAST). Clinical Breakpoints — Bacteria (v 12.0). Vaxjo, Sweden: EUCAST, 2022.

* Abdominopelvic Cavity Infections

Clostridioides difficile Infection Epidemiology



1997). A third agent, bezlotoxumab, is a nonantibiotic and has
FDA approval to reduce the rate of rCDI. Although bezlotox-
umab does not directly affect the gut microbiome, it must be
paired with a standard-of-care antibiotic (Wilcox 2017). Thus,
all management options for CDI further harm the gut microbi-
ome instead of restoring it, a paradox that must change with
the hope to prevent rCDI altogether.

Fidaxomicin

Fidaxomicin is an oral antibiotic available as a tablet, which
in 2011 became only the second CDI treatment with FDA
approval, according to the package insert. In 2020, the indi-
cation for fidaxomicin was expanded to include children aged
6 months and older. Coinciding with its approval in children
was the introduction of an oral suspension formulation.

Mechanism of Action

Fidaxomicin is a macrocyclic antibiotic, which, like the rifa-
mycins, blocks bacterial gene transcription by inhibiting
RNA polymerase (Artsimovitch 2012). This mechanism of
action prevents C. difficile from forming spores by inhib-
iting the transcription of sporulation genes (Babakhani
2012). Furthermore, fidaxomicin can prevent the outgrowth
of vegetative C. difficile by attaching to the exosporium
layer of the spore (Basséres 2021; Chilton 2016). These
characteristics, together with its narrow spectrum of activ-
ity, makes fidaxomicin an ideal antibiotic for preventing
recurrence.

Effect on the Gut Microbiome

Although fidaxomicin is considered a narrow-spectrum
antibiotic, it still has activity against several bacteria
that colonize the human gut, especially given the high
concentrations achievedthere (see Table 5). Specifically, fidax-
omicin is potent against Clostridium perfringens (MIC,,0.0625
mcg/mL), but less potent against other Clostridium spp., such
as C. innocuum (MIC,; 256 mcg/mL) and C. ramosum (MIC,,
greater than 512 mcg/mL) (Goldstein 2013). Fidaxomicin also
has potent activity against Bifidobacterium spp. (MIC,,0.125
mcg/mL). However, MIC,, values for other bacteria asso-
ciated with a healthy gut microbiome, such as Bacteroides
spp., Lactobacillus spp., and Prevotella spp. are greater than
512 mcg/mL. A microbiome analysis of patients enrolled
in the phase 2 trial for fidaxomicin confirmed these in vitro
findings: concentrations of Bacteroides spp., Clostridium coc-
coides group, Clostridium leptum group, Lactobacillus spp., and
Prevotella spp. remained stable from days 0-10 of treatment
with fidaxomicin (Louie 2012). Of interest, Bifidobacterium
spp. levels appeared to remain stable as well, despite the
potent activity of fidaxomicin against these bacteria. The fact
that fidaxomicin does not further disrupt the gut microbiome
is appealing and likely contributes to the lower rates of CDI
recurrence observed in patients treated with fidaxomicin ver-
sus vancomycin.
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Efficacy

To date, four phase 3 RCTs have been conducted comparing
fidaxomicin to vancomycin for the treatment of CDI (Guery
2018; Mikamo 2018; Cornely 2012; Louie 2017). In two of these
clinical trials, the primary efficacy end point was clinical cure,
defined as the resolution of symptoms without the need for
additional CDI therapy (Cornely 2012; Louie 2011). In the other
two trials, the primary efficacy end point was sustained clin-
ical response, defined as clinical cure without recurrence in
the month after treatment (Guery 2018; Mikamo 2018). Three
of the four studies were designed as double-blinded noninfe-
riority trials with a 10% noninferiority margin (Cornely 2012;
Louie 2011; Mikamo 2018), and the other was an open-label
superiority trial (Guery 2018). The latter study, named the
EXTEND trial, also used an extended-pulsed fidaxomicin dos-
ing regimen (Guery 2018). While the same total dose (4000
mg) is administered over the course of therapy, the extend-
ed-pulsed regimen includes fidaxomicin 200 mg twice daily
on days 1-5, followed by 200 mg every other day on days
7-25. Notable secondary outcomes consistent across stud-
ies were time to resolution of diarrhea and CDI recurrence.
Rates of clinical cure, CDI recurrence, and sustained clinical
response observed in the modified intention-to-treat popu-
lations of clinical trials for fidaxomicin and vancomycin are
shown in Figure 1.

Patients treated with fidaxomicin experience clinical cure
rates of 80.2%—88.2%, which are similar to those seen in
patients treated with vancomycin. However, of the propor-
tion of patients who experience sustained clinical response
ranges from 67.3% to 76.6% and was significantly higher
than those seen in patients treated with vancomycin in three
of the four clinical trials (Guery 2018; Cornely 2012; Louie
2011). In the trial by Mikamo et al., the rCDI rate in the fidax-
omicin group was numerically higher (19.5%) than observed
in the other three clinical trials, which affected the rate of
sustained clinical response and lack of difference between
fidaxomicin and vancomycin (Mikamo 2018). When consid-
ering only the rCDI rate, the absolute difference between
patients treated with fidaxomicin and vancomycin ranged
from 5.8% to 14.2%, which correlates to an NNT of 8-18
patients treated with fidaxomicin to prevent one recurrence
(see Figure 1).

Given the concern about differential clinical cure rates in
those with severe disease treated with metronidazole versus
vancomycin, three of the trials stratified their clinical cure
analysis by severity, although different definitions of “severe”
were used (Guery 2018; Cornely 2012; Louie 2011). Although
the rates of clinical cure were generally lower in patients with
severe CDI regardless of treatment, this difference was not
significant between patients treated with fidaxomicin ver-
sus vancomycin. Not surprisingly, patients with fulminant
CDI, defined by hypotension, shock, ileus, or megacolon, were
excluded from all four clinical trials (Guery 2018; Mikamo
2018; Cornely 2012; Louie 2011).

Clostridioides difficile Infection Epidemiology
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Figure 1. Rates of clinical cure, rCDI, and sustained clinical response among patients who received fidaxomicin or

vancomycin in four clinical trials.

2Statistically significant finding (p<0.05).

CC = clinical cure; rCDI = recurrent Clostridioides difficile infection; SCR = sustained clinical response.

Information from: Louie TJ, Miller MA, Mullane KM, et al., Fidaxomicin versus vancomycin for Clostridium difficile infection. N Engl J
Med 2011;364:422-31; Cornely OA, Crook DW, Esposito R, et al. Fidaxomicin versus vancomycin for infection with Clostridium difficile
in Europe, Canada, and the USA: a double-blind, non-inferiority, randomised controlled trial. Lancet Infect Dis 2012;12:281-9; Guery
B, Menichetti F, Anttila VJ, et al. Extended-pulsed fidaxomicin versus vancomycin for Clostridium difficile infection in patients 60
years and older (EXTEND): a randomised, controlled, open-label, phase 3b/4 trial. Lancet Infect Dis 2018;18:296-307; Mikamo H,
Tateda K, Yanagihara K, et al. Efficacy and safety of fidaxomicin for the treatment of Clostridioides (Clostridium) difficile infection in a
randomized, double-blind, comparative phase Il study in Japan. J Infect Chemother 2018;24:744-52.

In a single-center case series, 20 patients were treated
with fidaxomicin while in the ICU (Penziner 2015). Only
8 patients (40%) had fulminant CDI, and all 20 patients
received vancomycin plus metronidazole initially before
transitioning to a fidaxomicin-based salvage therapy. Of
the 8 patients fulminant CDI, 3 (38%) responded to fidaxomi-
cin therapy. These data support the use of fidaxomicin for
the treatment of severe CDI; however, more data are needed
before fidaxomicin can be recommended for the treatment
of fulminant CDI.

Two fidaxomicin clinical trials also stratified their anal-
yses by the number of CDI episodes in the past 3 months
(Cornely 2012; Louie 2011). Both trials included patients with
either no or 1 episode of CDI in the past 3 months; however,
more patients were enrolled with primary CDI (82.9%—85.1%)
than with rCDI (14.9%-17.1%). Comparison of the rates of rCDI
between fidaxomicin and vancomycin in these subgroups
show the rate of rCDI was only significantly different in those
with primary CDI (Figure 2). However, both studies were
underpowered to detect a difference in the small subgroup
of patients with rCDI, and the magnitude of reduction in rCDI
rates was actually higher in patients being treated for rCDI
(Cornely 2012; Louie 2011). Patients with up to 2 CDI episodes
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in the 3 months before randomization were included in the
study by Guery et al; however, only 5.6% of such patients were
enrolled (Guery 2018). These results demonstrate the effec-
tiveness of fidaxomicin in patients with primary CDI or one
recurrence in the past 3 months. Unfortunately, in clinical
practice, fidaxomicin is often reserved for patient populations
with several episodes of rCDI for whom the data demonstrat-
ing benefit are limited.

In the only RCT conducted in children with CDI, the
SUNSHINE trial, clinical cure rates were compared in neo-
nates and children up to age 18 who received fidaxomicin
(98 patients) or vancomycin (44 patients) (Wolf 2020). The
rates of clinical cure were 77.6% with fidaxomicin and 70.5%
with vancomycin (adjusted treatment difference, 7.5%; 95%
Cl, =7.4% to 23.9%). Furthermore, the rate of sustained clin-
ical response was 68.4% with fidaxomicin and 50.0% with
vancomycin (adjusted treatment difference, 18.8%; 95% Cl,
1.5%—35.3%). This trial led to the FDA approval of fidaxomi-
cin for the treatment of CDI in children aged 6 months and
older in January 2020. Although these data have not been
incorporated into the IDSA/SHEA or ACG guidelines, they
are likely to affect clinical practice and future guideline
recommendations.

Clostridioides difficile Infection Epidemiology
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CDI = Clostridium difficile infection; rCDI = recurrent C. difficile
infection.

Information from: Louie TJ, Miller MA, Mullane KM, et al.,
Fidaxomicin versus vancomycin for Clostridium difficile
infection. N Engl J Med 2011;364:422-31; Cornely OA, Crook
DW, Esposito R, et al. Fidaxomicin versus vancomycin for
infection with Clostridium difficile in Europe, Canada, and
the USA: a double-blind, non-inferiority, randomised
controlled trial. Lancet Infect Dis 2012;12:281-9.

Safety

Because fidaxomicin is minimally absorbed, systemic
adverse effects are uncommon (Guery 2018; Louie 2011).
Adverse events reported in clinical trials that were considered
possibly or probably related to fidaxomicin were mild, includ-
ing nausea, vomiting, diarrhea, and abdominal pain; occurred
in 7.7%—11.7% of patients, and occurred at similar rates to
those observed in patients treated with vancomycin (Guery
2018; Mikamo 2018; Cornely 2012; Louie 2011). Of the 836
patients randomized to receive fidaxomicin across four clin-
ical trials, only 36 (4.3%) of patients discontinued the study
drug because of adverse events.

Similar rates were observed in children. Adverse events
that were considered possibly or probably related to fidax-
omicin occurred in 7.1% of patients compared with 11.4%
of patients treated with vancomycin (Wolf 2020). Only one
adverse event (i.e., moderate colitis) led to fidaxomicin dis-
continuation. Considered together, these data demonstrate
the safety of fidaxomicin in adults and children with CDI.
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Vancomyecin

Vancomycin was first drug to receive FDA approval for the
treatment of staphylococcal enterocolitis as an oral solution
in 1972 (FDA 2018). In 1978, the first case series describing
the use of vancomycin for CDI in 9 patients was published in
The Lancet (Tedesco 1978). Notably, the vancomycin regimen
used in that study was 500 mg four times daily for 7 days.
Later that year, the first randomized placebo-controlled trial
for the treatment of CDI was published (Keighley 1978). The
investigators of this RCT (16 patients) performed a prelim-
inary dose-finding PK/PD investigation in and determined
that a vancomycin dose of 125 mg four times daily was ade-
quate from a PD standpoint. Of the 9 patients treated with
vancomycin, 7 (77.8%) experienced clinical cure, defined
as normal stool frequency and consistency, compared with
1 (14.3%) of the 7 patients in the placebo group. In an RCT
5 years later, vancomycin 500 mg four times daily for 10
days was compared with metronidazole (Teasley 1983). In
this trial, the primary outcome was clinical cure, defined
as improvement of diarrhea by day 6 of treatment without
relapse of symptoms in the 21 days after the end of therapy.
Notably, this definition is similar to the definition of sus-
tained clinical response in contemporary clinical trials. This
outcome occurred in 86.5% and 88.1% of patients treated
with vancomycin and metronidazole, respectively. Based
on these studies, the FDA approved a capsule formulation
in 1986 (FDA 2018). The oral solution was eventually with-
drawn from the market but again received FDA approval in
2018, according to the package insert.

Mechanism of Action

Vancomycin is a glycopeptide antibiotic that inhibits bacterial
cell wall synthesis by irreversibly binding to the D-alanyl-D-
alanine residues of a peptidoglycan precursor (Sinha 1968).
Based on this mechanism, activity against C. difficile spores
would not be expected; this assumption has since been
confirmed (Babakhani 2012). Whereas vancomycin can be
administered intravenously to treat other infections, intrave-
nous vancomycin cannot be used to treat CDI because it does
not adequately concentrate in the colon (Tedesco 1978).

Effect on the Gut Microbiome

Given the high concentrations attained in the gut (see Table 5),
vancomycinis potent against many bacteria found in a healthy
human gut, including gram-negative bacteria (Goldstein
2013). For relevant gram-positive bacteria, MIC,, values for
Clostridium spp. range from 1 to 16 mcg/mL whereas the
MIC,, for Bifidobacterium spp. is 1 mcg/mL. Vancomycin is rel-
atively less potent against gram-negative bacteria, but MIC,,
values are lower than those for fidaxomicin. Fecal concentra-
tions of vancomycin increase in a dose-dependent manner;
thus one may hypothesize that higher doses have a greater
effect on the gut microbiome (Gonzales 2010). However, this
hypothesis has never been tested.
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Detrimental microbiome effects caused by vancomycin
have been documented in healthy volunteers as well as in
those with established dysbiosis caused by CDI and/or antibi-
otic use (Garey 2020; Thorpe 2018; Louie 2012; Edlund 1997).
In general, treatment with vancomycin 125 mg four times daily
for 10 days leads to significant decreases in Bacteroides spp.,
nonpathogenic Clostridium spp. (C. leptum and C. coccoides),
and Prevotella spp. and increases in Enterobacteriaceae.
These microbiome changes may help explain the higher rate
of CDI recurrence in patients treated with vancomycin com-
pared with more narrow-spectrum agents.

Efficacy

As the long-standing standard of care, vancomycin has been
compared with either metronidazole or fidaxomicin in eight
RCTs (Guery 2018; Mikamo 2018; Johnson 2014; Cornely
2012; Louie 2011; Zar 2007; Wenisch 1996; Teasley 1983).
Vancomycin and fidaxomicin were discussed previously;
this section focuses on the comparison of vancomycin and
metronidazole.

Early studies comparing vancomycin and metronidazole
revealed similar rates of clinical cure (Figure 3) (Wenisch
1996; Teasley 1983). However, contemporary clinical trials
documented significantly lower rates of clinical cure among
patients treated with metronidazole, especially in those with
severe CDI (Johnson 2014; Zar 2007). A recent retrospective
study revealed lower rates of clinical cure among patients
who were infected with a C. difficile strain with a metroni-
dazole MIC of 1 mcg/mL or greater (Gonzales-Luna 2021).
Because metronidazole already has disadvantageous PK/PD
(see Table 5), it is plausible that a changing epidemiology may
have contributed to this observation.

In contrast, rCDI rates after vancomycin and metronidazole
treatment have been consistently similar over the years (see
Figure 3) (Johnson 2014; Zar 2007; Wenisch 1996; Teasley
1983). It is worth noting that although none of the between-
group differences were statistically significant, these studies
were not powered to detect differences in the rate of rCDI.

Although guidelines recommend a tapered and pulsed van-
comycin regimen for patients with multiply rCDI, there are few

100

93.5

Percentage of Patients

vancomycin
CcC
m Teasley, 1983 m® Wenisch, 1996

metronidazole

Zar, 2007

metronidazole

vancomycin

rCDI
Johnson, 2014

trials.

aSatistically significant finding (p<0.05).
CC = clinical cure; rCDI = recurrent C. difficile infection.

Figure 3. Rates of clinical cure and rCDI among patients who received vancomycin or metronidazole in four clinical

Information from: Teasley DG, Gerding DN, Olson MM, et al. Prospective randomised trial of metronidazole versus vancomycin for
Clostridium difficile-associated diarrhoea and colitis. Lancet 1983;2:1043-6; Wenisch C, Parschalk B, Hasenhiindl M, et al.
Comparison of vancomycin, teicoplanin, metronidazole, and fusidic acid for the treatment of Clostridium difficile-associated
diarrhea. Clin Infect Dis 1996;22:813-8; Zar FA, Bakkanagari SR, Moorthi KM, et al. A comparison of vancomycin and metronidazole
for the treatment of Clostridium difficile-associated diarrhea, stratified by disease severity. Clin Infect Dis 2007;45:302-7; Johnson S,
Louie TJ, Gerding DN, et al. Vancomycin, metronidazole, or tolevamer for Clostridium difficile infection: results from two
multinational, randomized, controlled trials. Clin Infect Dis 2014;59:345-54.
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published data describing the efficacy of this strategy (Kelly
2021; McDonald 2018). The data supporting this practice are
limited to one open-label RCT, two case series, and a post hoc
analysis of a RCT (McFarland 2002; Hota 2017; Sirbu 2017
Tedesco 1985). The dosing regimens used in these studies
were heterogenous, and there was no comparison between
tapered and pulsed vancomycin versus the standard of care,
which was vancomycin 125 mg four times daily or fidaxomi-
cin 200 mg twice daily. The IDSA/SHEA guideline provides
some direction regarding a tapered and pulsed vancomycin
regimen: 125 mg four times daily for 10-14 days, followed by
125 mg twice daily for 7 days, followed by 125 mg once daily
for 7 days, followed by 125 mg every 2-3 days for 2—8 weeks
(McDonald 2018). Clearly, there is a need for additional stud-
ies comparing a tapered and pulsed vancomycin regimen to
the present-day standard of care.

Despite  evidence from 1978 that low-dose
vancomycin (125 mg/dose) was adequate from a PK/PD per-
spective,earlyclinicaltrialsstudiedhigh-dosevancomycin(500
mg/dose) (Wenisch 1996; Teasley 1983; Keighley 1978).
One RCT compared vancomycin 125 mg four times daily (24
patients) to vancomycin 500 mg four times daily (22 patients),
which found similar between-group rates of clinical cure
(87.5% vs. 95.4%) and CDI recurrence (20.8% vs. 18.9%) for
the low- and high-dose groups, respectively (Fekety 1989).
An observational study compared outcomes in patients with
severe CDI who received vancomycin 125 mg four times daily
(25 patients) versus vancomycin doses 500 mg/day or more
(53 patients) (Lam 2013). The investigators concluded that
the rates of clinical cure (64.0% vs. 60.4%) and CDI recurrence
(12.0% vs. 1.9%) were similar between the low- and high-dose
groups, respectively. Lastly, a prospective trial of 15 patients
investigated the effect of vancomycin fecal concentration on
clinical cure and did not find any association (Thabit 2015).
Taken together, these studies did not demonstrate a need for
high-dose vancomycin in a general CDI population. lleus may
prevent or slow the transit of oral medications within the gut,
whereas a higher stool frequency may reduce the contact
time of vancomycin in the colon (Gonzales 2010). Therefore,
critically ill patients, particularly those with ileus or profuse
diarrhea, may benefit from a higher dose of vancomycin.
Unfortunately, all three studies excluded patients with fulmi-
nant CDI, so future studies are needed to determine the role of
high-dose vancomycin in these patients.

Local administration of vancomycin by a retention enema
is recommended in patients with ileus (Kelly 2021; McDonald
2017). Literature describing the dosing and administration
of rectal vancomycin is heterogenous, but the most com-
monly reported dose is 1000 mg vancomycin in 500-mL saline
given every 6 hours (Akamine 2016; Malamood 2015; Saffouri
2014; Kim 2013; Apisarnthanarak 2002; Olson 1994). Current
guidelines recommend 500 mg vancomycin in 100 mL saline
given every 6 hours (Kelly 2021; McDonald 2017). In the
only matched cohort study (72 patients) investigating the
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effectiveness of rectal vancomycin, rates of mortality (16.7%
vs. 16.7%) and colectomy (45.5% vs. 41.7%) did not differ
between patients were treated with rectal vancomycin versus
those who were not treated with rectal vancomycin, respec-
tively (Malamood 2015). Notably, only 55.6% of the sample had
fulminant CDI, and the proportion of patients with ileus was
not mentioned. Furthermore, only 65.2% of patients received
concomitant intravenous metronidazole, no patients received
high-dose vancomycin, and the doses of rectal vancomycin
used ranged from 125 to 250 mg in 100 mL of tap water given
every 6 hours. Because CDI can affect any part of the colon,
it is important for rectally administered vancomycin to reach
all parts of the organ. Unfortunately, medication instilled by
enema tends to be contained to the descending (left) colon
and may not reach the transverse or ascending (right) colon
(van Bodegraven 1996). It is possible to perform colonoscopy
and place a colonic catheter or fenestrated tube for intraco-
lonic vancomycin administration, but this procedure requires
sedation and carries a risk for colon perforation (Shetler
2001; Pasic 1993). Similar to the support for vancomycin dos-
ing in fulminant CDI, the data are lacking to support rectal
vancomycin for use in patients with ileus; however, given the
urgency of fulminant CDI it is reasonable to continue these
practices to ensure adequate vancomycin concentrations at
the site of infection.

All clinical trials to date comparing vancomycin and met-
ronidazole have only included adults (Johnson 2014; Zar
2007; Wenisch 1996; Teasley 1983). However, several obser-
vational studies have reported clinical outcomes in children
who received either vancomycin or metronidazole (Yin 2019;
Khanna 2013). The first observational study, which included
children with nonsevere (80 patients) or severe (12 patients)
CDI, reported clinical cure and rCDI rates of 100% and 82.4%
and 0.0% and 21.3% in those who received vancomycin and
metronidazole, respectively (Khanna 2013). Although out-
comes appeared to numerically favor vancomycin, neither
difference was deemed statistically significant. In a more
recent study published since the release of the 2017 IDSA/
SHEA CDI guideline (192 patients), outcomes were compared
in patients aged 2-18 years with nonsevere CDI who received
either vancomycin or metronidazole (Yin 2019). The inves-
tigators used an inverse probability of treatment-weighted
propensity-score analysis. Children who received metronida-
zole were significantly less likely to experience clinical cure
compared with those who received vancomycin (OR 0.40; 95%
Cl, 0.17-0.97). These results suggest that children, including
those with nonsevere CDI, should be treated with vancomycin
over metronidazole.

Safety

Similar to fidaxomicin, vancomycin is minimally absorbed
after oral administration (Pettit 2015). However, certain
patient and treatment characteristics, such as higher vanco-
mycin doses (greater than 500 mg/day), concomitant rectal
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vancomycin, kidney dysfunction (creatinine clearance 50
mL/minute or less), and underlying GI comorbidities, includ-
ing inflammatory bowel disease or graft versus host disease,
are associated with vancomycin accumulation. In clinical tri-
als, adverse events in patients treated with vancomycin were
uncommon, and when they did occur were typically mild,
including nausea, vomiting, and diarrhea (Johnson 2014;
Louie 2011; Zar 2007; Wenisch 1996; Teasley 1983). Adverse
events possibly or probably related to vancomycin occurred
in 4.9% to 31.2% of patients. Furthermore, adverse events that
led to discontinuation occurred in 0.9% to 6.2% of patients.

Similar rates were observed in children. Adverse events
that were considered possibly or probably related to vanco-
mycin occurred in 11.4% of patients (Wolf 2020). Only one
adverse event led to vancomycin discontinuation, which was
severe vomiting. Considered together, these data highlight
the excellent safety profile of oral vancomycin in adults and
children with CDI.

Metronidazole

Metronidazole has long been used as a cheaper alternative to
vancomycin to treat CDI; however, it has never received FDA
approval for this indication (Matuchansky 1978). Metronidazole
has been compared with vancomycin in four clinical trials
(Johnson 2014; Zar 2007; Wenisch 1996; Teasley 1983).

Mechanism of Action

Metronidazole is a nitroimidazole antibiotic prodrug that is
directly toxic to anaerobic bacterial DNA by three steps: 1)
passive diffusion into the cell, 2) reductive activation by intra-
cellular pyruvate/ferredoxin oxidoreductases, leading to
the formation of cytotoxic free radicals, and 3) free radical
interaction with host cell DNA and subsequent DNA strand
breakage and cell death (Edwards 1993).

Effect on the Gut Microbiome

Metronidazole is selectively active against anaerobic bacte-
ria because aerobic bacteria lack the intracellular proteins
needed to activate the drug. This characteristic makes met-
ronidazole far more broad-spectrum than fidaxomicin and
vancomycin. Except for Lactobacillus spp. (MIC,, greater
than 512 mcg/mL) and Bifidobacterium spp. (MIC,, 128
mcg/mL), metronidazole is potent against almost all
gram-positive and gram-negative anaerobic species (MIC
4 mcg/mL or less) found in a healthy human gut (Goldstein
2013). The ability of metronidazole to kill commensal gut
bacteria likely contributes to its relatively high rates of CDI
recurrence (13.6%—23.0%) in contemporary clinical trials (see
Figure 3).

Efficacy

Metronidazole monotherapy has demonstrated inferior rates
of clinical cure compared with vancomycin in RCTs (Johnson
2014; Zar 2007) (see Figure 3). The difference in the rate of
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clinical cure was statistically significant in the subgroup of
patients with severe CDI but not for those with nonsevere CDI.
However, neither study was powered to detect a difference
in clinical cure rate based on severity. Two recent observa-
tional studies performed in military veteran populations have
suggested continued use of metronidazole for nonsevere
CDI may be justified given similar rates of 30-day all-cause
mortality and CDI recurrence in patients who received met-
ronidazole or vancomycin (Appaneal 2018; Stevens 2017).
However, rates of rCDI have been consistently similar between
metronidazole and vancomycin (see Figure 3), and neither
study was powered to detect small absolute differences in
mortality. Furthermore, differential rates in clinical cure (see
Figure 4) were used to inform recent guideline recommenda-
tions to avoid metronidazole (McDonald 2018), which were
not assessed in either observational study. Another recent
observational study demonstrated an association between a
metronidazole MIC 1 mcg/mL or greater and lower rates of
clinical cure, indicating a potential role for susceptibility test-
ing in selecting patients who may benefit from metronidazole
(Gonzales-Luna 2021).

Although the recommendations surrounding metroni-
dazole monotherapy differ between guidelines, the use of
intravenous metronidazole in combination with vancomy-
cin for fulminant CDI is still recommended by both the IDSA/
SHEA and the ACG (see Table 3) (Kelly 2021; McDonald 2018).
The benefit of this combination has been investigated in three
retrospective cohort studies, and results are mixed (Vega
2020; Wang 2020; Rokas 2015). The first was a single-center
study of 88 patients who received a diagnosis of CDI in the
ICU, for whom the investigators observed a lower rate of all-
cause inpatient mortality in those who received combination
therapy with intravenous metronidazole plus vancomycin ver-
sus those who received vancomycin monotherapy (15.9% vs.
36.4%; p=0.03) (Rokas 2015). Notably, patients were matched
1:1 according to their Acute Physiology and Chronic Health
Evaluation (APACHE) Il scores. Since then, two additional
studies with contrasting results have been published. One
was a single center study of 138 patients who received a
diagnosis of CDI in the ICU that included a subgroup anal-
ysis of patients matched by APACHE Il score (Vega 2020).
Investigators did not observe a difference in all-cause 30-day
mortality (18.3% intravenous metronidazole plus vancomycin
vs. 12.8% vancomycin monotherapy; p=0.37). The results of
the matched subgroup analysis were consistent with those of
the primary analysis. In a two-center study of 2114 patients,
including 905 (43%) patients who received a diagnosis of CDI
in the ICU, a significantly higher rate of mortality or colec-
tomy within 90 days of CDI diagnosis was found in patients
who received combination therapy with intravenous metroni-
dazole plus vancomycin (27.6%) versus those who received
vancomycin monotherapy (18.0%) (p<0.01) (Wang 2020).
However, after adjusting for confounders, no association
was observed between combination therapy and mortality or
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Figure 4. Rate of clinical cure among patients who received metronidazole or vancomycin stratified by CDI severity.

Information from: Zar FA, Bakkanagari SR, Moorthi KM, et al. A comparison of vancomycin and metronidazole for the treatment of
Clostridium difficile-associated diarrhea, stratified by disease severity. Clin Infect Dis 2007;45:302-7; Johnson S, Louie TJ, Gerding
DN, et al. Vancomycin, metronidazole, or tolevamer for Clostridium difficile infection: results from two multinational, randomized,

colectomy (OR 1.07; 95% Cl, 0.79-1.45). A subgroup analysis
of patients with fulminant CDI (n=526) demonstrated results
consistent with the primary analysis. Notably, only between
2%—6% of patients in these studies had a documented ileus,
which is the patient population most likely to benefit from
the addition of intravenous metronidazole (Vega 2020; Wang
2020; Rokas 2015). Considered together, these results sug-
gest that intravenous metronidazole should continue to be
added in patients with confirmed or suspected ileus, but
high-quality data are lacking supporting its benefit in all criti-
cally ill patients with fulminant CDI.

Safety

Unlike fidaxomicin and vancomycin, metronidazole is readily
absorbed and thus has a higher likelihood of causing sys-
temic adverse events. In one clinical trial for CDI, adverse
events that were considered possibly or probably related
to metronidazole occurred in 35.3% of patients (Johnson
2014). In addition, significantly more patients receiving
metronidazole than vancomycin (6.3% vs. 2.7%; p=0.04) dis-
continued metronidazole therapy because of an adverse
event. In another clinical trial, only one patient discontinued
metronidazole because of vomiting (Zar 2007). Other nota-
ble adverse events associated with metronidazole, although
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not observed in clinical trials for CDI, include a disulfiram-like
reaction when administered with alcohol and peripheral neu-
ropathy after high cumulative doses and/or longer durations
(Mergenhagen 2020; Goolsby 2018).

Adjunctive Management: Bezlotoxumab
Bezlotoxumab received FDA approval in 2016 and is the most
recently approved medication used in the management of
CDI, according to the package insert. It is administered as a
single dose of 10 mg/kg (actual body weight) over 1 hour in
conjunction with fidaxomicin or vancomycin as the standard-
of-care antibiotics.

Mechanism of Action

Bezlotoxumab is a fully human monoclonal antibody that
neutralizes C. difficile toxin B by binding to it and preventing it
from binding to target host cells (Orth 2014; Babcock 2006).

Effect on the Gut Microbiome

Because bezlotoxumab is not an antibiotic, it has no direct
effect on the gut microbiome. However, because bezlotox-
umab only has FDA approval to reduce the rate of rCDI in
conjunction with standard-of-care antibiotics, the gut micro-
biome will be affected by those antibiotics.

Clostridioides difficile Infection Epidemiology



Efficacy

Bezlotoxumab was studied as an adjunct to standard-of-care
antibiotics (metronidazole, vancomycin, or fidaxomicin) ver-
sus standard-of-care antibiotics plus placebo in adults with
CDI (Wilcox 2017). Of the 2559 patients in two phase 3 clinical
trials, MODIFY I/1l, 46.7%, 47.7%, and 3.6% were treated with
metronidazole, vancomycin, and fidaxomicin, respectively.
Because randomization was stratified by treatment antibi-
otic, the use of metronidazole, vancomycin, and fidaxomicin
was balanced between groups. The primary outcome for
these trials was CDI recurrence during 12 weeks of follow-up,
which was 16.5% and 26.6% in the bezlotoxumab and placebo
groups, respectively (p<0.0001) corresponding to a NNT of 10
to prevent one recurrence. Differences in the absolute rate of
recurrence between bezlotoxumab and placebo were similar
in those who received metronidazole, vancomycin, or fidaxo-
micin (-8.0%, —12.6%, and —6.9%, respectively), although the
reduction was not significant in the small patient subgroup
who received fidaxomicin. Clinical cure was chosen as an
exploratory end point, and rates did not differ between groups
(80.0% with bezlotoxumab vs. 80.3% with placebo).

Several post hoc analyses of the bezlotoxumab MODIFY I/
Il trials have been published. Because toxins are required for
the pathogenesis of CDI, neutralization of toxin B by bezlotox-
umab has been hypothesized to hasten diarrheal resolution
and improve rates of clinical cure. However, clinical cure rates
did not differ between patients who received bezlotoxumab
and placebo in the phase 3 clinical trials (Wilcox 2017).

A second post hoc analysis sought to assess the impact
of bezlotoxumab administration timing relative to the initi-
ation of antibiotic therapy (Birch 2018). In phase 3 clinical
trials, bezlotoxumab was administered between 1 day before
the start of antibiotic therapy and day 14 of antibiotic therapy,
with a median of day 3 of antibiotic therapy (Wilcox 2017).
Specifically, 41.8%, 30.1%, and 28.1% of patients received
bezlotoxumab 0-2, 3—-4, and 5 or more days after the onset
of antibiotic therapy. The post hoc analysis concluded that
rates of clinical cure and the time to resolution of diarrhea did
not differ between groups in any patient subgroups. In addi-
tion, patients who received bezlotoxumab experienced lower
rates of recurrence regardless of bezlotoxumab timing (Birch
2018). These data suggest that bezlotoxumab can be admin-
istered at any point during antibiotic therapy for CDI.

Another post hoc analysis investigated the rates of CDI
recurrence in subgroups of patients with prespecified risk
factors for recurrence: age 65 years or older, history of CDI
in the previous 6 months, immunocompromise, severe CDI
according to the Zar score, and infection with ribotype 027,
078, or 244 (Gerding 2018; Zar 2007). Only 27.5% of patients
enrolled in the phase 3 clinical trials had a history of at least
one CDI episode in the previous 6 months (Wilcox 2017). Of
1554 patients, 379 (24.4%) randomized to either bezlotox-
umab or placebo had no risk factors for recurrence, whereas
the remaining 1175 (75.6%) had at least one risk factor for
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recurrence (Gerding 2018). Of those with no risk factors,
the rates of recurrence in the bezlotoxumab versus placebo
group did not differ (18.8% vs. 20.9%, respectively). However,
the recurrence rates were significantly lower in the subset of
patients with at least one risk factor (21.2% vs. 37.2% in the
bezlotoxumab vs. placebo group, respectively). The absolute
reduction in CDI recurrence rate because of bezlotoxumab
increased with the number of risk factors, as follows —14.2%,
—14.2%, —24.8% in patients with one, two, and three or more
risk factors. These data suggest that bezlotoxumab should
be reserved for those patients who are 65 years or older, have
a history of CDI in the previous 6 months, are immunocompro-
mised, have severe CDI, or are infected with ribotype 027, 078,
or 244 (see Table 3).

Safety

Adverse events reported in clinical trials that were considered
possibly or probably related to bezlotoxumab were mild (e.qg.,
nausea, headache, dizziness, pyrexia), occurred in 7.5% of
patients randomized to bezlotoxumab, and occurred at rates
similar to those observed in the placebo group (5.9%) (Wilcox
2017). Of the 781 patients randomized to receive bezlotox-
umab, only 1 patient discontinued the study drug because of
an infusion-related reaction.

Although these data have not been published, the pack-
age insert for bezlotoxumab provides adverse events and
mortality rates for patients with underlying congestive heart
failure who received bezlotoxumab (118 patients) versus pla-
cebo (104 patients). A serious adverse event categorized as
heart failure occurred in 15 patients (12.7%) receiving bezlo-
toxumab versus 5 patients (4.8%) receiving placebo, and the
mortality rate was 19.5% (23 patients) with bezlotoxumab
versus 12.5% (13 patients) with placebo, according to the
package insert. Although there is no mechanistic explana-
tion for this observation, the risks of bezlotoxumab should be
considered before prescribing it to patients with underlying
congestive heart failure.

Treatment

Rifaximin

Rifaximin is a synthetic derivative of rifamycin that first
received FDA approval in 2004 and is currently indicated for
the treatment of traveler's diarrhea, the treatment of irritable
bowel syndrome with diarrhea, and the prevention of hepatic
encephalopathy recurrence, according to the package insert.
Although rifaximin has never been approved for the treatment

of CDI, it has been included in CDI treatment guidelines since
2010 (Cohen 2010).

Mechanism of Action

Like its parent compound, rifamycin, and similar to fidaxomi-
cin, rifaximin blocks bacterial gene transcription by inhibiting
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Patient Care Scenario

A 67-year-old man presents to the hospital with acute kid-
ney injury and profuse watery diarrhea. He reports having
about 15 bowel movements in the past 24 hours. He also
says that he has never had CDI before. A basic metabolic
panel and CBC were obtained and revealed a SCr of 2.2

ANSWER

This patient seems to be experiencing pre-renal acute kid-
ney injury cause by dehydration secondary to his profuse
diarrhea. Although antibiotic therapy is important, this
patient will also benefit from fluid resuscitation. Because
this presentation is his first episode of CDI and his SCr
is 1.5 mg/dL or greater, this infection would be classified
as primary and severe CDI. Per the IDSA/SHEA and ACG
guidelines, this patient would qualify for either vancomy-
cin 125 mg four times per day or fidaxomicin 200 mg twice
daily for 10 days. The benefit of fidaxomicin is a reduced
risk of CDI recurrence. This patient may also benefit from
the monoclonal antibody, bezlotoxumab, administered as

mg/dL and a WBC of 12.5 x 10%cells/mm?3. In addition, a C.
difficile enzyme immunoassay is ordered, which returns
positive. Which antibiotic and nonantibiotic therapies
should be considered for this patient?

a one-time dose of 10 mg/kg because he has two risk fac-
tors for CDI recurrence—age 65 years or older and severe
CDI. It is worth noting that only 3.6% of patients enrolled
in the phase 3 clinical trials for bezlotoxumab received
fidaxomicin, so the added benefit of bezlotoxumab in
patients treated with fidaxomicin is unknown. The two
best options are either fidaxomicin 200 mg twice daily
for 10 days or vancomycin 125 mg four times per day for
10 days plus bezlotoxumab 10 mg/kg administered intra-
venously once at some point between now and day 10 of
vancomycin therapy.

1. Johnson S, Lavergne V, Skinner AM, et al. Clinical practice guideline by the Infectious Diseases Society of America (IDSA) and Society
for Healthcare Epidemiology of America (SHEA): 2021 focused update guidelines on management of Clostridioides difficile infection in

adults. Clin Infect Dis 2021;73:e1029-44.
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RNA polymerase (Scarpignato 2005). Unlike fidaxomicin,
however, rifaximin does not inhibit C. difficile spore formation
(Babakhani 2012).

Effect on the Gut Microbiome

Because rifaximin is not absorbed in the gut, it maintains
extremely high concentrations in feces (7961 mcg/g), which
allows it to kill many anaerobic bacteria present in the human
gut microbiome. For example, rifaximin is potent against
certain Clostridium spp., such as C. difficile (MIC,, 0.25
mcg/mL), whereas it is much less potent against others such
as C. innocuum and C. orbiscindens (MIC,; values greater than
1024 mcg/mL) (Finegold 2009). It is also potent against gram-
negative anaerobes such as Bacteroides spp. (MIC,; 1 mcg/mL)
and Prevotella spp. (MIC,; 0.5 mcg/mL). These data reveal
that rifaximin attains much higher fecal concentrations than
those obtained with fidaxomicin or vancomycin (see Table 1)
and is more potent against gram-negative anaerobic bacte-
ria—two characteristics with potential to cause further gut
dysbiosis and rCDI.

Efficacy
Treatment with rifaximin for CDI was first mentioned in the
2010 IDSA/SHEA CDI guideline after a small case series was
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published (Johnson 2007). However, a formal recommenda-
tion was not made until the 2017 IDSA/SHEA CDI guideline
after new evidence from a RCT (McDonald 2018; Garey 2011).
In this RCT, 68 patients were randomized to receive rifax-
imin 400 mg or placebo three times daily for 20 days after
standard treatment courses of either metronidazole or vanco-
mycin for 10-14 days (Garey 2011). During 90-day follow-up,
rCDI occurred in 15.2% and 31.4% of patients in the rifaximin
and placebo groups, respectively (p=0.11). A second RCT was
recently performed in which 151 patients received rifaximin
400 mg or placebo three times a day for 14 days, then 200 mg
three times a day for 14 days after standard treatment courses
of either metronidazole or vancomycin (Major 2019). The pri-
mary outcome of rCDI during 84-day follow-up occurred in
15.9% and 29.5% of the patients in the rifaximin and placebo
groups, respectively (p=0.06). Because both trials were under-
powered, their 95% Cls for absolute risk reduction included
no effect from rifaximin. Therefore, although rifaximin “fol-
low-on” or “chaser” therapy appears promising, it has not yet
been definitively proved effective. Furthermore, these results
cannot be extrapolated to patients treated with fidaxomicin,
and, as the standard of care changes from metronidazole and
vancomycin to agents with lower rates of CDI recurrence, the
benefit of rifaximin may be nullified.
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Safety

Rifaximin is distinct among the rifamycins in that it is ion-
ized at all pH levels found in the gut, which prevents it from
being absorbed and minimizes systemic adverse events
(Scarpignato  2005). Treatment-related adverse events
caused by rifaximin were uncommon in the two clinical trials
described previously in this section and included nausea and
pruritus (Major 2019; Garey 2011). A major limitation to rifax-
imin is the presence of resistance among C. difficile isolates,
which may be present de novo or arise after rifamycin expo-
sure (Huang 2013; Curry 2009).

Tigecycline

Tigecycline first received FDA approval in 2005 and is cur-
rently indicated for skin and skin structure infections,
intra-abdominal infections, and community-acquired pneu-
monia, according to the package insert. For all indications, a
loading dose of 100 mg is given, followed by a maintenance
dose of 50 mg twice daily. Of note, tigecycline and metronida-
zole are the only two antibiotics used to treat CDI that have
intravenous formulations.

Mechanism of Action

Tigecycline is a semisynthetic derivative of tetracycline,
known as a glycylcycline (Projan 2000). Like other tetracy-
clines, it acts by binding to the 30S ribosomal subunit of
bacteria and inhibiting protein translation.

Effect on the Gut Microbiome

Tigecycline is a broad-spectrum antibiotic and can inhibit
the growth of gram-positive and gram-negative aerobic and
anaerobic bacteria (Petersen 1999). Specifically, tigecy-
cline has potent activity against many anaerobes found in
the healthy human gut including Bacteroides spp. (MIC,, 2
mcg/mL or less) and Prevotella spp. (MIC,, 1 mcg/mL or less)
(Edlund 2000; Petersen 1999). In addition, MIC,, values for
C. perfringens and C. difficile are T mcg/mL or less and 0.125
mcg/mL or less, respectively. Microbiome studies in humans
have not been performed, but an in vitro gut model inter-
estingly demonstrated inhibition of spore germination and
subsequent toxin production after tigecycline installation
(Baines 2006). Although the results of the gut model are
intriguing, the effect of tigecycline on the remaining gut
microbiota should not be ignored because it can lead to a
delay in the recovery of the microbiome and may increase the
rate of rCDI.

Efficacy

Evidence for use of tigecycline in CDI is limited to observa-
tional studies for severe or fulminant CDI (Gergely Szabo
2021, 2016; Bishop 2018; Manea 2018; Brinda 2017; Dumitru
2017; LaSalvia 2017; Britt 2014; Thomas 2014; Herpers 2009).
The dose of tigecycline used in these studies was univer-
sally 100 mg once, followed by 50 mg twice daily. Although
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many of these studies describe patients treated with com-
bination therapy (e.g., vancomycin plus metronidazole plus
tigecycline), several studies describe success with tige-
cycline monotherapy (Gergely Szabo 2021, 2016; Herpers
2009). In perhaps the two most robust comparative studies,
the odds of all-cause inpatient mortality or a composite out-
come including clinical cure, discharge from the hospital, and
no requirement for surgery/transfer to the ICU for CDI were
similar in patients receiving metronidazole and/or vancomy-
cin, regardless of tigecycline receipt after propensity-score
matching or adjustment (Manea 2018; LaSalvia 2017). In the
only cohort study investigating tigecycline monotherapy for
the treatment of severe or fulminant CDI, the rate of clinical
cure among 90 patients was significantly higher in patients
receiving tigecycline monotherapy (75.6%) versus vancomy-
cin plus metronidazole (53.3%; p=0.02) (Gergely Szabo 2016).
However, there was no attempt to control for confound-
ing variables, despite several notable differences between
groups, including fewer patients with fulminant CDI in the
tigecycline monotherapy group (29% vs. 53%). Furthermore,
only 15.6% of patients received tigecycline as first-line ther-
apy, whereas the remainder were switched to tigecycline after
experiencing failure to improve on vancomycin plus metroni-
dazole. These data demonstrate the efficacy of tigecycline as
part of a combination regimen for salvage therapy in patients
with severe or fulminant CDI requiring intravenous therapy.
However, data are insufficient to support tigecycline mono-
therapy or use in the nonsalvage setting.

Safety

Because no RCTs to date have investigated the safety and
efficacy of tigecycline for CDI, these safety data have been
extrapolated from non-CDI RCTs. Using data from 11 clinical
trials, treatment-related adverse events occurred more often
in patients receiving tigecycline versus comparator groups,
and these adverse events led to more discontinuations in the
tigecycline groups (Tasina 2011). Specifically, nausea (OR,
3.06; 95% Cl, 2.02—-4.63) and vomiting (OR, 3.35; 95% CI, 2.12—
5.30) occurred significantly more often in patients treated
with tigecycline versus comparator antibiotics. Because the
antibiotics used to treat CDI are generally well tolerated com-
pared with systemic antibiotics, this difference in adverse
events may be more pronounced for comparison of tigecy-
cline to fidaxomicin, oral vancomycin, or other CDI therapies.

Adjunctive Management

Intravenous Immune Globulin

A poor immune response was first associated with more
severe CDI and CDI recurrence in the early 1980s (Aronsson
1985, 1983). Furthermore, passive immunization using intra-
venous immune globulin (IVIG) has shown a mortality benefit
for other infections caused by toxin-producing bacteria when
given in combination with antibiotic therapy (Parks 2018).
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These findings have formed the theoretical basis for using
IVIG in CDI. Of interest, data from the bezlotoxumab clini-
cal trials have suggested that neutralizing antibodies do not
improve rates of clinical cure or mortality, although these
trials were not powered to detect a difference in the latter
(Wilcox 2017). However, these trials did not enroll patients
with fulminant CDI, and few patients had severe CDI (16.4%),
which may be the patients who would benefit from such an
intervention.

To prepare IVIG, the serum—and thus antibodies—of
thousands of donors are pooled. If present, circulating
antibodies could theoretically neutralize C. difficile toxins
similarly to bezlotoxumab. Indeed, several commercially
available IVIG products have demonstrated neutralizing
antibodies against C. difficile toxin A, toxin B, and the binary
toxin (Negm 2017; Salcedo 1997). However, because titers
for anti-C. difficile toxin antibodies are not measured during
preparation, it is unknown if every product or batch contains
these antibodies.

Although IVIG has no direct effect on the gut microbiome,
it is given in conjunction with standard-of-care antibiotics,
which will affect the gut microbiome. In addition, although
IVIG does not have FDA approval for CDI, it has been used
as adjunctive therapy to treat refractory, recurrent, and
severe/fulminant CDI for decades (Negm 2017; Juang 2007;
Abougergi 2010; McPherson 2006; Wilcox 2004; Salcedo
1997). The dose of IVIG administered varied significantly
across studies but was most commonly given as a one-time
dose of 400 mg/kg. In the only comparative study to date,
patients with severe CDI who received IVIG in addition to met-
ronidazole and/or vancomycin had similar rates of mortality
or colectomy versus those who received only metronidazole
and/or vancomycin (Juang 2007). The limitations to this
study were its size (36 patients) and the omission of CDI
recurrence as an outcome, whereas its strength included the
use of propensity score-matching. Several case series have
shown a similar lack of benefit; however, most patients were
either critically ill, had several CDI recurrences, or received
IVIG late in the disease process (Negm 2017; Abougergi 2010;
McPherson 2006; Wilcox 2004; Salcedo 1997). In addition,
the FDA approval of bezlotoxumab has provided clinicians
with a more specific IVIG alternative, largely making IVIG use
for CDl irrelevant.

The observational studies previously described did
not reliably document adverse events. However, common
adverse events associated with IVIG include infusion-related
reactions (e.g., headache, nausea, chills), whereas rare but
possible adverse events include acute kidney injury, hyper-
tension, thrombosis, and transfusion-related acute lung
injury, according to the package insert.

Antibiotic Prophylaxis
Exposing patients to antibiotics—the largest risk factor
for development of CDI—to decrease the risk of a disease
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seems counterintuitive, but interest in antibiotic prophylaxis
to prevent CDI is quickly growing (Carlson 2020c). Although
germination of C. difficile spores to vegetative cells is the
first step in developing CDI, no known antibiotic can kill C.
difficile spores. Therefore, the theory underlying antibiotic
prophylaxis in CDI is to prevent disease by killing vegetative
C. difficile if and when any spores germinate. Unfortunately,
it is unknown which at-risk patients will become colonized
with spores and which colonized patients will experience
CDI. Because metronidazole, vancomycin, and fidaxomicin
all disrupt the microbiome, albeit to differing degrees, uni-
versal prophylaxis in at-risk groups is likely more harmful
than beneficial but may decrease CDI rates in select patient
populations. Furthermore, fidaxomicin should theoretically
provide the most protection given its anti-spore effects, but
no trials to date have compared fidaxomicin to metronidazole
or vancomycin for prophylaxis.

Unfortunately, the available data on this topic carry a high
risk of bias. Observational studies of antibiotic prophylaxis
vary widely in terms of their study populations; definitions
of primary versus secondary prophylaxis; regimens, includ-
ing antibiotic, dose, and duration; and follow-up periods.
Furthermore, retrospective observational studies with shorter
follow-up periods may underestimate the rate of CDI in the
prophylaxis groups, given the prolonged timeframe in which
patients are at risk of recurrence following antibiotic expo-
sure and likelihood of attrition bias inherent in retrospective
studies (Carlson 2020c). Only three RCTs have been published
to date, and all studied primary prophylaxis: one studied met-
ronidazole or vancomycin, one studied vancomycin, and one
studied fidaxomicin (Johnson 2020, 1992; Mullane 2019). The
first of these studies randomized patients colonized with C.
difficile detected by rectal swab testing to receive a 10-day
course of metronidazole 500 mg twice daily, vancomycin 125
mg four times daily, or placebo three times daily (Johnson
1992). During 60-day follow-up, only one patient in the van-
comycin arm received a diagnosis of CDI. A more recent RCT
randomized hospitalized patients older than 60 years with
antibiotic receipt in the past 30 days to receive vancomycin
125 mg/day or no prophylaxis (Johnson 2020). Six (12.0%)
patients in the no prophylaxis group subsequently received a
diagnosis of CDI versus no patients in the vancomycin group
(p=0.03). Lastly, in the only double-blind RCT, patients receiv-
ing fluoroquinolone prophylaxis after hematopoietic stem cell
transplantation were randomized to receive fidaxomicin 200
mg or placebo once daily (Mullane 2019). Subsequently, CDI
was diagnosed in 10.7% of patients randomized to placebo
versus 5.6% of patients randomized to fidaxomicin (p=0.01).
The latter two studies concluded that antibiotic prophylaxis
can be considered in certain high-risk patient populations.
However, because prophylaxis-associated microbiome dysbi-
osis may persist for 3 months or longer after discontinuation,
appropriate follow-up rates and time frames are critical in
determining the true effects of prophylaxis (Hensgens 2012;
Rashid 2015).
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Pipeline
An ideal antibiotic for the treatment of CDI should have potent
and selective activity against C. difficile while sparing the
remaining gut microbiota, have minimal systemic absorption
to avoid systemic adverse effects, and demonstrate efficacy,
including short-term measures (e.g., resolution of diarrhea)
and long-term measures (e.g., prevent recurrence) of suc-
cess. An agent that can neutralize C. difficile toxin(s) and/or
prevent the formation of spores is not necessary, but such an
agent would likely have an advantage in terms of resolving an
acute infection and preventing recurrence. Current standard-
of-care antibiotics (i.e., fidaxomicin and vancomycin) provide
rates of clinical cure between 80.2% and 88.2% and rates of
CDI recurrence between 4.0% and 26.9% (see Figure 1, see
Figure 3), leaving plenty of room for improvement.
Fortunately, the antibiotic treatment pipeline for CDI con-
tains several narrow-spectrum antibiotics with potent activity
against C. difficile (Carlson 2020b). Agents currently in later
stages of development, as well as some that have recently failed
to demonstrate efficacy, are described in the following text.

Notable Failures of Drug Development for CDI

The increasing incidence of CDI that occurred in the 2000s,
partly because of the ribotype 027 strain, sparked drug devel-
opment efforts. The results of these efforts led to the FDA
approval of fidaxomicin in 2011; however, two antibiotics and
two nonantibiotics developed for the treatment or adjunc-
tive management of CDI failed to demonstrate efficacy in
their phase 3 clinical trials (Gerding 2019; Boix 2017; Daley
2017; Wilcox 2017; Johnson 2014). Tolevamer, a nonantibi-
otic polymer that binds C. difficile toxins, showed promise in
its phase 2 trial, but was inferior to both metronidazole and
vancomycin in its phase 3 clinical trials (Johnson 2014; Louie
2006). Surotomycin, a cyclic lipopeptide antibiotic, also had
positive phase 2 results, but failed to demonstrate noninfe-
riority to vancomycin in one of its two phase 3 clinical trials
(Boix 2017; Daley 2017; Lee 2016). Actoxumab, a monoclonal
antibody against C. difficile toxin A, was tested in combina-
tion with bezlotoxumab in a phase 2 clinical trial (Lowy 2010).
However, when actoxumab was investigated as monotherapy
in its phase 3 clinical trials, enrollment was halted after an
interim analysis found higher rates of rCDI in the actoxumab
group compared with the combination group and higher rates
of mortality and serious adverse events compared with the
placebo group (Wilcox 2017). Lastly, cadazolid, an oxazolid-
inone/quinolone hybrid antibiotic, after promising phase 2
results subsequently failed to demonstrate noninferiority to
vancomycin in one of its two phase 3 clinical trials (Gerding
2019; Louie 2015).

Phase 3

One oral antibiotic, ridinilazole, has reached phase 3 clinical
trials. Ridinilazole has a novel mechanism of action which is
not yet fully understood (Basséres 2016). In a phase 2 trial,
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sustained clinical response rates were compared between
ridinilazole 200 mg twice daily and vancomycin 125 mg four
times daily for 10 days (Vickers 2017). Ridinilazole demon-
strated a higher rate of sustained clinical response than
vancomycin (66.7% vs. 42.4%, p=0.0004), and no adverse
events led to the discontinuation of ridinilazole. Notably, the
rate of sustained clinical response in patients treated with
vancomycin (42%) was lower than rates previously observed
in clinical trials (59.2%-65.7%) (see Figure 1). However,
unpublished results from two of its three phase 3 clinical tri-
als (Ri-CoDIFy 1 [ClinicalTrials.gov identifier: NCT03595553]
and Ri-CoDIFy 2 [ClinicalTrials.gov identifier: NCT03595566])
indicate that ridinilazole resulted in a higher sustained clin-
ical response rate than vancomycin but did not meet the
study primary end point for superiority (Summit 2021). The
Ri-CoDIFy 3 (ClinicalTrials.gov identifier: NCT04802837) trial
is currently recruiting patients aged 12-18 years.

Overtime,the best available CDImanagement has shifted from
two relatively broad-spectrum antibiotics (metronidazole and
vancomycin) to one narrow-spectrum antibiotic (fidaxomi-
cin) and one nonantibiotic (bezlotoxumab) with significantly
lower rCDI rates. The future of CDI therapy may further shift
from antibiotic therapies to ultra-narrow-spectrum and C.
difficile-selective antibiotics paired with microbiome-based
therapies to prevent antibiotic-associated dysbiosis and
quickly restore the microbiome if disruptions do occur.
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Practice Points

The treatment options available for CDI have largely
remained unchanged since the 1980s. However, since
the FDA approvals of fidaxomicin in 2011 and bezlo-
toxumab in 2016, updated guideline recommendations
have changed drastically. Nevertheless, inconsisten-
cies are evident between how these newer agents were
studied and how clinicians are using them.

* The IDSA/SHEA and ACG guidelines differ in their recom-
mendations for CDI treatment, especially regarding the role
of metronidazole and fidaxomicin.

Vancomycin has long been the standard of care for CDI
treatment; however, its negative effects on the gut micro-
biome and higher rates of CDI recurrence are of concern
given the availability of fidaxomicin.

Fidaxomicin clinical trials included mainly patients with
primary, nonsevere CDI. Of the patients randomized to fi-
daxomicin in the four phase 3 clinical trials, between 11.5%
and 20.3% had a previous episode of CDI in the 3 months
before randomization and 24.0%—39.0% had severe CDI.
Fidaxomicin is noninferior to vancomycin in terms of
clinical cure; however, it is associated with lower rates of
CDI recurrence. About 10 patients would need to be treated
with fidaxomicin instead of vancomycin to prevent one
episode of CDI recurrence in the 30 days after antibiotic
therapy.

Bezlotoxumab was studied mainly in patients with primary,
nonsevere CDI. Of the patients randomized to bezlotoxum-
ab in the two phase 3 clinical trials, 27.7% had at least one
previous episode of CDI in the 6 months before randomiza-
tion and 15.6% had severe CDI.

Bezlotoxumab given concurrently with standard-of-care
antibiotic therapy (i.e., metronidazole, vancomycin, or
fidaxomicin) is superior to standard-of-care antibiotic
therapy alone in preventing CDI recurrence. About 10
patients would need to be treated with bezlotoxumab with
standard-of-care antibiotic therapy instead of standard-of-
care antibiotic therapy alone to prevent one episode of CDI
recurrence in the 84 days after bezlotoxumab infusion.

Apisarnthanarak A, Razavi B, Mundy LM. Adjunctive intraco-
lonic vancomycin for severe Clostridium difficile colitis:
case series and review of the literature. Clin Infect Dis
2002;35:690-6.

Appaneal HJ, Caffrey AR, Beganovic M, et al. Predictors of
mortality among a national cohort of veterans with recur-
rent Clostridium difficile infection. Open Forum Infect Dis
2018;5:0fy175.

Aronsson B, Granstrom M, Mollby R, et al. Enzyme-
linked immunosorbent assay (ELISA) for antibodies to
Clostridium difficile toxins in patients with pseudomem-
branous colitis and antibiotic-associated diarrhoea.
J Immunol Methods 1983;60:341-50.

Aronsson B, Granstrom M, Mollby R, et al. Serum antibody
response to Clostridium difficile toxins in patients with
Clostridium difficile diarrhoea. Infection 1985;13:97-101.

IDSAP 2022 Boolc1 - Abdominopelvic Cavity Infections

27

Artsimovitch I, Seddon J, Sears P. Fidaxomicin is an inhibitor
of the initiation of bacterial RNA synthesis. Clin Infect Dis
2012;55:8127-31.

Babakhani F, Bouillaut L, Gomez A, et al. Fidaxomicin inhib-
its spore production in Clostridium difficile. Clin Infect Dis
2012;55:5162-9.

Babcock GJ, Broering TJ, Hernandez HJ, et al. Human mono-
clonal antibodies directed against toxins A and B prevent
Clostridium difficile-induced mortality in hamsters. Infect
Immun 2006;74:6339-47.

Baines SD, O'Connor R, Saxton K, et al. Activity of vanco-
mycin against epidemic Clostridium difficile strains in a
human gut model. J Antimicrob Chemother 2009;63:520-5.

Baines SD, Saxton K, Freeman J, et al. Tigecycline does not
induce proliferation or cytotoxin production by epidemic
Clostridium difficile strains in a human gut model.

J Antimicrob Chemother 2006;58:1062-5.

Basseéres E, Endres BT, Khaleduzzaman M, et al. Impact
on toxin production and cell morphology in Clostridium
difficile by ridinilazole (SMT19969), a novel treat-
ment for C. difficile infection. J Antimicrob Chemother
2016;71:1245-51.

Basséres E, Endres BT, Montes-Bravo N, et al. Visualization
of fidaxomicin association with the exosporium layer of
Clostridioides difficile spores. Anaerobe 2021;69:102352.

Bartlett JG. Historical perspectives on studies of Clostridium
difficile and C. difficile infection. Clin Infect Dis 2008;46:54-11.

Birch T, Golan Y, Rizzardini G, et al. Efficacy of bezlotoxumab
based on timing of administration relative to start of anti-
bacterial therapy for Clostridium difficile infection.

J Antimicrob Chemother 2018;73:2524-8.

Bishop EJ, Tiruvoipati R, Metcalfe J, et al. The outcome of
patients with severe and severe-complicated Clostridium
difficile infection treated with tigecycline combination
therapy: a retrospective observational study. Intern Med J
2018;48:651-60.

Boekhoud IM, Sidorov |, Nooij S, et al. Haem is crucial for
medium-dependent metronidazole resistance in clinical
isolates of Clostridioides difficile. J Antimicrob Chemother
2021;76:1731-40.

Boix V, Fedorak RN, Mullane KM, et al. Primary outcomes
from a phase 3, randomized, double-blind, active-con-
trolled trial of surotomycin in subjects with Clostridium
difficile infection. Open Forum Infect Dis 2017;4:0fw275.

Brinda BJ, Pasikhova Y, Quilitz RE, et al. Use of tigecycline
for the management of Clostridium difficile colitis in
oncology patients and case series of breakthrough infec-
tions. J Hosp Infect 2017;95:426-32.

Britt NS, Steed ME, Potter EM, et al. Tigecycline for the
treatment of severe and severe complicated Clostridium
difficile infection. Infect Dis Ther 2014;3:321-31.

Carlson TJ, Endres BT, Basséres E, et al. Ridinilazole for the
treatment of Clostridioides difficile infection. Expert Opin
Investig Drugs 2019;28:303-10.

Clostridioides difficile Infection Epidemiology



Carlson TJ, Endres BT, Pham JL, et al. Eosinopenia and
binary toxin increase mortality in hospitalized patients
with Clostridioides difficile infection. Open Forum Infect
Dis 2020a;7:0fz552.

Carlson TJ, Gonzales-Luna AJ. Antibiotic treatment pipe-
line for Clostridioides difficile infection (CDI): a wide
array of narrow-spectrum agents. Curr Infect Dis Rep
2020b;22:20.

Carlson TJ, Gonzales-Luna AJ. Utilizing antibiotics to prevent
Clostridioides difficile infection: does exposure to a risk
factor decrease risk? a systematic review. J Antimicrob
Chemother 2020c;75:2735-42.

Carlson TJ, Gonzales-Luna AJ, Nebo K, et al. Assessment of
kidney injury as a severity criteria for Clostridioides diffi-
cile infection. Open Forum Infect Dis 2020d;7:0faa476.

Centers for Disease Control and Prevention (CDC). Antibiotic
resistance threats in the United States, 2019. Atlanta, GA:
U.S. Department of Health and Human Services, CDC,
2019.

Centers for Disease Control and Prevention (CDC).
Clostridioides difficile infection (CDI) tracking. Atlanta,
GA: U.S. Department of Health and Human Services, CDC,
2021.

Centers for Disease Control and Prevention (CDC). MDRO &
CDI: Multidrug-Resistant Organism & Clostridioides diffi-
cile (MDRO/CDI) Infection Surveillance and LabID Event
Reporting Module. Atlanta, GA: U.S. Department of Health
and Human Services, CDC, 2022.

Cheknis A, Johnson S, Chesnel L, et al. Molecular epide-
miology of Clostridioides (Clostridium) difficile strains
recovered from clinical trials in the US, Canada and Europe
from 2006-2009 to 2012-2015. Anaerobe 2018;53:38-42.

Chilton CH, Crowther GS, Ashwin H, et al. Association of
fidaxomicin with C. difficile spores: effects of persistence
on subsequent spore recovery, outgrowth and toxin pro-
duction. PLoS ONE 2016;11:e0161200.

Chilton CH, Freeman J, Crowther GS, et al. Co-amoxiclav
induces proliferation and cytotoxin production of
Clostridium difficile ribotype 027 in a human gut model.
J Antimicrob Chemother 2012;67:951-4.

Chitnis AS, Holzbauer SM, Belflower RM, et al. Epidemioloay
of community-associated Clostridium difficile infection,
2009 through 2011. JAMA Intern Med 2013;173:1359-67.

Cohen SH, Gerding DN, Johnson S, et al. Clinical practice
guidelines for Clostridium difficile infection in adults:
2010 update by the Society for Healthcare Epidemiology
of America (SHEA) and the Infectious Diseases Society
of America (IDSA). Infect Control Hosp Epidemiol
2010;31:431-55.

Cornely OA, Crook DW, Esposito R, et al. Fidaxomicin
versus vancomycin for infection with Clostridium dif-
ficile in Europe, Canada, and the USA: a double-blind,
non-inferiority, randomised controlled trial. Lancet Infect
Dis 2012;12:281-9.

IDSAP 2022 Boolc1 - Abdominopelvic Cavity Infections

Curry SR, Marsh JW, Shutt KA, et al. High frequency of
rifampin resistance identified in an epidemic Clostridium
difficile clone from a large teaching hospital. Clin Infect
Dis 2009;48:425-9.

Daley P, Louie T, Lutz JE, et al. Surotomycin versus vancomy-
cin in adults with Clostridium difficile infection: primary
clinical outcomes from the second pivotal, randomized,
double-blind, phase 3 trial. J Antimicrob Chemother
2017;72:3462-70.

Dingle KE, Didelot X, Quan TP, et al. Effects of control inter-
ventions on Clostridium difficile infection in England: an
observational study. Lancet Infect Dis 2017;17:411-21.

Dubberke ER, Butler AM, Reske KA, et al. Attributable out-
comes of endemic Clostridium difficile-associated disease
in nonsurgical patients. Emerg Infect Dis 2008;14:1031-8.

Dubberke ER, Schaefer E, Reske KA, et al. Attributable inpa-
tient costs of recurrent Clostridium difficile infections.
Infect Control Hosp Epidemiol 2014;35:1400-7.

Dumitru IM, Dumitru E, Rugina S, Tuta LA. Toxic megacolon:
a three case presentation. J Crit Care Med (Targu Mures)
2017;3:39-44.

Edlund C, Barkholt L, Olsson-Liljequist B, et al. Effect of
vancomycin on intestinal flora of patients who previ-
ously received antimicrobial therapy. Clin Infect Dis
1997;25:729-32.

Edlund C, Nord CE. In-vitro susceptibility of anaerobic bacte-
ria to GAR-936, a new glycylcycline. Clin Microbiol Infect
2000;6:159-63.

Edwards DI. Nitroimidazole drugs: action and resistance
mechanisms. J Antimicrob Chemother 1993;31:201-10.

Fekety R, Silva J, Kauffman C, et al. Treatment of antibiotic-
associated Clostridium difficile colitis with oral vancomycin:
comparison of two dosage regimens. Am J Med 1989;
86:15-9.

Feuerstadt P, Louie TJ, Lashner B, et al. SER-109, an oral
microbiome therapy for recurrent Clostridioides difficile
infection. N Engl J Med 2022;386:220-9.

Finegold SM, Molitoris D, Vaisdnen ML. Study of the in vitro
activities of rifaximin and comparator agents against
536 anaerobic intestinal bacteria from the perspective
of potential utility in pathology involving bowel flora.
Antimicrob Agents Chemother 2009;53:281-6.

Garey KW, Aitken SL, Gschwind L, et al. Development and
validation of a Clostridium difficile health-related quality-
of-life questionnaire. J Clin Gastroenterol 2016;50:631-7.

Garey KW, Begum K, Lancaster C, et al. A randomized
double-blind, placebo-controlled, single and multiple
ascending dose phase 1 study to determine the safety,
pharmacokinetics and food and faecal microbiome effects
of ibezapolstat administered orally to healthy subjects.

J Antimicrob Chemother 2020;75:3635-43.

Garey KW, Ghantoji SS, Shah DN, et al. A randomized. dou-
ble-blind, placebo-controlled pilot study to assess the

Clostridioides difficile Infection Epidemiology



ability of rifaximin to prevent recurrent diarrhoea in

patients with Clostridium difficile infection. J Antimicrob
Chemother 2011;66:2850-5.

Gentry CA, Nguyen PK, Thind S, et al. Fidaxomicin versus
oral vancomycin for severe Clostridium difficile infec-
tion: a retrospective cohort study. Clin Microbiol Infect
2019;25:987-93.

Gerding DN, Cornely OA, Grill S, et al. Cadazolid for the
treatment of Clostridium difficile infection: results of two
double-blind, placebo-controlled, non-inferiority, ran-
domised phase 3 trials. Lancet Infect Dis 2019;19:265-74.

Gerding DN, Johnson S, Peterson LR, et al. Clostridium
difficile-associated diarrhea and colitis. Infect Control
Hosp Epidemiol 1995;16:459-77.

Gerding DN, Kelly CP, Rahav G, et al. Bezlotoxumab for
prevention of recurrent Clostridium difficile infection in
patients at increased risk for recurrence. Clin Infect Dis
2018;67:649-56.

Gergely Szabo, Duma L, Lenart KS, et al. Characteristics
and predictors of treatment failure with intravenous tige-
cycline monotherapy among adult patients with severe
Clostridioides (Clostridium) difficile infection: a single-
centre observational cohort study. Diagn Microbiol Infect
Dis 2021;99:115231.

Gergely Szabo B, Kadar B, Szidonia Lenart K, et al. Use of
intravenous tigecycline in patients with severe Clostridium

difficile infection: a retrospective observational cohort
study. Clin Microbiol Infect 2016;22:990-5.

Ghantoji SS, Sail K, Lairson DR, et al. Economic health-
care costs of Clostridium difficile infection: a systematic
review. J Hosp Infect 2010;74:309-18.

Goldstein EJC, Citron DM, Tyrrell KL, et al. Comparative in
vitro activities of SMT19969, a new antimicrobial agent,
against Clostridium difficile and 350 gram-positive and
gram-negative aerobic and anerobic intestinal flora
isolates. Antimicrob Agents Chemother 2013;57:4872-6.

Gonzales M, Pepin J, Frost EH, et al. Faecal pharmacokinet-
ics of orally administered vancomycin in patients with
suspected Clostridium difficile infection. BMC Infect Dis
2010;10:363.

Gonzales-Luna AJ, Carlson TJ, Dotson KM, et al. PCR ribo-
types of Clostridioides difficile across Texas from 2011
to 2018 including emergence of ribotype 255. Emerg
Microbes Infect 2020;9:341-7.

Gonzales-Luna AJ, Olaitan AO, Shen WJ, et al. Reduced
susceptibility to metronidazole is associated with initial
clinical failure in Clostridioides difficile infection. Open
Forum Infect Dis 2021;8:0fab365.

Goolsby TA, Jakeman B, Gaynes RP. Clinical relevance of
metronidazole and peripheral neuropathy: a systematic
review of the literature. Int J Antimicrob Agents 2018;
51:319-25.

Goorhuis A, Bakker D, Corver J, et al. Emergence of
Clostridium difficile infection due to a new hypervirulent

IDSAP 2022 Boolc1 - Abdominopelvic Cavity Infections

29

strain, polymerase chain reaction ribotype 078. Clin Infect
Dis 2008;47:1162-70.

Guh AY, Mu Y, Winston LG, et al. Trends in U.S. burden of
Clostridioides difficile infection and outcomes. N Engl J
Med 2020;382:1320-30.

Guery B, Menichetti F, Anttila V-J, et al. Extended-pulsed
fidaxomicin versus vancomycin for Clostridium difficile
infection in patients 60 years and older (EXTEND): a ran-
domised, controlled, open-label, phase 3b/4 trial. Lancet
Infect Dis 2018;18:296-307.

Hensgens MP, Goorhuis A, Dekkers OM, et al. Time inter-
val of increased risk for Clostridium difficile infection
after exposure to antibiotics. J Antimicrob Chemother
2012;67:742-8.

Herpers BL, Vlaminckx B, Burkhardt O, et al. Intravenous
tigecycline as adjunctive or alternative therapy for severe
refractory Clostridium difficile infection. Clin Infect Dis
2009;48:1732-5.

Hall AJ, Curns AT, McDonald LC, et al. The roles of
Clostridium difficile and norovirus among gastroenteritis-
associated deaths in the United States, 1999-2007.

Clin Infect Dis 2012;55:216-23.

Hall IC, O'Toole, Elizabeth. Intestinal flora in new-born infants
with a description of a new pathogenic anaerobe, Bacillus
difficilis. Am J Dis Child 1935;49:390-402.

Han Z, Lapin B, Garey KW, et al. Impact of Clostridioides dif-
ficile infection on patient-reported quality of life. Infect
Control Hosp Epidemiol 2021:1-6.

Heinrich K, Harnett J, Vietri J, et al. Impaired quality of
life, work, and activities among adults with Clostridium
difficile infection: a multinational survey. Dig Dis Sci
2018;63:2864-73.

Hota SS, Sales V, Tomlinson G, et al. Oral vancomycin fol-
lowed by fecal transplantation versus tapering oral
vancomycin treatment for recurrent Clostridium difficile
infection: an open-label, randomized controlled trial.
Clin Infect Dis 2017;64:265-71.

Huang JS, Jiang ZD, Garey KW, et al. Use of rifamycin drugs
and development of infection by rifamycin-resistant
strains of Clostridium difficile. Antimicrob Agents
Chemother 2013;57:2690-3.

Huber CA, Foster NF, Riley TV, et al. Challenges for stan-
dardization of Clostridium difficile typing methods. J Clin
Microbiol 2013;51:2810-4.

Johnson S, Homann SR, Bettin KM, et al. Treatment of
asymptomatic Clostridium difficile carriers (fecal excre-
tors) with vancomycin or metronidazole: a randomized,
placebo-controlled trial. Ann Intern Med 1992;117:297-302.

Johnson S, Schriever C, Galang M, et al. [nterruption of recur-
rent Clostridium difficile-associated diarrhea episodes by
serial therapy with vancomycin and rifaximin. Clin Infect
Dis 2007;44:846-8.

Clostridioides difficile Infection Epidemiology



Johnson S, Louie TJ, Gerding DN, et al. Vancomycin, metro-
nidazole, or tolevamer for Clostridium difficile infection:
results from two multinational, randomized, controlled
trials. Clin Infect Dis 2014;59:345-54.

Johnson S, Lavergne V, Skinner AM, et al. Clinical practice
guideline by the Infectious Diseases Society of America
(IDSA) and Society for Healthcare Epidemiology of America

(SHEA): 2021 focused update guidelines on management
of Clostridioides difficile infection in adults. Clin Infect Dis
2021;73:€1029-44.

Johnson SW, Brown SV, Priest DH. Effectiveness of oral
vancomycin for prevention of healthcare facility-onset
Clostridioides difficile infection in targeted patients during

systemic antibiotic exposure. Clin Infect Dis 2020;
71:1133-9.

Juang P, Skledar SJ, Zgheib NK, et al. Clinical outcomes
of intravenous immune globulin in severe Clostridium
difficile-associated diarrhea. Am J Infect Control
2007;35:131-7.

Juo YY, Sanaiha Y, Jabaji Z, et al. Trends in diverting loop
ileostomy vs total abdominal colectomy as surgical
management for Clostridium difficile colitis. JAMA Surg
2019;154:899-906.

Katz KC, Golding GR, Choi KB, et al. The evolving epidemiol-
ogy of Clostridium difficile infection in Canadian hospitals
during a postepidemic period (2009-2015). CMAJ 2018;
190:E758-65.

Kazakova SV, Baggs J, McDonald LC, et al. Association
between antibiotic use and hospital-onset Clostridioides
difficile infection in US acute care hospitals, 2006—2012:
an ecologic analysis. Clin Infect Dis 2020;70:11-8.

Kazakova SV, Baggs J, Yi SH, et al. Associations of facili-
ty-level antibiotic use and hospital-onset Clostridioides
difficile infection in US acute-care hospitals, 2012—-2018.
Infect Control Hosp Epidemiol 2021:1-3.

Keighley MR, Burdon DW, Arabi Y, et al. Randomised controlled

trial of vancomycin for pseudomembranous colitis and
postoperative diarrhoea. Br Med J 1978;2:1667-9.

Kelly CR. Can we identify patients at high risk of recurrent
Clostridium difficile infection? Clin Microbiol Infect
2012;18:21-7.

Kelly CR, Fischer M, Allegretti JR, et al. ACG clinical
guidelines: prevention, diagnosis, and treatment of
Clostridioides difficile infections. Am J Gastroenterol
2021;116:1124-47.

Khanna S, Baddour LM, Huskins WC, et al. The epidemioloay

of Clostridium difficile infection in children: a population-
based study. Clin Infect Dis 2013;56:1401-6.

Killgore G, Thompson A, Johnson S, et al. Comparison of
seven techniques for typing international epidemic strains

of Clostridium difficile: restriction endonuclease anal-
ysis, pulsed-field gel electrophoresis, PCR-ribotyping,
multilocus sequence typing, multilocus variable-num-
ber tandem-repeat analysis, amplified fragment length

IDSAP 2022 Boolc1 - Abdominopelvic Cavity Infections

30

polymorphism, and surface layer protein A gene sequence
typing. J Clin Microbiol 2008;46:431-7.

Kim PK, Huh HC, Cohen HW, et al. Intracolonic vancomycin
for severe Clostridium difficile colitis. Surg Infect (Larchmt)
2013;14:532-9.

Kwon JH, Olsen MA, Dubberke ER. The morbidity, mortality,
and costs associated with Clostridium difficile infection.
Infect Dis Clin N Am 2015;29:123-34.

Lam SW, Bass SN, Neuner EA, et al. Effect of vancomycin
dose on treatment outcomes in severe Clostridium difficile
infection. Int J Antimicrob Agents 2013;42:553-8.

LaSalvia MT, Branch-Elliman W, Snyder GM, et al. Does
adjunctive tigecycline improve outcomes in severe-
complicated, nonoperative Clostridium difficile infection?
Open Forum Infect Dis 2017;4:0fw264.

Lee CH, Patino H, Stevens C, et al. Surotomycin versus
vancomycin for Clostridium difficile infection: phase 2
randomized, controlled, double-blind, non-inferiority, mul-
ticentre trial. J Antimicrob Chemother 2016;71:2964-71.

Loo VG, Bourgault A-M, Poirier L, et al. Host and pathogen
factors for Clostridium difficile infection and colonization.
N Engl J Med 2011;365:1693-1703.

Louie TJ, Cannon K, Byrne B, et al. Fidaxomicin preserves
the intestinal microbiome during and after treatment
of Clostridium difficile infection (CDI) and reduces both
toxin reexpression and recurrence of CDI. Clin Infect Dis
2012;55:5132-42.

Louie TJ, Peppe J, Watt CK, et al. Tolevamer, a novel nonan-
tibiotic polymer, compared with vancomycin in the
treatment of mild to moderately severe Clostridium difficile-
associated diarrhea. Clin Infect Dis 2006;43:411-20.

Louie TJ, Miller MA, Mullane KM, et al. Fidaxomicin versus
vancomycin for Clostridium difficile infection. N Engl J
Med 2011;364:422-31.

Louie TJ, Nord CE, Talbot GH, et al. Multicenter, double-blind,
randomized, phase 2 study evaluating the novel antibiotic
cadazolid in patients with Clostridium difficile infection.
Antimicrob Agents Chemother 2015;59:6266-73.

Lowy |, Molrine DC, Leav BA, et al. Treatment with monoclo-
nal antibodies against Clostridium difficile toxins. N Engl J
Med 2010;362:197-205.

Magill SS, O’Leary E, Janelle SJ, et al. Changes in prevalence
of health care-associated infections in U.S. hospitals.
N Engl J Med 2018;379:1732-44.

Magill SS, O’Leary E, Ray SM, et al. Antimicrobial use in us
hospitals: comparison of results from emerging infections
program prevalence surveys, 2015 and 2011. Clin Infect Dis
2021;72:1784-92.

Major G, Bradshaw L, Boota N, et al. Follow-on rifaximin for
the prevention of recurrence following standard treatment
of infection with Clostridium difficile (RAPID): a ran-
domised placebo controlled trial. Gut 2019;68:1224-31.

Clostridioides difficile Infection Epidemiology



Malamood M, Nellis E, Ehrlich AC, et al. Vancomycin enemas
as adjunctive therapy for Clostridium difficile infection.
J Clin Med Res 2015;7:422-7.

Manea E, Sojo-Dorado J, Jipa RE, et al. The role of tigecy-
cline in the management of Clostridium difficile infection:
aretrospective cohort study. Clin Microbiol Infect
2018;24:180-4.

McDonald LC, Killgore GE, Thompson A, et al. An epidemic
toxin gene-variant strain of Clostridium difficile. N Engl J
Med 2005;353:2433-41.

McDonald LC, Gerding DN, Johnson S, et al. Clinical prac-
tice guidelines for Clostridium difficile infection in adults
and children: 2017 update by the Infectious Diseases
Society of America (IDSA) and Society for Healthcare
Epidemiology of America (SHEA). Clin Infect Dis
2018;66:e1-48.

McFarland LV, Elmer GW, Surawicz CM. Breaking the
cycle: treatment strategies for 163 cases of recurrent
Clostridium difficile infection. Am J Gastroenterol 2002;
97:1769-75.

McPherson S, Rees CJ, Ellis R, et al. Intravenous immu-
noglobulin for the treatment of severe, refractory, and
recurrent Clostridium difficile diarrhea. Dis Colon Rectum
2006;49:640-5.

Mergenhagen KA, Wattengel BA, Skelly MK, et al. Fact ver-
sus fiction: a review of the evidence behind alcohol and
antibiotic interactions. Antimicrob Agents Chemother
2020;64:€02167-19.

Mikamo H, Tateda K, Yanagihara K, et al. Efficacy and
safety of fidaxomicin for the treatment of Clostridioides
(Clostridium) difficile infection in a randomized, double-
blind, comparative phase Ill study in Japan. J Infect
Chemother 2018;24:744-52.

Mullane KM, Winston DJ, Nooka A, et al. A randomized, pla-
cebo-controlled trial of fidaxomicin for prophylaxis of
Clostridium difficile-associated diarrhea in adults under-
going hematopoietic stem cell transplantation. Clin Infect
Dis 2019;68:196-203.

Musher DM, Aslam S, Logan N, et al. Relatively poor outcome
after treatment of Clostridium difficile colitis with metroni-
dazole. Clin Infect Dis 2005;40:1586-90.

Nanwa N, Kendzerska T, Krahn M, et al. The economic
impact of Clostridium difficile infection: a systematic
review. Am J Gastroenterol 2015;110:511-9.

Negm OH, MacKenzie B, Hamed MR, et al. Protective
antibodies against Clostridium difficile are present
in intravenous immunoglobulin and are retained in
humans following its administration. Clin Exp Immunol
2017;,188:437-43.

Olsen MA, Yan Y, Reske KA, et al. Impact of Clostridium dif-
ficile recurrence on hospital readmissions. Am J Infect
Control 2015a;43:318-22.

Olsen MA, Yan Y, Reske KA, et al. Recurrent Clostridium dif-
ficile infection is associated with increased mortality. Clin
Microbiol Infect 2015b;21:164-70.

IDSAP 2022 Boolc1 - Abdominopelvic Cavity Infections

31

Olson MM, Shanholtzer CJ, Lee JT, et al. Ten years of
prospective Clostridium difficile-associated disease sur-
veillance and treatment at the Minneapolis VA Medical
Center, 1982-1991. Infect Control Hosp Epidemiol
1994;15:371-81.

Orth P, Xiao L, Hernandez LD, et al. Mechanism of action and
epitopes of Clostridium difficile toxin B-neutralizing anti-
body bezlotoxumab revealed by X-ray crystallography.

J Biol Chem 2014;289:18008-21.

Parks T, Wilson C, Curtis N, et al. Polyspecific intravenous
immunoglobulin in clindamycin-treated patients with
streptococcal toxic shock syndrome: a systematic review
and meta-analysis. Clin Infect Dis 2018;67:1434-6.

Pasic M, Jost R, Carrel T, et al. Intracolonic vancomycin for
pseudomembranous colitis. N Engl J Med 1993;329:583.

Pear SM, Williamson TH, Bettin KM, et al. Decrease in nos-
ocomial Clostridium difficile-associated diarrhea by
restricting clindamycin use. Ann Intern Med 1994;
120:272-7.

Penziner S, Dubrovskaya Y, Press R, et al. Fidaxomicin
therapy in critically ill patients with Clostridium difficile
infection. Antimicrob Agents Chemother 2015;59:1776-81.

Pepin J, Alary ME, Valiquette L, et al. Increasing risk of
relapse after treatment of Clostridium difficile colitis in
Quebec, Canada. Clin Infect Dis 2005;40:1591-7.

Petersen PJ, Jacobus NV, Weiss WJ, et al. In vitro and in
vivo antibacterial activities of a novel glycylcycline, the
9-t-butylglycylamido derivative of minocycline (GAR-936).
Antimicrob Agents Chemother 1999;43:738-44.

Pettit NN, DePestel DD, Fohl AL, et al. Risk factors for sys-
temic vancomycin exposure following administration of
oral vancomycin for the treatment of Clostridium difficile
infection. Pharmacotherapy 2015;35:119-26.

Projan SJ. Preclinical pharmacology of GAR-936, a novel
alycyleycline antibacterial agent. Pharmacotherapy
2000;20:219S-23S.

Rashid MU, Zaura E, Buijs MJ, et al. Determining the long-
term effect of antibiotic administration on the human
normal intestinal microbiota using culture and pyrose-
quencing methods. Clin Infect Dis 2015;60:S77-84.

Reveles KR, Dotson KM, Gonzales-Luna A, et al. Clostridioides
(formerly Clostridium) difficile infection during hospitaliza-
tion increases the likelihood of nonhome patient discharge.
Clin Infect Dis 2019;68:1887-93.

Rodrigues R, Barber GE, Ananthakrishnan AN. A comprehen-
sive study of costs associated with recurrent Clostridium
difficile infection. Infect Control Hosp Epidemiol 2017,
38:196-202.

Rokas KE, Johnson JW, Beardsley JR, et al. The addition of
intravenous metronidazole to oral vancomycin is asso-
ciated with improved mortality in critically ill patients
with Clostridium difficile infection. Clin Infect Dis
2015;61:934-41.

Clostridioides difficile Infection Epidemiology



Saffouri G, Khanna S, Estes L, et al. Outcomes from rectal
vancomycin therapy in patients with Clostridium difficile
infection. Am J Gastroenterol 2014;109:924-5.

Sailhamer EA, Carson K, Chang Y, et al. Fulminant Clostridium

difficile colitis: patterns of care and predictors of mortality.
Arch Surg 2009;144:433-9.

Salcedo J, Keates S, Pothoulakis C, et al. Intravenous immu-
noglobulin therapy for severe Clostridium difficile colitis.
Gut 1997;41:366-70.

Scarpignato C, Pelosini I. Rifaximin, a poorly absorbed anti-
biotic: pharmacology and clinical potential. Chemotherapy
2005;51:36-66.

Seel,MuY, Cohen J, et al. NAP1 strain type predicts
outcomes from Clostridium difficile infection. Clin Infect
Dis 2014;58:1394-400.

Shah DN, Aitken SL, Barragan, et al. Economic burden of
primary compared with recurrent Clostridium difficile
infection in hospitalized patients: a prospective cohort
study. J Hosp Infect 2016;93:286-9.

Sheitoyan-Pesant C, Abou Chakra CN, Pépin J, et al. Clinical and

healthcare burden of multiple recurrences of Clostridium
difficile infection. Clin Infect Dis 2016;62:574-80.

Shetler K, Nieuwenhuis R, Wren SM, et al. Decompressive
colonoscopy with intracolonic vancomycin administration

for the treatment of severe pseudomembranous colitis.
Surg Endosc 2001;15:653-9.

Sinha RK, Heuhaus RC. Reversal of the vancomycin
inhibition of peptidoglycan synthesis by cell walls.
J Bacteriol 1968;96:374-82.

Sirbu BD, Soriano MM, Manzo C, et al. Vancomycin taper
and pulse regimen with careful follow-up for patients with
recurrent Clostridium difficile infection. Clin Infect Dis
2017;65:1396-9.

Snydman DR, McDermott LA, Jacobus NV, et al. U.S.-based
National Sentinel Surveillance study for the epidemiology
of Clostridium difficile-associated diarrheal isolates and
their susceptibility to fidaxomicin. Antimicrob Agents
Chemother 2015;59:6437-43.

Stevens V, Dumyati G, Fine LS, et al. Cumulative antibiotic
exposures over time and the risk of Clostridium difficile
infection. Clin Infect Dis 2011;53:42-8.

Summit Therapeutics. Summit Therapeutics announces
topline results for phase Il Ri-CoDIFy study for C. difficile
infection [press release]. 2021.

Surawicz CM, Brandt LJ, Binion DG, et al. Guidelines for
diagnosis, treatment, and prevention of Clostridium diffi-
cile infections. Am J Gastroenterol 2013;108:478-98.

Tasina E, Haidich A-B, Kokkali S, et al. Efficacy and safety
of tigecycline for the treatment of infectious diseases: a
meta-analysis. Lancet Infect Dis 2011;11:834-44.

Teasley DG, Gerding DN, Olson MM, et al. Prospective ran-
domised trial of metronidazole versus vancomycin for

IDSAP 2022 Boolc1 - Abdominopelvic Cavity Infections

32

Clostridium difficile-associated diarrhoea and colitis.
Lancet 1983;2:1043-6.

Tedesco F, Markham R, Gurwith M, et al. Oral vancomycin for
antibiotic-associated pseudomembranous colitis. Lancet
1978;2:226-8.

Tedesco FJ, Gordon D, Fortson WC. Approach to patients
with multiple relapses of antibiotic-associated pseudo-
membranous colitis. Am J Gastroenterol 1985;80:867-8.

Tenover FC, Akerlund T, Gerding DN, et al. Comparison of
strain typing results for Clostridium difficile isolates from
North America. J Clin Microbiol 2011;49:1831-7.

Thabit AK, Nicolau DP. Impact of vancomycin faecal con-
centrations on clinical and microbiological outcomes in
Clostridium difficile infection. Int J Antimicrob Agents
2015;46:205-8.

Thomas A, Khan F, Uddin N, et al. Tigecycline for severe
Clostridium difficile infection. Int J Infect Dis 2014;
26:171-2.

Thorpe CM, Kane AV, Chang J, et al. Enhanced preservation
of the human intestinal microbiota by ridinilazole, a novel
Clostridium difficile targeting antibacterial, compared with
vancomycin. PLoS ONE 2018;13:e0199810.

Thorpe CM, McDermott LA, Tran MK, et al. U.S.-based
national surveillance for fidaxomicin susceptibility of
Clostridioides difficile-associated diarrheal isolates from
2013 to 2016. Antimicrob Agents Chemother 2019;
63:e00391-19.

Tickler IA, Goering RV, Whitmore JD, et al. Strain types and
antimicrobial resistance patterns of Clostridium difficile
isolates from the United States, 2011 to 2013. Antimicrob
Agents Chemother 2014;58:4214-8.

Tickler IA, Obradovich AE, Goering RV, et al. Changes in
molecular epidemiology and antimicrobial resistance
profiles of Clostridioides (Clostridium) difficile strains
in the United States between 2011 and 2017. Anaerobe
2019;60:102050.

U.S. Food and Drug Administration. NDA 208910 SD1 oral
vancomycin for solution kit [clinical review]. 2018.

van Bodegraven AA, Boer RO, Lourens J, et al. Distribution
of mesalazine enemas in active and quiescent ulcerative
colitis. Aliment Pharmacol Ther 1996;10:327-32.

Vega AD, Heil EL, Blackman AL, et al. Evaluation of addition
of intravenous metronidazole to oral vancomycin ther-
apy in critically ill patients with non-fulminant severe
Clostridioides difficile infection. Pharmacotherapy
2020;40:398-407.

Vickers RJ, Tillotson GS, Nathan R, et al. Efficacy and
safety of ridinilazole compared with vancomycin for the
treatment of Clostridium difficile infection: a phase 2, ran-
domised, double-blind, active-controlled, non-inferiority
study. Lancet Infect Dis 2017;17:735-44.

Vohra P, Poxton IR. Comparison of toxin and spore produc-
tion in clinically relevant strains of Clostridium difficile.
Microbiology (Reading) 2011;157:1343-53.

Clostridioides difficile Infection Epidemiology



Walk ST, Micic D, Jain R, et al. Clostridium difficile ribo-
type does not predict severe infection. Clin Infect Dis
2012;55:1661-8.

Walker AS, Eyre DW, Wyllie DH, et al. Relationship
between bacterial strain type, host biomarkers, and
mortality in Clostridium difficile infection. Clin Infect Dis
2013;56:1589-600.

Wang Y, Schluger A, Li J, et al. Does addition of intravenous
metronidazole to oral vancomycin improve outcomes in
Clostridioides difficile infection? Clin Infect Dis 2020;
71:2414-20.

Warny M, Pepin J, Fang A, et al. Toxin production by an
emerging strain of Clostridium difficile associated with

outbreaks of severe disease in North America and Europe.

Lancet 2005;366:1079-84.

Wenisch C, Parschalk B, Hasenhiindl M, et al. Comparison
of vancomycin, teicoplanin, metronidazole, and fusidic
acid for the treatment of Clostridium difficile-associated
diarrhea. Clin Infect Dis 1996;22:813-8.

Wilcox MH, Howe R. Diarrhoea caused by Clostridium
difficile: response time for treatment with metronidazole
and vancomycin. J Antimicrob Chemother 1995;36:673-9.

Wilcox MH. Descriptive study of intravenous immunoglob-
ulin for the treatment of recurrent Clostridium difficile
diarrhoea. J Antimicrob Chemother 2004;53:882-4.

IDSAP 2022 Boolc1 - Abdominopelvic Cavity Infections

33

Wilcox MH, Gerding DN, Poxton IR, et al. Bezlotoxumab for
prevention of recurrent Clostridium difficile infection.
N Engl J Med 2017;376:305-17.

Wolf J, Kalocsai K, Fortuny C, et al. Safety and efficacy
of fidaxomicin and vancomycin in children and adoles-
cents with Clostridioides (Clostridium) difficile infection: a
phase 3, multicenter, randomized, single-blind clinical trial
(SUNSHINE). Clin Infect Dis 2020;71:2581-8.

Wu X, Shen WJ, Deshpande A, et al. The integrity of heme
is essential for reproducible detection of metronidazole-
resistant Clostridioides difficile by agar dilution
susceptibility tests. J Clin Microbiol 2021;59:e0058521.

Yin J, Kociolek LK, Same RG, et al. Oral vancomycin may
be associated with earlier symptom resolution than
metronidazole for hospitalized children with nonsevere
Clostridioides difficile infections. Open Forum Infect Dis
2019;6:0fz492.

Zar FA, Bakkanagari SR, Moorthi KM, et al. A comparison
of vancomycin and metronidazole for the treatment of
Clostridium difficile-associated diarrhea, stratified by
disease severity. Clin Infect Dis 2007;45:302-7.

Zilberberg MD, Shorr AF, Micek ST, et al. Clostridium difficile
recurrence is a strong predictor of 30-day rehospitaliza-
tion amona patients in intensive care. Infect Control Hosp
Epidemiol 2015;36:273-9.

Clostridioides difficile Infection Epidemiology



Which of the following patients with Clostridioides difficile
infection (CDI) would be most appropriately classified as
having health care facility-onset (HO) CDI?

A. Diagnosed with CDI at an urgent care clinic with no
recent health care exposure

B. Diagnosed with CDI on day 1 of hospitalization with
an overnight stay in the hospital 2 weeks ago

C. Diagnosed with CDI on day 3 of hospitalization with
an overnight stay in the hospital 8 weeks ago

D. Diagnosed with CDI on day 4 of hospitalization with
no recent health care exposure

A 67-year-old man was recently diagnosed with prosta-
titis and was treated with levofloxacin for 4 weeks. He
presents today because of 5 watery bowel movements in
the past 24 hours. He was tested for CDI using a nucleic
acid amplification test that can also detect C. difficile
ribotype 027. Unfortunately, the patient’s stool tested
positive for ribotype 027, which has been associated
with higher rates of mortality. The medical resident you
are rounding with asks you if the patient’s CDI treatment
should be altered based on these results. Which one of
the following actions is best to recommend to reduce
this patient’s risk of mortality?

A. Add intravenous metronidazole to oral vancomycin.

B. Administer bezlotoxumab on day 5 of oral
vancomycin therapy.

C. Treat with fidaxomicin monotherapy.

D. No treatments have evidence demonstrating a lower
mortality risk.

A 72-year-old woman was admitted 6 days ago for
suspected pneumonia. In the past 24 hours she expe-
rienced 5 watery bowel movements and is complaining
of severe abdominal pain. In addition, her white blood
cell countis 16.0 x 102 cells/mm? and her SCris 1.1 mg/
dL. A C. difficile test is performed and returns positive.
Of note, the patient has never been diagnosed with CDI.
According to the Infectious Diseases Society of Amer-
ica (IDSA) and the Society for Healthcare Epidemiology
of America (SHEA), which one of the following is best to
recommend for treatment of this patient’s CDI?

A. Bezlotoxumab
B. Fidaxomicin
C. Metronidazole
D. Vancomycin

* Abdominopelvic Cavity Infections

Questions 4-6 pertain to the following case.

M.V., a 47-year-old woman with type 2 diabetes mellitus, pres-
ents to the ED because of profuse watery diarrhea. A basic
metabolic panel and CBC are performed and reveal a WBC of
8.2 x 10°cells/mm?and an SCr of 1.2 mg/dL. M.V. states she
was recently treated for CDI with vancomycin, which she fin-
ished 3 weeks ago.

4.

Which one of the following best evaluates M.V.s CDI?

A. Primary nonsevere CDI

B. First CDI recurrence, nonsevere
C. First CDI recurrence, severe

D. Fulminant CDI

Which one of the following is best to recommend to
reduce M.V.'s risk of a future CDI recurrence?

A. Bezlotoxumab 10 mg/kg once
B. Fidaxomicin 200 mg twice daily for 10 days
C. Metronidazole 500 mg three times per day for
14 days
D. Vancomycin 125 mg four times per day for 10 days

Which one of the following risk factors for CDI recurrence
best justifies the use of bezlotoxumab for M.V.?

A. Age

B. Severity of CDI

C. Immunocompromise

D. Prior CDI in the previous 6 months

A 61-year-old man presents to the ED with profuse diar-
rhea. He states that he has had at least 12 unformed
stools in the past 24 hours. You find out that he has had
2 previous episodes of CDI in the past 3 months. Which
one of the following is best to recommend as “follow-on”
or “chaser” therapy following 10 days of vancomycin in
this patient?

A. Bezlotoxumab 10 mg/kg once

B. Fidaxomicin 200 mg twice daily for 10 days

C. Rifaximin 400 mg three times daily for 20 days

D. Tigecycline 100 mg once, followed by 50 mg twice
daily for 10 days

A 67-year-old man is diagnosed with primary CDI and
is prescribed vancomycin. You would like to educate
the patient on the treatment and prognosis of his infec-
tion. Which one of the following is best to share with this
patient regarding the recurrence rate after treatment?

A. 5%

B. 15%
C. 25%
D. 50%
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Which one of the following patients with CDI is most
likely to benefit from a high-dose vancomycin regimen
(i.e., 500 mg four times daily)?

A. 64-year-old woman admitted to the medicine ward
with 3 stools in the past 24 hours

B. 70-year-old man admitted to the ICU with 3 stools in
the past 24 hours

C. T1-year-old woman admitted to the ICU with
decreased bowel sounds and intermittent diarrhea

D. 56-year-old man admitted to the medicine ward with
6 stools in the past 24 hours

The sustained clinical response rates observed in the
2011 randomized controlled trial (RCT) by Louie et al.
were 74.6% and 64.1% for those randomized to fidaxo-
micin and vancomycin, respectively (p=0.006). Which
one of the following is the NNT with fidaxomicin instead
of vancomycin to see one additional sustained clinical
response?

A. 6 patients
B. 7 patients
C. 9 patients
D. 10 patients

The infectious diseases fellow you are rounding with
asks you, “What is it about fidaxomicin that makes it less
likely to cause CDI recurrence than vancomycin?” Which
one of the following is the best educational point about
fidaxomicin to share with this colleague?

A. ltis given twice daily whereas vancomycin is given
four times daily.

B. It achieves higher concentrations in the gut than
vancomycin.

C. Itis more potent against C. difficile than vancomycin.

D. It prevents sporulation and adheres to C. difficile
spores while vancomycin does not.

You arrive Monday morning and see four new patients
with CDI on your list. Based on the post hoc analysis of
the MODIFY I/11 trials by Gerding et al., which one of the
following patients would be most likely to benefit from
bezlotoxumab?

A. 64-year-old woman with primary nonsevere CDI

B. 70-year-old man with a history of congestive heart
failure

C. T71-year-old woman status post hematopoietic stem
cell transplantation

D. 56-year-old man with a history of CDI 3 years ago
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13.

14.

15.

A student proposes switching a patient with CDI from
metronidazole to vancomycin. Which of the following is
the best education point about the limitations of met-
ronidazole for the treatment of CDI to share with this
student?

A. ltis associated with higher rates of CDI recurrence
compared with vancomycin.

B. It is more expensive compared with vancomycin.

C. ltis associated with higher rates of mortality
compared with vancomycin.

D. ltis associated with lower rates of clinical cure
compared with vancomycin.

A 79-year-old man is diagnosed with CDI on admission.
Shortly after admission he decompensated and is now
requiring norepinephrine to maintain his blood pressure.
Abdominal radiography does not reveal ileus or megaco-
lon. He has been on oral vancomycin 500 mg four times
daily for the past 3 days without any improvement in
diarrhea or abdominal pain. Which one of the following
intravenous antibiotics is best to recommend adding to
oral vancomycin in this patient?

A. Fidaxomicin
B. Vancomycin
C. Rifampin

D. Tigecycline

A 55-year-old man with acute myeloid leukemia recently
underwent an allogeneic hematopoietic stem cell trans-
plantation. The patient is receiving levofloxacin 500 mg
once daily for prophylaxis. The attending physician calls
and asks you for a recommendation regarding antibiotic
prophylaxis for CDI. Which one of the following is best to
recommend for this patient?

A. Fidaxomicin 200 mg once daily
B. Metronidazole 500 mg twice daily
C. Vancomycin 125 mg once daily
D. Vancomycin 125 mg twice daily
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