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ABSTRACT

Clostridioides (formerly Clostridium) difficile infection (CDI) is the most common cause of health care—
associated infectious diarrhea in the developed world. The Infectious Diseases Society of America and
the Society for Healthcare Epidemiology of America clinical guidelines on CDI were updated in 2017.
The update reflects a decline in the incidence of CDI caused by ribotype 027 and an increased incidence
of community-associated CDI, current challenges in CDI diagnosis, the importance of antibiotic stew-
ardship and contact and isolation precautions in infection prevention and control, and many significant
changes in CDI management. This review summarizes and examines these new guidelines, how they
compare to other recommendations, and more recent data on CDl management.

Introduction  Since its initial description as
the cause of pseudomembranous colitis in 1978,'
Clostridioides (formerly Clostridium) difficile has
grown in importance to become the most com-
mon cause of infectious nosocomial diarrhea in
the developed world. Clostridioides difficile in-
fection (CDI) is still associated with significant
costs, morbidity, and mortality. Since the release
of the 2010 Infectious Disease Society of Amer-
ica (IDSA)/Society for Healthcare Epidemiolo-
gy of America (SHEA) guidelines on CDI,? there
have been advances and updates in epidemiol-
ogy, diagnostics, prevention, and treatment of
CDI, which are reflected in the recently published
2017 update.® This review summarizes the data
used in the updated guidelines and compares
them to CDI guidelines published by other med-
ical associations.

Epidemiology  Clostridioides difficile is a Gram-
-positive, spore-forming anaerobe transmitted
via the fecal-oral route. Nontoxigenic and toxi-
genic forms exist, with the latter producing toxins
A and B, which are necessary for CDI.? Clostridi-
oides difficile is a ubiquitous organism, and most
people are presumably colonized with it at some

point in their lives, if not multiple times. Most
of the time, it results in transient, asymptomat-
ic colonization. When C. difficile causes a disease,
as in CD], it can range from mild self-limited di-
arrhea to fulminant colitis with shock. New cas-
es can be defined by location and timing of symp-
tom onset to aid in epidemiologic studies and pre-
vention efforts (TABLE 1).°

After the year 2000, CDI-related morbidity,
mortality, and costs have increased dramatical-
ly. Before 2000, the mortality rate attributable
to CDI was less than 1.5%, while after 2000, this
increased to between 4.5% and 5.7% during en-
demic periods and up to 16.7% during epidemic
periods.” There were also dramatic increases in
the incidence of CDI. According to the Centers
for Disease Control and Prevention in the Unit-
ed States, close to 500 000 cases were diagnosed
in 2011, with about 29 000 associated deaths and
an estimated $4.8 billion in unnecessary inpa-
tient costs.®® These changes in CDI epidemiol-
ogy coincided with the identification of a new
predominant strain known as 027/NAP1/BI (the
name varies based on the type of molecular typing
technique, referred to as ribotype 027 from here
onwards). This strain is highly fluoroquinolone
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TABLE 1

Epidemiologic definitions for Clostridioides difficile infection (CDI) based on

location and time of onset (adapted from the 2017 IDSA/SHEA guidelines)?

Epidemiologic type Definition

Health care facility—onset

CDI

Onset >3 days after admission to a health care facility
(on or after day 4)

Community-onset/Health
care facility—associated

CDI

Onset in the community or <3 days of admission to
a health care facility and within 12 weeks of discharge
from a health care facility

Health care—associated

CDI

Term used when grouping health care facility—onset and
community-onset/health care facility—associated CDI
cases together, as opposed to community-associated
cDI

Community-associated

CDI onset in the community or <3 days of admission to
a health care facility but without an inpatient stay in
the prior 12 weeks

TABLE 2 Diagnostic tests for Clostridioides difficile toxin or toxin-producing bacteria.
Positive predictive values (PPVs) and negative predictive values (NPVs) for CDI are
compared against cell culture cytotoxicity assay as gold standard. Adapted from

the 2016 ESCMID diagnostic guidelines.?*

Test
Toxigenic culture

PPV NPV
High

Substance detected

Low C.difficile spores or

cells

Nucleic acid amplification

test

Low High C.difficile toxin genes

Glutamate dehydrogenase

C.difficile conserved
common antigen

Low High

Cell culture cytotoxicity

neutralization assay

High Moderate Free toxin

Toxin A and B enzyme

immunoassay

Moderate Moderate Free toxin
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resistant, is associated with more severe CDI,
and is more likely to cause recurrent CDL.”¢ For-
tunately, since the 2010 IDSA/SHEA guidelines
were released, this more virulent strain has be-
come less prevalent around the world, account-
ing for less than 10% of cases in England (from
>50% in 2007) and less than 20% of nosocomial
cases in the United States (from 31% in 2011).%1°
However, the prevalence of this strain in East-
ern Europe was found to be higher than in oth-
er parts of Europe."

Patients with health care-onset CDI most of-
ten acquire C. difficile after admission to a facil-
ity.'”? In the health care setting, although C. dif-
ficile is approximately 16 times more likely to be
transmitted from a patient with CDI than an as-
ymptomatic carrier, there are typically 10 times
more asymptomatic C. difficile carriers than pa-
tients with CDI."® It has been estimated that
transmission from as few as 1% of asymptom-
atic carriers can account for as many as 50% of
new hospital-onset CDI cases.'* Carriage dura-
tion before clearance is unclear but may be up
to several months, while patients who progress
to CDI appear to develop disease at a median of
less than 7 days after acquisition.'®"'” Risk fac-
tors for progression to CDI include antibiotic ex-
posures and markers of poor host immunity, in-
cluding older age, hospitalization duration, and
severity of an underlying illness.*'®
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In addition to the increased incidence of
health care—associated CDI cases since 2000,
studies have demonstrated a similar trend in
the incidence of community-associated CDI cas-
es. The 027 strain was the most common cause
of health care-associated and community-
-associated CDI in the United States in 2011.
Similar to the trends mentioned above for
health care-associated CDI, the proportion
of community-associated CDI cases due to
the 027 strain has been declining since 2011,
from 19% to 8%. Moreover, the 027 strain is
no longer the most common causative strain of
community-associated CDI in the United States.'’
Although patients with community-associated
CDI are typically younger and healthier than
those with health care-associated CDI and are
less likely to have an identified preceding an-
tibiotic exposure, antibiotic exposures remain
the most common identifiable risk factor. In fact,
patients with community-associated CDI tend
to be older and have more health care exposures
than people in the community without CDI."?20

Diagnosis  CDI is a clinical diagnosis based on
the patient’s symptoms and risk factors. Test-
ing for C. difficile or toxin production should be
targeted at higher-risk patients who have clin-
ically significant diarrhea that is otherwise un-
explained. Various definitions of diarrhea have
been used over the years, and none have been
validated.®'®?" More important than the num-
ber of diarrhea bowel movements within a spec-
ified time frame is whether the diarrhea is out of
proportion from what might be expected, persis-
tence of diarrhea, and if other concerning signs
or symptoms such as abdominal pain or leuko-
cytosis are present. Monitoring for these symp-
toms is especially important among people with
recent antibiotic exposures. If, based on the pa-
tient’s signs and symptoms, the pretest proba-
bility for CDI is low, then monitoring of the pa-
tient is appropriate. If the pretest probability for
CDI is moderate to high, then stool should be col-
lected for testing.®??

Laboratory evidence for CDI involves detec-
tion of C. difficile toxin or a toxigenic strain of
C. difficile from stool (TABLE 2). Toxin detection
methods include enzyme immunoassays (EIAs)
for toxins A and B and cell culture cytotoxici-
ty assay (CCNA), which is considered the gold
standard for detecting toxin. Toxin-based EIAs
have fast turnaround but historically have had
variable performance with moderate specificity
and lower sensitivity. Of note, some older EIAs
only detect toxin A, which may miss up to 20%
of CDI cases caused by toxigenic C. difficile that
produce only toxin B. Therefore, in general such
assays should be avoided.® Compared with old-
er EIAs, modern toxin-based assays that detect
both toxins A and B have improved performance
and generally have very good positive and nega-
tive predictive values.??* CCNAs involve apply-
ing a filtered stool sample to a monolayered cell



culture and monitoring for a cytopathic effect
after at least 24 hours of incubation. Although
historically CCNAs have had higher sensitivity
and specificity than toxin EIAs, they are slower,
more labor intensive, nonstandardized, and op-
erator dependent.®?® It is important to empha-
size again that CDl is a clinical diagnosis because
patients may be asymptomatic carriers who have
detectable toxin but without disease.
Clostridioides difficile organism detection meth-
ods include EIAs for glutamate dehydrogenase
(GDH), nucleic acid amplification tests (NAATS)
(eg, polymerase chain reaction), and toxigen-
ic bacterial culture (TC). All of these assays test
for the presence of the bacteria but do not de-
tect the free toxins that cause CDI. GDH EIAs
detect the GDH antigen produced by all C. dif-
ficile strains (both toxigenic and nontoxigenic).
GDH EIAs overall have high sensitivity but low-
er specificity for CDI as they cannot distinguish
toxigenic from nontoxigenic strains and need to
be combined with a toxin-based test.®?* NAATs
identify the presence of toxigenic C. difficile by de-
tecting toxin genes. Because NAATSs detect genes
but not the free toxin necessary for CDI, they
have a lower positive predictive value for CDI
than toxin-based assays. However, NAATSs over-
all have high sensitivity and negative predictive
value for CDL*?? Unlike the faster turnaround
from EIAs and NAATs, TC involves incubation of
stool samples on selective agar for several days
before organism identification. Like GDH assays,
TC needs to be combined with a toxin-detection
step to confirm toxin production. When done
properly, TC is the gold standard for detecting
toxigenic C. difficile organisms in stool.>??
Recommendations for a single optimal labora-
tory test are lacking due to limitations in the cur-
rent literature, such as nonstandardized refer-
ence standards, underpowered design, and un-
clear prevalence and definitions of disease.®?*
These are important considerations especially
because clinical definitions and comparisons be-
tween different reference standards can substan-
tially impact assay interpretation, test relevance,
and diagnostic accuracy and can have significant
epidemiologic, clinical, and financial consequenc-
es for hospitals, patients, and physicians.??2%-26
The 2017 IDSA/SHEA guidelines address C.
difficile diagnostics based on pretest probabili-
ty for CDI in the patient population being test-
ed.? The NAAT is not recommended as a stand-
alone test when criteria for patient testing are
not clear or if other causes of diarrhea may be
present, because of data demonstrating that
patients with C. difficile detected in stool by
the NAAT but negative for C. difficile toxin have
similar rates of adverse events, recovery, recur-
rence, mortality, and duration of symptoms as
patients with stool negative by both NAAT and
toxin assay.?*?’ In the case of undifferentiated
samples of stool submitted to a laboratory for
CDI diagnostics, the 2017 guidelines recom-
mend using a stool toxin test (higher specificity

and positive predictive value) as part of a multi-
step algorithm with an initial screening test that
has high sensitivity and negative predictive val-
ue (GDH or NAAT) over NAAT alone. If the high-
ly sensitive screen is negative, CDI is essentially
ruled out. Stools positive both by the screening
and toxin assays should be interpreted as con-
sistent with the presence of CDL. If the screen
is positive and toxin test is negative, it is con-
sistent with a patient colonized with C. difficile,
and the patient is unlikely to have CDI. Howev-
er, in a patient population with higher pretest
probability for CDI (ie, pre-agreed criteria for
likely symptomatic CDI stool samples), NAAT
as a standalone diagnostic test or toxin assay as
part of a multistep algorithm can be used. Due
to the aforementioned paucity of high-quality
studies, these recommendations remain weak
in strength. There are insufficient data for any
recommendation on other biomarkers for in-
fection, such as fecal leukocytes, lactoferrin,
or calprotectin.?

The latest IDSA/SHEA guidelines on diagnos-
tics also update and supplement other recent rec-
ommendations. The 2013 American College of
Gastroenterology (ACG) guidelines agree that
only diarrheal samples from appropriate patients
should be tested but recommends NAATSs over
toxin-based EIAs unless as part of a multistep
protocol with GDH EIAs."® However, the ACG
guidelines fail to comment on the low positive
predictive value of NAATs when used alone.
The 2016 European Society of Clinical Micro-
biology and Infectious Diseases (ESCMID) up-
date for C. difficile diagnosis suggests that all
unformed stool samples from appropriate pa-
tients received in laboratory should be tested
to increase yield, and, due to the limited posi-
tive predictive value and negative predictive val-
ue for any single test, now recommends against
any single-step testing in preference for a 2-step
algorithm starting with a highly sensitive test
(NAAT or GDH EIA) followed by a more spe-
cific test (toxin EIA) or simultaneous GDH and
toxin EIA (FIGuRe 1A and 1B).”* Notably, in cases
that are NAAT/GDH positive but toxin negative,
the ESCMID guidelines suggest further consider-
ation of other causes of symptoms before treat-
ment. These cases may represent patients who
have toxin levels below the detection limit, as-
ymptomatic carriage of toxigenic C. difficile, or
non-toxin-producing C. difficile (if GDH positive
and toxin negative). Further testing is suggest-
ed in situations when clinical suspicion for CDI
remains high.??

All previously mentioned society guidelines
advocate avoiding testing asymptomatic pa-
tients (unless for epidemiologic studies), auto-
matic repeat testing for the same diarrheal ep-
isode, and testing for cure.®'®?3 Automatic re-
peat testing results in a significant drop in pos-
itive predictive value.®?® Recurrence commonly
occurs and should be retested like an initial epi-
sode, though ideally with toxin-based tests, given
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FIGURE 1 Sample
multistep algorithms
with toxin-based stool
study. Adapted from the
ESCMID 2016 diagnostic
guidelines.?
Abbreviations: CDI,
Clostridioides difficile
infection; EIA, enzyme
immunoassay; GDH,
glutamate
dehydrogenase; NAAT,
nucleic acid amplification
test; TC, toxigenic
culture
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Suspected C. difficile infection

Highly sensitive test: NAAT or GDH

Positive result

Highly specific test:
toxin A/B EIA

Positive result

Negative result

Negative result

v

No futher testing, CDI
unlikely present

v

CDI likely present

CDI or asymptomatic carriage may be

Depending on clinical suspicion or
setting, consider further evaluation with
toxigenic culture (or NAAT if initial test

possible.

was GDH).

the possible persistence of toxigenic strains af-
ter treatment.®?°

Infection prevention and control ~ Strategies for CDI
prevention and control largely fall under meth-
ods to prevent transmission and those that de-
crease the risk of CDI if transmission or acqui-
sition occurs. Transmission prevention encom-
passes early detection and environmental con-
trols such as hand hygiene, contact precautions
and isolation, and environmental cleaning. De-
creasing the risk of developing CDI is currently
accomplished through antibiotic stewardship.
Recommendations for early detection and en-
vironmental controls in the 2017 IDSA/SHEA
update remain mostly consistent with those of
the 2010 IDSA/SHEA and 2018 ESCMID guide-
lines.?"*3" Patients who are suspected of or have
CDI should be placed into contact precautions
and isolated in private rooms with separate toi-
leting facilities if possible. When it is not fea-
sible to do this, it is reasonable to cohort pa-
tients with CDI together. These patients should
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also have single-use or dedicated equipment to
themselves.?'-*? Isolation measures should stay
in place for at least 48 hours after diarrhea re-
solves.?*3* During outbreaks, contact precau-
tions can be extended until discharge. Provid-
ers should wear gowns and gloves and perform
adequate hand hygiene before and after con-
tact with CDI patients. Gowns and gloves must
be worn for all encounters, even if direct con-
tact with the patient is not expected, because
the area surrounding the patient can be con-
taminated with C. difficile spores.®

One area of controversy is the preferred meth-
od of hand hygiene after caring for a patient with
CDI. Alcohol-based hand rubs (ABHR) do not kill
or remove C. difficile spores.*® Although soap and
water is superior to ABHR in removing C. diffi-
cile spores from contaminated hands,*® general-
ly it may not be as effective as wearing gloves,
which prevent initial soiling and significantly
decrease overall spore burden.?*3* This may be
why most studies have not found reductions in
the incidence of CDI when soap and water is



Suspected C. difficile infection

Highly sensitive test:
GDH and toxin A/B EIA

Both positive

v

Incongruent resalts:
GDH positive/toxin negative

or

GDH negative/toxin positive

v

Both negative

v

CDl likely present

CDI or asymptomatic carriage may be
possible.

Depending on clinical suspicion or setting,
consider further evaluation with TC or NAAT.
If low suspiction, consider monitoring patient.

No futher testing,
CDI unlikely present

Positive result

v

CDI or asymptomatic carriage
may be possible depending
on clinical scenario

the preferred method of hand hygiene. As such,
the 2017 IDSA/SHEA guidelines recommend ei-
ther ABHR or soap and water for hand hygiene
in endemic settings after caring for a patient
with CDL?

Another area of controversy in C. difficile pre-
vention and control is whether and how often
sporicidal agents should be used to clean the en-
vironment. The 2017 IDSA/SHEA guidelines rec-
ommend daily cleaning with sporicidal agents
(eg, sodium hypochlorite) in outbreaks, hyper-
endemic settings, and repeated CDI cases in
the same room.? On the other hand, the 2018 ES-
CMID prevention guidelines suggest daily and
terminal disinfection with sporicidal agents in
both endemic and outbreak settings, though
with a lower strength of recommendation for
endemic settings.’’ Standard hospital disinfec-
tants, such as quaternary ammonium cleaning
agents, do not kill C. difficile spores. Several stud-
ies have found reductions in the incidence of
CDI when a sporicidal agent was used to clean
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Negative result

v

CDI unlikely to be present

the environment in an outbreak setting.’’-*° Of
note, since the 2017 IDSA/SHEA guidelines were
drafted, there have been 2 cluster randomized
trials that have failed to demonstrate reduc-
tions in CDI incidence when additional meth-
ods on top of sodium hypochlorite (which was
already used at the study hospitals) were used
to clean the environment. In one study, cleaning
effectiveness was monitored, and feedback was
provided if surfaces were not being adequate-
ly cleaned."? The other study used an ultraviolet
device for terminal discharge cleaning in addi-
tion to the standard sodium hypochlorite.*' Al-
though both studies demonstrated a reduction
in C. difficile recovery from environmental sur-
faces with the enhanced cleaning method being
studied, neither found a reduction in CDI inci-
dence. This is likely because most studies have
demonstrated or suggested that persistent en-
vironmental contamination after discharge con-
tributes to only 2% to 10% of new CDI cases in
nonoutbreak settings.'"'® Based on these recent
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TABLE 3  Clostridioides difficile severity definitions and suggested treatment (adapted from the 2017 IDSA/SHEA guidelines)?

Classification

First episode, nonsevere

Criteria

Treatment recommendations

Leukocyte count <15000 cells/ml and serum  Oral vancomycin, 125 mg 4 times daily, for 10 days or oral fidaxomicin,

creatinine <1.5 mg/dl°

200 mg twice daily, for 10 days. If neither above are available, oral

metronidazole, 500 mg 3 times daily, for 10 days.

First episode, severe

Leukocyte count >15000 cells/ml or serum
creatinine >1.5 mg/d|

Oral vancomycin, 125 mg 4 times daily, for 10 days or oral fidaxomicin,
200 mg twice daily, for 10 days

Fulminant (previously

called severe,
complicated)

Any of the above and hypotension, shock,
ileus, or toxic megacolon. Consider also
other factors such as elevated lactate
(=5 mmol/l) or significant leukocytosis
(>25000 cells/ml).

Consider early surgical consultation and vancomycin, 500 mg 4 times
daily, orally or by nasogastric tube. If gut motility limited, give
vancomycin per rectum® and intravenous metronidazole, 500 mg
every 8 hours.

First recurrence

Recurrent symptoms within 8 weeks after
completing therapy

If initially treated with metronidazole, use oral vancomycin, 125 mg
4 times daily, for 10 days.

If initially treated with vancomycin, use a prolonged pulsed-tapered
vancomycin® or fidaxomicin, 200 mg twice daily, for 10 days

Second or subsequent

recurrence

Pulsed-tapered vancomycin regimen¢, or oral fidaxomicin, 200 mg
twice daily, for 10 days, or oral vancomycin, 125 mg 4 times daily, for
10 days and then oral rifaximin, 400 mg 3 times daily, for 20 days, or
fecal microbiota transplant

a

Multiply quantity in mg/dl by 88.42 to convert serum creatinine into pmol/l units.

b Typical dosing for per rectum vancomycin is a retention enema of 500 mg in 100 ml saline dosed every 6 hours.

¢ Sample pulsed-tapered regimen is 125 mg 4 times daily for 10 to 14 days, 2 times daily for a week, once daily for a week, and then every 2 to

3 days for 2 to 8 weeks.
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trials, the frequency of using a sporicidal agent
should be individualized depending on the unit
and institution. Because of shared common fa-
cilities and lack of physical barriers between pa-
tients, daily sporicidal cleaning may be more im-
portant in multipatient wards than in facilities
where patients with CDI are able to be housed in
private rooms. Ultimately, it is imperative that
adequate cleaning takes place to minimize pre-
ventable CDI, but “enhanced” efforts in addition
to this may not further reduce CDI incidence.
As asymptomatic carriers represent a reser-
voir for potential C. difficile transmission and ac-
quisition, active surveillance and screening for
carriers has been proposed to prevent and re-
duce transmission.'®*? The greatest evidence for
active surveillance for asymptomatic C. difficile
carriage comes from a recent study in Quebec,
Canada. A single hospital there screened for as-
ymptomatic carriage on admission, and C. diffi-
cile carriers were placed into modified contact
precautions. There was a 62% drop in the inci-
dence of hospital-onset CDI (6.9 to 3 CDI cas-
es per 10 000 patient-days) at the study hospital
but no changes in the incidence at other hospi-
tals in Quebec.”® However, this study has several
important limitations including a single-center,
quasi-experimental design and the presence of
potential confounders that could contribute to
reductions in CDI incidence, such as improve-
ments in hand hygiene behaviors observed dur-
ing the study period and lack of data on individ-
ual antibiotic prescribing.’* Notably, the same
authors in a more recent study did not find iso-
lation of asymptomatic carriers to be associated
with shorter durations of CDI outbreaks."® More
studies are needed before routine implementa-
tion is considered. The 2013 ACG, 2018 ESCMID,
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and 2017 IDSA/SHEA guidelines either do not
recommend or note insufficient data to recom-
mend screening for asymptomatic carriers, given
the lack of supportive data, cost and person-time
needed to screen patients, and the risk for other
unintended consequences, such as overtreatment
for diarrhea of unclear etiology in carriers.> %30

Minimizing the number, frequency, and du-
ration of unnecessary antibiotic exposures may
be the most effective way to decrease the risk of
CDI."® Antibiotic stewardship programs help guide
and improve antibiotic prescribing through a vari-
ety of methods such as education, audit and feed-
back, and antibiotic-use restrictions. Studies on
antibiotic stewardship have demonstrated that
improved antibiotic utilization leads to a 33%
to more than 90% reduction in CDI.? Antibiotic
stewardship has been implicated as the primary
reason behind a decrease of approximately 80%
in CDI rates in England since 2006."7-%% A target-
ed reduction of specific antimicrobials based on C.
difficile resistance patterns and local antibiograms
may hasten recovery during epidemics.®*’” Antibi-
otic stewardship not only improves resource uti-
lization and patient outcomes but also decreas-
es the risk of CDI, the emergence of antibiotic
resistance, and other antimicrobial-related ad-
verse events."?

Recommendations for probiotics for primary
prevention of CDI remain inconclusive, with lack
of high-equality evidence to make a recommen-
dation in the 2017 IDSA/SHEA guidelines. Most
studies are small and lack standardization across
illness definitions and probiotic preparations. Sev-
eral meta-analyses have reported probiotic ben-
efit but utilized the same cohort of studies that
have CDI incidence rates up to 20 times the rates
in typical populations (about 2%-3% in elderly



patients who are hospitalized and are on antibi-
otics), which may bias towards probiotic bene-
fit.>#59-52 Some of the larger trials with CDI rates
similar to typical rates have not found a signifi-
cant benefit for probiotics. Given reports of infec-
tions related to organisms such as Saccharomyces
and Lactobacilli species involved in probiotic use
and mixed data,’*-*° the net benefit for probiot-
ics in CDI primary prevention remains unclear.

Treatment For all cases of CDI, the 2017 IDSA/
SHEA, 2014 ESCMID, and 2013 ACG guidelines
recommend discontinuing any contributing an-
tibiotics as soon as possible.*'®?! Studies dem-
onstrate that continued use of antimicrobials is
associated with prolonged duration of diarrhea
and increased risk for recurrence.’®*’ For non-
severe CDI, the current ESCMID guidelines sug-
gest discontinuing offending antimicrobials when
able and waiting 48 hours before starting any em-
piric therapy as many times CDI is self-limited.
Due to concerns for adverse events if treatment
is withheld, this is not recommended in the ACG
or IDSA/SHEA guidelines.®'®-?! It has traditional-
ly been advised to avoid antimotility agents when
patients have CDI, but these can be safely used if
the patient does not have ileus and is receiving
oral vancomycin or fidaxomicin. Testing for cure
should not be done as it is not predictive of treat-
ment failure or risk of recurrence.?®*® Although
the 2017 IDSA/SHEA guidelines continue to cat-
egorize treatment based on CDI severity, CDI se-
verity stratification remains a challenge as there
are no randomized control trials that have pro-
spectively validated specific severity measures.
Current recommendations for measures of CDI
severity are based largely on expert opinion and
retrospective or observational studies.

For an initial episode of CDI, oral vancomy-
cin and fidaxomicin are now recommended in
the 2017 IDSA/SHEA guidelines as the main first-
-line treatment options regardless of CDI severi-
ty (unless fulminant). Metronidazole is no longer
considered a first-line therapy for nonsevere CDI
and should be considered for nonsevere CDI only
if neither of the first 2 options are readily available
(1aBLE 3). The recommendation in the 2010 IDSA/
SHEA guidelines to stratify treatment by CDI se-
verity was based primarily on a single-center trial
published in 2007. This study found oral vancomy-
cin to be superior to metronidazole for resolution
of severe CDI, but it did not find a significant dif-
ference between metronidazole and oral vancomy-
cin for resolution of nonsevere CDI (though there
was a trend towards better outcomes with vanco-
mycin).?® Notably, this was the first double-blind
randomized trial of CDI treatment. Lack of blind-
ing, small sample sizes, and increases in severe
CDI after the year 2000 may explain why studies
prior to 2000 found no differences in treatment
outcomes between metronidazole and oral van-
comycin.?®:%% The 2017 updates in treatment rec-
ommendations were based on what are the only
multicenter double-blind, adequately powered

randomized controlled trials comparing metro-
nidazole to oral vancomycin published to date.
These studies demonstrated vancomycin supe-
riority to metronidazole in overall treatment re-
sponse regardless of CDI severity.®' Addition-
al supportive data that oral vancomycin is su-
perior to metronidazole include a recent meta-
-analysis and a propensity-matched retrospective
cohort study that demonstrated improved sur-
vival for oral vancomycin compared with metro-
nidazole.’%%% Considering metronidazole’s unfa-
vorable pharmacokinetics and the changing vir-
ulence and epidemiologic patterns of C. difficile
over the last 20 years, it is not surprising that
metronidazole has had poorer efficacy in these
more recent studies and should not be used as
a first-line agent in CDIL.

Although oral vancomycin and fidaxomicin
are both first-line agents for nonsevere and se-
vere CDI in the 2017 IDSA/SHEA guidelines,
the 2014 ESCMID guidelines reserve vancomycin
and fidaxomicin treatment for CDI cases of high
recurrence risk and severe CDL*?' The 2017 IDSA/
SHEA guidelines do not include recurrence risk
as part of its CDI treatment selection stratifica-
tion for an initial episode of CDI.

Data to support use of fidaxomicin as a first-
-line agent for an initial CDI episode or first recur-
rence are based on 2 large multinational double-
-blind randomized controlled studies that dem-
onstrated similar levels of treatment success for
fidaxomicin as vancomycin but overall signifi-
cantly better sustained treatment response (ie,
less CDI recurrence) with fidaxomicin.?* ¢ Pa-
tients experiencing an initial episode of CDI or
first recurrence were eligible for these trials, but
patients with more than 1 recurrence were exclud-
ed. A trend towards improved sustained clinical
response for the 027 strain was demonstrated in
one of the trials but not in the other. More recent-
ly, the EXTEND trial comparing extended fidax-
omicin dosing with oral vancomycin found a sig-
nificantly better sustained clinical response for fi-
daxomicin with the 027 strain.’” A meta-analysis
also demonstrated a trend towards improved sur-
vival within 12 days for fidaxomicin compared
with vancomycin.?® Some evidence points towards
less fecal microbiota disruption as a major cause
of decreased recurrence.5’

For fulminant CDI (formerly classified as se-
vere, complicated CDI), the 2017 IDSA/SHEA
guidelines recommend high-dose oral vancomy-
cin (500 mg 4 times/d) with intravenous metro-
nidazole and early consideration of surgical in-
tervention.”’”’* Vancomycin may be further given
per rectum if ileus is present. No evidence specif-
ically addresses high-dose versus standard-dose
vancomycin in fulminant infection. Based on lu-
minal levels of vancomycin at the 125-mg dose,
one would not expect 500 mg to be more effica-
cious.?®7%75 Rather, the rationale for adminis-
tering higher doses of vancomycin is an effort to
achieve therapeutic levels in the colon as quickly
as possible, recognizing that gut transit time in
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these critically ill patients may be delayed even
in the absence of an overt ileus. In cases of se-
vere colitis, monitoring of serum vancomycin lev-
els may be appropriate in patients with impaired
renal function given reports of elevated serum
levels with higher doses leading to adverse out-
comes.”® Concerns over impaired gut function is
why coadministration of intravenous metroni-
dazole is also recommended. Because metroni-
dazole is inferior to oral vancomycin, it should
not be administered as monotherapy. Notably,
as current studies for fidaxomicin excluded ful-
minant CDI cases, no data exist to guide usage of
fidaxomicin in life-threatening CDI. When com-
pared to the IDSA/SHEA guidelines, the ESCMID
recommends intravenous metronidazole as ad-
junctive therapy to nasogastric tube or enema-
-administered vancomycin only in cases when
oral drug administration is not possible.?' Both
the ESCMID and IDSA/SHEA suggest an early sur-
gical consultation, especially with significant leu-
kocytosis (225 000 cells/ml) or rising lactate lev-
els (25 mmol/l), given higher associated mortali-
ty.”? Newer surgical interventions include divert-
ing loop ileostomy and colonic lavage with con-
current antibiotics, which show good outcomes
when compared with colectomy.”?

CDI recurrence arises when symptoms im-
prove or resolve on therapy with reemergence of
symptoms within 8 weeks of therapy discontin-
uation.>'®?! For the first recurrence when previ-
ously treated with metronidazole, the 2017 IDSA/
SHEA guidelines recommend patients should be
treated with a standard course of oral vancomycin
or fidaxomicin. If initially treated with oral van-
comycin or fidaxomicin, patients should be treat-
ed with a pulsed-tapered vancomycin regimen or
fidaxomicin. Patients with an initial CDI episode
or the first recurrence were enrolled in phase 3 fi-
daxomicin trials, and there were no differences in
a decreased risk for recurrence with fidaxomicin
whether the patient was experiencing an initial
episode or the first recurrence.?®’7 For the sec-
ond and subsequent recurrences, multiple regi-
mens exist, including pulse-tapered vancomycin,
vancomycin followed by rifaximin, and fidaxomi-
cin, but there is limited evidence on their efficacy
for multiply recurrent CDL.’*7%7° Metronidazole
should be avoided for any recurrence due to low-
er efficacy and potential risk of neurologic toxic-
ity with prolonged use.?” In cases when patients
need systemic antibiotic therapy concurrently or
soon after completing CDI therapy, there is limit-
ed evidence for secondary prophylaxis with oral
vancomycin, and lower doses may be sufficient
(eg, vancomycin, 125 mg once daily).”* 7

The 2017 IDSA/SHEA guidelines also recom-
mend fecal microbiota transplantation (FMT)
for patients with multiply recurrent CDI despite
at least 2 antibiotic-based approaches to prevent
recurrent CDI. When used to prevent addition-
al episodes of recurrent CDI, FMT is typically ad-
ministered after completion of a course of oral
vancomycin. Case reports and case series indicate
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the success of a single dose of FMT to be 65% to
90%.%" Three placebo-controlled trials of micro-
bial therapy, including FMT, for CDI had an over-
all relative reduction in recurrence versus place-
bo of about 50%.52-%* There are several guidelines
for donor screening for FMT. At a minimum, do-
nors should be screened for HIV, hepatitis B virus,
hepatitis C virus, syphilis, and bacterial and para-
sitic pathogens in stool.?*-%¢ Potential long-term
sequelae of FMT remains an area of active inves-
tigation as our understanding of how the micro-
biome impacts our metabolic, immune, and cog-
nitive functions continues to expand.

Bezlotoxumab is a human monoclonal anti-
body against C. difficile toxin B. It was approved by
the United States Food and Drug Administration
in October 2016 for prevention of recurrent CDI,
which was too late for inclusion in the 2017 IDSA/
SHEA guidelines. Two multicenter randomized
controlled trials demonstrated that the addition
of bezlotoxumab to standard-of-care CDI anti-
biotic therapy significantly reduced recurrent
CDI compared with placebo. Bezlotoxumab had
no impact on treatment success of the qualify-
ing CDI episode. These findings were not affect-
ed by an initial CDI therapy choice (eg, metro-
nidazole, vancomycin, or fidaxomicin) in a sub-
group analysis.? A prespecified post hoc analy-
sis of patients at high risk for recurrent CDI (age
265 years, prior CDI, immunocompromised, se-
vere CDI based on Zar score >2, and infection
with virulent ribotypes 027, 078, or 244) dem-
onstrated superiority of bezlotoxumab in pre-
venting recurrent CDI compared with placebo if
at least one of these was present, but no bene-
fit to bezlotoxumab if none of these were pres-
ent.’®*! Ultimately, these factors may be helpful
in stratifying patients at risk for recurrence and
who may benefit from bezlotoxumab.

Conclusions  CDI continues to be a significant
clinical challenge and remains one of the most
significant causes of health care-associated mor-
bidity and mortality. Although overall incidence
of community-associated CDI has increased, ep-
idemiological trends in multiple different coun-
tries demonstrate a decreasing incidence of ribo-
type 027 in both community and health care set-
tings. CDl is a clinical diagnosis and depends first
on clinical judgment before any testing in order to
prevent overdiagnosis and improve pretest prob-
ability and interpretability. The optimal diagnos-
tic test or multistep algorithm remains contro-
versial, may be institution specific, and ideally in-
volves discussions with clinicians and the labo-
ratory to obtain proper samples for testing. Cur-
rent best practices for CDI prevention and control
continue to rely on antibiotic stewardship and
adherence to contact and isolation precautions.
Although asymptomatic C. difficile carriers like-
ly contribute to new cases of CD], it is current-
ly not recommended to screen for asymptom-
atic carriage. Treatment recommendations for
CDI have significantly changed. Metronidazole



is no longer considered a first-line therapy. Oral
vancomycin and fidaxomicin are now considered
first-line therapies for initial episodes of CDI and
first recurrence. There is a growing role for fecal
microbiota transplant and immunotherapies for
recurrent CDI.
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