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Clostridioides difficile therapeutics:

guidelines and beyond

Robert Orenstein"* and Roberto L. Patron

Abstract: Clostridioides difficile infection (CDI) has become an increasingly common infection
both within and outside of the hospital setting. The management of this infection has been
evolving as we learn more about the role of the human microbiota in protecting us from this
gastrointestinal opportunist. For many years the focus of treatment had been on eradication of
the vegetative, toxin-producing form of the organism, with little regard for its collateral impact
on the host’s microbiota or risk of recurrence. With the marked increase in C. difficile disease,
and, particularly, recurrent disease in the last decade, new guidelines are more focused on
targeting and reducing collateral damage to the colonic microbiota. Immune-based strategies
that manipulate the microbiota and provide a humoral response to toxins have now become
mainstream. Newer strategies are needed to look beyond simply resolving the primary
episode but are focused on delayed outcomes such as cure at 90days, reduced morbidity and
mortality, and patient quality of life. The purpose of this review is to familiarize readers with
the most recent evidence-based guidelines for C. difficile management, and to describe the
role of newer antimicrobials, immunological-, and microbiota-based therapeutics to prevent
recurrence and improve the outcomes of people with CDI.
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Introduction

Clostridioides difficile infection (CDI) has become
an increasingly common infection within com-
munities, hospitals, and long-term care facilities.!
Pseudomembranous colitis is not a new disease; it
was described in 1893 by Finney, and later asso-
ciated with antibiotic use in the 1950s, when
thought to be due to Staphylococcus aureus.?>
Following outbreaks in the 1970s associated with
clindamycin use, it became recognized that the
disease was mediated by Clostridium difficile tox-
ins.* Initial strategies for tackling this infection
were focused on infection control, reducing anti-
biotic utilization, and, when necessary, treating
with either oral vancomycin or metronidazole to
eliminate the causative organism. In the mid-
1990s, due to the spread of vancomycin-resistant
enterococci, the primary treatment for C. difficile
infection became oral metronidazole, which was
inexpensive and equally effective compared with

vancomycin. Unfortunately, the 21st century
brought a new North-American Pulsefield type 1,
Ribotype 027 (NAP1/027) strain of C. difficile,
which, in the setting of widespread fluoroqui-
nolone use, precipitated a global epidemic.>°
Metronidazole, which had seemed reliable for
many years, appeared to be associated with
increasing numbers of treatment failures.”10
Studies began to demonstrate it to be inferior to
oral vancomycin in severe disease.”!!

Overall cases of CDI began to significantly
increase in the 1990s.'213 Additionally, there
seemed to be an emerging epidemic of recurrent
disease despite treatment with either of the afore-
mentioned agents, particularly amongst the
elderly.'* More patients were failing traditional,
poorly studied regimens such as the vancomycin
pulse-taper, leaving clinicians with few therapeu-
tic options. The lack of evidence-based guidelines
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led to poor practice standardization and outcomes
for these persons. One ancient procedure, rarely
used in the US before the 1990s, the instillation of
healthy human feces into the dysbiotic gut of the
C. difficile patient, became increasingly used for
refractory disease, with anecdotal reports of high
rates of cure. A procedure [fecal microbiota trans-
plantation (FMT)], which most people previously
found distasteful, became the gold standard for
refractory and multiply recurrent disease.1®

The management of this infection has evolved as
we have begun to understand the role of the
human microbiota in protecting us from this gas-
trointestinal opportunist. Initial therapeutics have
evolved from a focus on eradication of the vegeta-
tive, toxin-producing form of the organism with
little regard for its collateral impact on the host’s
microbiota or risk of recurrence. These develop-
ments stimulated a new era in research, and the
development of therapeutics and guidance for
both C. difficile treatment and prevention, which
we will review in this paper. These new guidelines
have become focused on targeting and reducing
collateral damage to the colonic microbiota.

IDSA/SHEA 2018 guidelines

In 2018, the Infectious Diseases Society of
America (IDSA) and Society for Healthcare
Epidemiology (SHEA) published updated guide-
lines for the diagnosis and management of CDI.1¢
These guidelines address both a diagnostic as well
as a management approach to CDI.

Beginning in the early 2000s, it was recognized
that the enzyme immunoassays used to detect
C. difficile toxins lacked sensitivity. Clinicians
would often order multiple stool tests, or would
empirically treat those they suspected of disease in
the absence of a positive test. The introduction of
molecular testing by polymerase chain reaction
(PCR) for the C. difficile toxin genes (tcdA and
tcdB) greatly enhanced the sensitivity. An emerg-
ing challenge in the era of C. difficile molecular
diagnostics has been the overdiagnoses of patients
with diarrheal illness. Some studies have suggested
PCR-based toxin assays may be falsely positive in
up to 45% cases.!”1° To limit falsely positive sam-
ples, the IDSA/SHEA guidelines suggest testing
only those with three unformed (Bristol 6, 7) stools
per 24h in the absence of confounders that might
cause diarrhea. The recommended test is the two-
step, glutamate dehydrogenase antigen followed

by a toxin A and B EIA (GDH/Toxin) test, which
can be confirmed by PCR if the toxin EIA is nega-
tive. Repeat testing within 7 days is discouraged.
Newer diagnostic tests include a single molecule
assay.?? This assay has been found to be 97.7%
sensitive and 100% specific.2® However, one recent
study found it was not possible to differentiate
those with symptomatic disease wversus asympto-
matic carriers based upon the single molecule or
quantitative Gene EXPERT (Cepheid Corp)
PCR.2! Thus, the first step in managing CDI is
appropriate diagnostic stewardship.

Once the diagnosis is appropriately made, one
needs to decide the initial therapy of CDI as it may
impact the long-term outcome of the disease. Prior
to the 2018 guidelines, either oral metronidazole
or vancomycin was recommended for a first epi-
sode of mild-to-moderate disease. However, more
recent studies showing lower responses in metro-
nidazole-treated patients, have led the guidelines
to no longer recommend metronidazole as first
line therapy.! Prior to 2000, four trials of metro-
nidazole in mild-to-moderate disease showed
only a 2.5% failure rate.!'® However, post-2000,
five trials indicated an 18.2% primary failure rate
with metronidazole therapy wversus only 2.8% for
oral vancomycin.”819 However, there remain
some studies that have continued to show compa-
rable success with metronidazole in mild dis-
ease.!! The updated guidelines recommend either
oral vancomycin or fidaxomicin over metronida-
zole for the initial episode of CDI regardless of its
severity.

What is new in these guidelines is the addition of
fidaxomicin as first line therapy based upon several
well conducted trials.16:22-24 In a trial conducted by
Louie and colleagues, clinical success at the end of
treatment with fidaxomicin 200 mg twice daily for
10days was 92% wersus 90% for oral vancomy-
cin.??2 However, the recurrence rate at 28days
post-treatment with fidaxomicin was significantly
lower (15 versus 25%) in those uninfected with a
NAP1 strain. Thus, fidaxomicin offers the advan-
tage of equal effectiveness to vancomycin in the
short term, but Dbetter long-term results.
Unfortunately, 20—30% of patients still have recur-
rent symptoms after completion of therapy.

Recurrent CDI
Recurrent CDI (rCDI) is a major problem. There
was a 189% increase in incidence between 2001
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and 2012.* The predictors for recurrence
include: age >65 years, prior CDI, recent or cur-
rent antibiotic exposure, lack of antibody to tox-
ins A or B, and exposure to acid suppressive
medications. 425

For patients who experience a recurrence,
defined as absence of symptoms on treatment
followed by recurrent symptoms off treatment,
the IDSA/SHEA guidelines have been updated
from previous work. If patients received vanco-
mycin for the initial episode and then recur, they
should either receive oral fidaxomicin for 10 days
or a vancomycin taper-pulse regimen for their
initial recurrence. Though not included in the
guidelines, data from two randomized trials of
bezlotuxumab,?® suggests those with risk factors
for recurrence could consider an intravenous
infusion of bezlotuxumab to prevent recur-
rence.?’ Bezlotuxumab is a monoclonal antibody
against C. difficile toxin B, which is given concur-
rently with oral antibiotic therapy directed against
CDI. Its half-life is 19days, so it may carry
infected people through the window of vulnera-
bility of 21 days where they are at greatest risk for
recurrence.?® A subgroup analysis of two large
trials suggests that those with prior CDI within
6 months, clinically severe CDI, >65years of
age, or immune suppressed receive the greatest
benefit, close to a 50% reduction in rCDI.27 One
could consider this approach in the high risk
rCDI patient who needs to complete a concur-
rent course of systemic antibiotics.

Management beyond the first recurrence is prob-
lematic for CDI-focused antimicrobials. Each
successive course of vancomycin worsens the
microbiota diversity index and may predispose to
future recurrences.?® Recurrent disease has sig-
nificant impact on both the patient and health-
care facilities. Recurrent disease is associated with
increased morbidity, delays in chemotherapy,
more frequent hospital admission, greater likeli-
hood of ending up in a skilled nursing facility, and
higher costs.3° Additionally, recurrence contrib-
utes to the reservoir for healthcare-acquired
infection.

For patients who have multiply recurrent disease,
traditional antimicrobial-therapy-based approaches
are only modestly effective. Options recom-
mended in the guidelines include the vancomycin
pulse and taper (VPT) regimen. In one trial, this

resulted in a 62% cure rate in those with greater
than two preceding CDI episodes.?! However,
recurrence of diarrhea still occurred in 28% of
patients, requiring retreatment. This is debilitat-
ing and frustrating for patients, as, at this point,
most have already received in excess of 4 months
of antibiotic therapies.

One suggested alternative antimicrobial approach
for recurrent disease, cited in the guidelines, has
been to use a 20-day course of oral rifaximin
400mg three times daily after completing initial
retreatment with oral vancomycin. This regimen,
called the ‘rifaximin chaser,’ has been effective in
50% of patients with multiply recurrent dis-
ease.32:33 Unfortunately, rifaximin remains expen-
sive, and insurers are often reluctant to cover its
cost for this unapproved use.

Recent studies have suggested that this is the
place where fecal microbiota therapies have great
value.15:3%35 Most trials of FMT have shown a
single administration of product by nasoenteric
route, enema, capsule or endoscopic administra-
tion via the upper or lower GI tract has between
a 65% and 95% success rate of cure.!%3*
Administration of FMT restores the stable and
diverse colonic microbiota. The IDSA/SHEA and
ACG Guidelines all endorse the use of microbi-
ota therapeutics for multiply recurrent disease;
however, FMT remains an unapproved, investi-
gational procedure that requires either an investi-
gational new drug application (IND) or
performance under the enforcement discretion
rules of the United States Food and Drug
Administration (FDA).3> Because FMT is inves-
tigational, and its short- and long-term risks are
not yet known, informed consent and compre-
hensive screening of stool donors is essential. On
June 13, 2019, the FDA issued a statement
describing a new safety concern due to inade-
quately screened fecal microbiota used for trans-
plant. Two individuals became colonized with a
multiply resistant Escherichia coli from the donor,
and one immune-compromised subject died
due to an infection with this organism. The
FDA advised all centers operating under
enforcement discretion and INDs that donor
screening must include screening for risk of
multiply resistant organisms colonization as
well as testing of the donor stool for these.3¢
Due to these requirements, access to centers
performing FMT may be limited compared with
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accessibility of medications, leading to some
patients being treated for months, or indefinitely,
with oral vancomycin.

The role of the microbiota in protection against
enteric infections is complex. It includes coloni-
zation resistance, altered immune signaling, pro-
duction of bacteriocins, and alterations of the gut
metabolome. Several studies suggest that one
mechanism by which FMT may prevent CDI is
by restoration of secondary bile acids that inhibit
CD sporulation,37-38 which are depleted following
antimicrobial therapies.

Ursodeoxycholic acid (UDCA), a secondary bile
acid used for treatment of biliary diseases, may be
of value as a surrogate secondary bile acid to pre-
vent rCDI in those who cannot get FMT. UDCA
is being used as a replacement for deoxycholic
acid. A recent uncontrolled study of 16 subjects
with rCDI, who received prolonged adjunctive
UDCA 300mg three times daily, was promising,
with a reduction of CDI recurrence.?®

Clearly, improved strategies are needed to treat
and prevent recurrent CDI. One such strategy
was tested in the Extend trial.4° This was a rand-
omized, open label, controlled trial conducted in
Europe amongst persons with less than 3 previous
CDI episodes. Subjects were randomized to
either vancomycin 125mg four times daily for
10days or fidaxomicin 200mg twice daily for
5 days, followed by every other day from day 7 to
25. The primary efficacy outcome was clinical
cure at 30days after the end of treatment, but
subjects were also analyzed at 90 days post treat-
ment. The recurrence rate at day 30, with the
extended pulsed fidaxomicin (EPF) regimen, was
4% (wversus 19% for vancomycin) and 6% (19%
for vancomycin) at 90days. The hazard ratio of
CDI recurrence at any time after day 10 for a van-
comycin treated patient was 3.8-fold higher than
the EPF group. The number needed to treat with
EPF was 6.6. From this and the other compara-
tive studies of fidaxomicin and vancomycin, it
appears that sustained clinical cure is achieved in
around 15% more patients treated with fidax-
omicin based regimens.*! The weaknesses of this
study were a lack of comparison with standard or
pulsed tapered vancomycin regimens and worse
outcomes with severe disease.

Because of the lack of effective regimens for these
multiply recurrent cases, other novel antimicrobial

approaches have been explored, with some anec-
dotal reports of success. These include novel uses
of fidaxomicin, including pulse taper regimens.*?

Lee and colleagues recently reported a small open
label trial of a prolonged fidaxomicin course:
200mg twice daily for 10days followed by once
daily for 20days in subjects with multiply recur-
rent CDI.#2 Of the 29 enrollees, 11 had multiple
prior FMTs. The primary endpoint of this study
was the clinical response at day 30 post treatment:
83% (24/29) had a complete response at day 30;
76% (22/29) at week 8 and 73% (8/11) who had
multiple previous FMTs had a complete response
(CR) at week 8.43 The more selective impact of
fidaxomicin on the recovering microbiota may be
responsible for these improved outcomes.

Development of new therapeutics for CDI has
thus focused on less disruptive antimicrobials to
the colonic microbiota. Recently studied agents
include surotomycin, cadazalid, and ridinilazole.

Unfortunately, both cadazolid and surotomycin
development have been halted due to lack of effi-
cacy in clinical trials.#* Ridinilazole was found to
be superior to vancomycin in phasell clinical
trials, with a sustained clinical response of 67%
versus 42% for vancomycin.%

Ridinilazole has moved into phaselll trials.
Several other antimicrobial agents are in early
stages of development.46

Because concurrent antibiotic use is commonly a
risk factor for recurrent CDI, agents that block
their impact on the intestinal microbiota are being
explored. One strategy is the administration of
a beta-lactamase, SYN-004 (ribaximase) given
concomitantly with ceftriaxone, which degrades
the beta-lactam before it can impact the intestinal
microbiota.*” Unfortunately, these agents would
only be useful with beta-lactam antibiotics.

Fecal microbiota transplantation

The simplest way to restore the colonic microbi-
ota is by reinstilling it from a healthy donor.
FMT, the instillation of processed stool from a
healthy human donor into an ill person has
become the therapy of choice for multiply recur-
rent CDI.1%:48-53 Prevention of recurrence of CDI
following FMT has ranged from 70% to 90%
in both observational and randomized clinical
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trials.#9-33 FMT has also been valuable in severe
disease and has been associated with improved
quality of life.5°

The challenges of FMT include availability, het-
erogeneity of the donors and their samples, dos-
ing and pharmacology, modes of administration,
and safety monitoring. However, demand for
FMT products exceeds supply and has led to the
creation of several repositories or stool banks.
The largest of these in the USA, Open Biome, has
provided processed stool samples for oral, endo-
scopic, and enema-based delivery throughout the
USA for both clinical trials and direct patient
management.

Studies evaluating the role of FMT have been
heterogeneous. After many uncontrolled observa-
tional studies appeared to show this to be benefi-
cial, with success rates in the 90% range, Dutch
investigators performed the first randomized trial
demonstrating the superiority of nasoduodenal
FMT wversus vancomycin.’>® Since that time, sev-
eral randomized controlled trials have demon-
strated similar efficacy.>-5¢ European investigators
have used FMT for first recurrence, and, more
recently, looked at FMT for treating a first CDI
episode.>>

A recent Danish open label, randomized study>°
compared oral vancomycin or fidaxomicin to
FMT performed via colonoscopy or nasojejunal
following a short therapeutic course of CD antibi-
otics. Clinical resolution and a negative PCR test
for CD toxin at 8 weeks post treatment was seen
in 71% of the FMT group wversus only 33% with
fidaxomicin and 19% for vancomycin. Though
impressive, the success rates with oral vancomy-
cin and fidaxomicin seem low compared with
other studies. Because of the hurdles of FMT,
and the opportunities to develop new microbiota
therapies, several companies embarked on the
development of FDA-approved microbiota
replacement therapeutics via the traditional clini-
cal trials pathway. Both Seres Therapeutics and
Rebiotix have conducted advanced phase clinical
trials to address the safety and effectiveness of
their microbiome therapeutics.>3:57

Seres 109, is a stool-based ecobiotic composed of
the Firmicute spore fraction of stool from healthy
donors. In an early trial of Seres 109, 86.7%
(26/30) subjects with rCDI were C. difficile free at
8weeks post treatment.5” The Rebiotix product,

RBX 4660, a standardized whole microbiota prod-
uct from healthy stool donors, which is adminis-
tered as an enema, was demonstrated to be safe
and effective in its phasell, phase IIb, and open
label historical control trials.533% Ongoing late
stage placebo controlled trials of these microbiota
therapeutics are being conducted by Rebiotix,
Seres, and Finch Therapeutics in the USA.

Two additional strategies for managing recurrent
C. difficile have received less attention. These
include a nontoxigenic C. difficile strain, which
colonizes the GI tract and may prevent infec-
tion,>® and several C. difficile vaccines which thus
far have had limited value.

Newer studies are evaluating combinations of
specifically cultivated microbial mixes from stored
microbial libraries based upon data implying the
role of specific microbes in protection against
CDI.5®

Once patients have had CDI, they remain at risk
of recurrence.!® Current strategies have focused
on preventing disruption of the microbiota when
antimicrobials are required for other infections.
Often, patients with rCDI acquired this due to
antibiotic treatments for frequent urinary tract or
respiratory infections. In the licensing trials of
fidaxomicin, 28% of subjects received concomi-
tant antibiotic therapy during, or within, 4 weeks
of treatment of their CDI, which increased their
risk of recurrence by 50%.%° A strategic approach
to antimicrobial choices with lower risk of trigger-
ing CDI is needed. Though virtually all antibiot-
ics can trigger recurrent CDI, those that achieve
low colonic concentrations, or are active versus
C. difficile may be less likely to cause recurrence.

Doxycycline appears to have a low risk of precipita-
tion of CDI.¢! This agent could be used in respira-
tory and skin and soft tissue infections to minimize
CDI risk. For UTTs, avoidance of antimicrobials in
asymptomatic bacteriuria, and the use of ibuprofen
or D-mannose for symptomatic cystitis may be a
strategy worth exploring. When antibiotics are
needed for cystitis, oral fosfomycin or nitrofuran-
toin would be preferred over beta-lactams and fluo-
roquinolones for susceptible organisms.

When broad spectrum antibiotics cannot be
avoided, one strategy has been the use of low dose
oral vancomycin prophylaxis (OVP).862 In the lat-
ter, retrospective, study, subjects received oral
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vancomycin during concomitant antibiotics and for
up to 1week after. The majority received 125 or
250mg of oral vancomycin twice daily along with
their systemic antibiotics. Those receiving OVP had
an 88% reduction in recurrent CDI (4.2% wversus
26.6%). Similarly, in high-risk allogeneic stem-cell
transplant recipients given 125 mg oral vancomycin
twice daily from the time of inpatient admission
through post-transplant discharge, the sustained
clinical cure rate amongst these persons was 95.6%
(86/90) at 90days versus 80% in the controls.®>

In a cohort of renal transplant recipients, vancomy-
cin 125mg twice daily was given along with broad
spectrum antibiotics and compared with controls
who did not receive OVP. None of the OVP sub-
jects developed CDI wversus 8% of the controls.5%65

Tariq and colleagues recently performed a meta-
analysis of all available OVP studies, and reported
no significant decrease in risk of CDI in patients
who received OVP for primary prevention but a
67% reduced risk for secondary prevention, par-
ticularly in those at highest risk.%® Thus, this strat-
egy may be useful in those with a high risk of
recurrence. Another question that arises is the
role of preventive vancomycin or fidaxomicin for
individuals with a history of rCDI who have
undergone a prior FMT. A recent study in 404
such subjects found that 8.1% of the entire cohort
developed rCDI. Those receiving non-CDI anti-
biotics had an 8.44 relative risk of developing
CDI. However, there was no difference in those
who received concomitant CDI prophylaxis ver-
sus those who did not.%7 In this latter study, those
who received preventive probiotics actually had a
higher risk for rCDI. Similar data looking at the
primary role of oral probiotics (Bio-K+ -
Lactobacillus  acidophilus CL1285, L. casei
LBC80R, and L. rhamnosus CLR2) failed to
reduce hospital-onset CDI in a practical study of
over 1500 patients.%® In a critical review of the
role of probiotics for CDI by the CADTH, the
authors concluded that there remains inadequate
evidence to support the use of various probiotics
for the prevention of CDI.%°

Future perspectives

A more strategic approach to the management of
CDI is emerging. This involves a three-pronged
attack: appropriate antibiotic  stewardship,
enhanced diagnostic stewardship, and a focus on
improving long-term outcomes.

Starting with the best initial treatment regimen
may reduce this risk of recurrence of CDI. A
more individualized approach that focuses on
those at greatest risk for both short- and long-
term complications may improve outcomes.
Though previous studies focused on short-term
outcomes, newer trials like the EXTEND trial
need to focus on what happens to these patients
over a much longer window of time. These
patients will often require further systemic anti-
microbials. The use of targeted antimicrobials,
selective use of bezlotuxumab, and microbiota
replacement therapies may not only reduce the
individual risk for recurrence, but also have the
potential to reduce the reservoir of infection.

Rather than subject our patients to suboptimal regi-
mens and risk for recurrence, proactive strategies
that reduce risk to those receiving concomitant
antimicrobials should be further studied. Currently
available targeted antimicrobials and microbiota
replacement therapies may benefit those patients
who require systemic antimicrobials.

For years, our approach to HIV prevention was to
provide education and implement infection pre-
vention measures (i.e. condoms and safe sex). In
spite of these efforts, new infections continued at
the same rate. We have used the same approach
for CDI; education and infection prevention have
not limited the burden of the epidemic. New ther-
apeutic approaches, more effective treatment as
prevention, may be a new strategic approach to
controlling this disease.
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