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Clostridiu is the leading infectious cause of antibiotic-associated diarrhea and colitis. This
has dri arch on improving the prevention, primary treatment, and reduction of
recurrenceEf C. di‘icile infection. This review summarizes current therapy recommendations for C.
difficile infé&tion and indicates areas of improvement that new emerging drugs and treatments hope

to address.:
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Abstract I

Clostridimmudiffigilenis the leading infectious cause of antibiotic-associated diarrhea and colitis.
C/ostridiun&i;fici/e infection (CDI) places a heavy burden on the health care system, with nearly half
a million infectiops yearly and an approximate 20% recurrence risk after successful initial therapy.

as driven new research on improved prevention such as the emerging use of
probiotics, I al microbiome manipulation during antibiotic therapies, vaccinations, and newer
antibiotics ce the disruption of the intestinal microbiome. While the treatment of acute C.
difficile is Wn most patients, it can be further optimized by adjuvant therapies that improve
the initial t success and decrease the risk of subsequent recurrence. Lastly, the high risk of
recurrence has ledfto multiple emerging therapies that target toxin activity, recovery of the
intestinal community, and elimination of latent C. difficile in the intestine. In summary,
CDls illustr mplex interaction among host physiology, microbial community, and pathogen

that requir&@s specific therapies to address each of the factors leading to primary infection and
recurrence.

(O

Introd
Clostridium di Infections
Clostri is a toxigenic, Gram positive, spore-forming bacterium that can infect the

gastrointestinal tract and cause mucosal damage. People can become infected by C. difficile after
intestinal rflicrobiota disruption through mechanisms such as the usage of antibiotics. Once infected
with C. dif] ) cal manifestations range from asymptomatic colonization to mild diarrhea and

colitis to seg inant colitis and potentially fatal toxic megacolon. C. difficile causes nearly half a

million infe r year in the United States alone’, and costs up to $1.5 billion dollars annually in

attributable care expenses’.

omembranous colitis was first described in 1893, it was not known to be
associated with angibiotic usage until 1974**. Even then, C. difficile was not known to be the
causativﬁd/fﬁcile, first isolated from newborns in 1935, was not identified as a leading
cause of a ssociated diarrhea and pseudomembranous colitis until 1978*°. At that time, C.
difficile infml) was seen as a treatable nuisance disease that did not necessitate specific

therapy or the lopment of new treatments®. However, the emergence in the mid-1990s and
early 2 DI epidemics caused by strains belonging to the type NAP1/BI/027 led to an increase
in inciden orbidity that galvanized the development for new therapeutics, monitoring, and

testing”®.
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The first step of any treatment begins with the correct identification of the disease. While C.
difficile is a leading cause of antibiotic-associated diarrhea, it is not the only causative agent. As
there are strains of nontoxigenic C. difficile that are incapable of causing disease and a high rate of
asympt age of toxigenic strains, accurate diagnosis cannot depend solely on identifying C.
difficile in t
toxigenic

7

Instead, diagnosis of C. difficile is dependent on two factors: (1) identification of
or its toxins or histopathologic or colonoscopic evidence showing
pseudomembranous colitis; and (2) signs of clinical disease such as three or more unformed stools
within ﬂ mﬁographic evidence of ileus, or toxic megacolon®. There are many diagnostic tests
and algorihiagnosing C. difficile, each with strengths and weaknesses. Testing can include
the followinglas &jgher single tests or as part of a multi-step algorithm: EIA-based toxin A/B tests,
PCR-basedWaucleici@cid amplification tests (NAAT) for tcdB, or glutamine dehydrogenase tests (when
paired with one of the prior toxin tests). The various testing algorithms have been summarized in the
recent 201 EA guidelines®. The main goal is to identify only those patients that require
treatment ta#elassify them in terms of severity potential and post-therapy recurrence risk. A

recurrent | is defined as symptom onset and stool specimen positive for C. difficile 2 to 8
weeks following th€ last positive specimen during previous treatment of primary CDI. Such

classifications help guide therapy and determine which targeted therapeutics to use, since emerging
CDI therap!s are being developed to specifically address prevention, treatment, and recurrence

reduction.

Cu@rapies are mainly directed at addressing primary CDI with the use of antibiotics

such as van as well as treating recurrent disease with vancomycin or fidaxomicin. In
repeat t disease, additional current approaches use antibiotic tapers, antibiotic
adjuvants, | microbiota transplants (FMT)®. Newer therapies are being developed and put
into practj uce initial infection; these include probiotics and vaccines. New treatments can
also re of recurrence and severe disease with narrow spectrum antibiotics,

immunotherapies, and microbial replacement therapies. In this review, we will summarize the
current thdfapy recommendations and indicate areas of improvement that new emerging drugs and
treatment

How the pis of C. difficile informs treatment approaches

The enesis of C. difficile infection represents the complex interaction between
pathogen,

address.

ost, and native microbiota (Fig. 1). Spores can be spread by both asymptomatic carriers
and sy tients, necessitating the isolation of infected individuals and the appropriate
cIeaninthhcare environment. The initial phase of C. difficile infection occurs when spores
enter the intestinal system and local environmental factors trigger germination and growth of
vegetative cells. PSwary bile acids (e.g., taurocholic acid, cholate) act as germinants during in vitro
10,11

experimen ycine as co-germinant™ . Native members of the microbiota have the capacity

dehydroxylate primary bile acids into secondary bile acids, some of which have
12-14

to deconju

shown ibitory to vegetative C. difficile™"". Antibiotic-mediated alteration of native bacteria

in the micro n impair primary bile acid conversion to secondary bile acids, leading to an

environment that promotes C. difficile sporulation and vegetative growth®.
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Once C. difficile vegetative cells have grown from the spores in the colon, they produce the
toxins TcdA, TcdB, and binary toxin. Specific strains of toxigenic C. difficile produce different levels
and subsets of these toxins. For example, certain strains can produce TcdA and TcdB but not the
binary t - nd TcdB enter the cell by binding to specific cellular receptors found on intestinal

epithelial cg fter endocytosis, acidification of the endosome leads to conformational changes

inactivates specific enzymes such as the Rho GTPases through glycosylation. This leads to both
cytopatHc 5 cy!otoxic downstream effects by altering the cytoskeletal structure, epithelial
permeabilih

of the toxi eases the N-terminal glucosyltransferase domain into the cytoplasm. This domain

lI-to-cell junctions, as well as by activating the inflammasome and apoptosis*”*%.

ien of the epithelium, C. difficile infection can cause diarrhea and lead to

rough systemic effects such as sepsis, shock, peritonitis, and bowel perforation
as the intestine becomes compromised.

Tafget€d alitibacterial therapy can be used to reduce intestinal C. difficile levels. However,
even with successful treatment and clearance, a median of 21.6% of patients wiII experience
recurrent disease With an increased risk to reoccur following each recurrence. The high recurrence
risk highlig portance of restoring the colonization resistance against C. difficile.

ions between host, pathogen, and microbiota in CDI presents multiple
opportunit e development of novel therapies that target specific steps in pathogenesis. For

example, emergingtherapies can reduce the risk of CDI by lowering the effect of systemic

antibiotics .\ ing the levels of primary bile acids, increasing secondary bile acids, and restoring

the native pta’s ability to convert primary bile acids to secondary bile acids. While there is no

r
univers definition of narrow-spectrum antibiotics, it is accepted in the field that this
refers to anti that affect a smaller range of bacterial groups, such as those affecting only Gram

positive . In contrast, broad-spectrum antibiotics are those that affect multiple classes of

bacterid,

se impacting both Gram positive and Gram negative bacteria, including
anaerobic bacteria. It has been shown that specific broad-spectrum antibiotics may cause further
dlsruptlon the native gut bacteria, leading to increased risk of recurrence. As such, emerging
therapies t the recovery of native bacteria post-CDI treatment include narrow-spectrum
antibiotics for more rapid recovery of native bacteria and bacterial replacement therapies
such as spé m erial communities delivered by enema or oral ingestion. C. difficile cells and

toxins can a rgeted by preformed antitoxin and anti-C. d/ff/C//e antibodies or by anti-C.

reduce

vegetatIH toxins

Conventloggement of CDI

Initial ma nt after diagnosis

tient is diagnosed with CDI, any inciting antibiotics should be discontinued if

20,21

possible”™ ", Initial management may also include decreasing proton pump inhibitors and anti-
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motility agents, which have been associated with the severity of CDI** and the subsequent risk for
recurrence®.

The next siep is to determine the severity of the illness, as this will guide the therapeutic
approacMcertlain treatments recommended based on severity. In the 2018 IDSA/SHEA
guidelines, @ ere (mild to moderate) disease is defined as diarrhea occurring with white blood
cell count <08;00@%eeks/mL and serum creatinine <1.5 mg/dL. Severe CDI is defined as CDI with
white bjgoggeeksearnt >15,000 cells/mL or serum creatinine 21.5 mg/dL. Lastly, severe and
complicates CDl is defined by systemic signs of infection and evidence of hypotension, ileus, or toxic
megacolon®=;

O

Current manggement recommendations

C. diffieile ds resistant to many antibiotics, including fluoroquinolones and macrolides, with
an increas istance to rifampin seen in the 027 strains®>?®. As indicated in the 2018 IDSA/SHEA
guidelines, the treSment of CDI is determined by severity and recurrence state. For primary CDI,
non-sever is treated by vancomycin (125 mg orally 4 times daily for 10 days) or fidaxomcin
(200 mg or
orally 3 ti

es daily for 10 days). If neither is available or tolerated, metronidazole (500 mg
daily for 10 days) can be used instead®. For severe CDI, the recommendation is

vancomycin (125 mg orally 4 times daily for 10 days) or fidaxomcin (200 mg orally 2 times daily for
10 days). | vere and complicated, vancomycin (500 mg 4 times daily given orally or by
nasogastri n be given with IV metronidazole (500 mg every 8 hours). If ileus is present,
vanco i given by rectal enema in addition to the oral vancomycin and IV metronidazole. If
surgical in jon is necessary, rectal sparing subtotal colectomy or diverting loop ileostomy with
colonic lav wed by vancomycin flushes are recommended. For recurrent disease, the first
recurre d with a standard course of vancomycin (125 mg orally 4 times daily for 10 days)
if the previous CDI was treated with metronidazole. If the previous course was not metronidazole,
the recurrelt case is treated with vancomycin taper (e.g. 125 mg orally 4 times per day for 10-14
days, 2 timhy for a week, 1 per day for a week, and lastly every 2-3 days for 2-8 weeks) or

fidaxomici g orally 2 times daily for 10 days). For the second or subsequent recurrences,

vancomyci ancomycin (125 mg orally 4 times daily for 10 days) followed by rifaximin chaser
(400 mg 3 times

can be use@. FMT can be considered for the second or subsequent recurrence, but is not

daily for 20 days), or fidaxomicin therapy (200 mg orally 2 times daily for 10 days)

recom rimary CDI or a first recurrence’. Treatment management and dosing schemes

are preWure 2.

metronidazole was recommended for mild to moderate CDI as a cost-effective

treatment, while va@ncomycin was used for metronidazole intolerance and/or if the patient has an

increased risk of recurrence. However, recent clinical trials and a meta-analysis have shown that
vancomycifgi erior to metronidazole for non-severe CDI, with a percentage resolution of 87%
compa % for metronidazole. The 2018 IDSA/SHEA guidelines indicate the use of vancomycin
or fidaxomicin on-severe CDI, with metronidazole reserved for cases when the other two drugs

are not available or tolerated”.

This article is protected by copyright. All rights reserved.



Fidaxomicin is a narrow-spectrum, nonabsorbable macrocyclic antibiotic that inhibits the
bacterial RNA polymerase B subunit (rpoB) and has been found to be noninferior to vancomycin in
success rate in multiple Phase Ill trials, but shows substantially reduced rate of recurrence?.
FidaxomH
RNA synthegiS®ig
the intesti @
and more robust recovery of the microbiota after treatment. Fidaxomicin shows similar clinical cure
rates with smrecurrence rates”***. While fidaxomicin is more costly than vancomycin, the

treatment r the overall cost by reducing recurrence rates if used to treat patients with a

high recurrggice figk””>>.
Addii , studies have been done on using alternative fidaxomicin dosing regimens for

treating prm recurrent CDI by looking at clinical cure rate and recurrence reduction. Soriano
n

tericidal activity against C. difficile by inhibiting RNA polymerase and disrupting

e narrow-spectrum activity of fidaxomicin potentially maintains the stability of

biota at a higher level, leading to a more transient loss of colonization resistance

etal

shoWe ase study of patients with multiple recurrent CDI that only 2 out of 11 patients
(18%) had recurrence when given fidaxomicin in a tapering dose regimen as compared to 3 of 8
patients (38%) thawere given only fidaxomicin as a chaser twice daily for 10 days. These patients
received t ing or tapering regimens after a standard CDI antibiotic therapy. This study
indicated t i micin chasers and tapered regimens could help prevent recurrence in patients
experiencis multiple recurrent CDI. However, the study was not randomized and had a low sample
size, requi e studies to further evaluate these findings.

EXecent randomized, controlled, Phase Illb/IV trial, compared the effects of
C c¢ ‘

extended-p axomicin treatment (200 mg orally given twice daily for days 1-5, once daily

every o days 7-25) to vancomycin treatment (125 mg orally 4 times a day for 10 days)

for primary a
124 of 1
only 10 %) patients receiving the vancomycin treatment achieved a sustained clinical cure
at 30 days after treatment (P = 0.030, odds ratio 1.62 [95% Cl: 1.04-2.54]). Additionally, the
extended—%lsed fidaxomicin treatment resulted in lower recurrence at 90 days (6%) compared to
tment (19%) (P = 0.00073, odds ratio 0.29 [95% Cl: 0.14—0.60]). This study
tended-pulsed fidaxomicin treatment was better clinical cure for the patients as a

rrent CDI. Of the patients receiving the extended-pulsed fidaxomicin treatment,
o) achieved a sustained clinical cure at 30 days after treatment, while in comparison

the vanco
showed th;
whole, witf

edugld recurrence®. However, this study was not powered to look directly at this
treatment f ts starting with recurrent CDI, and the study also showed that extended-pulsed
fidaxomicifitreatment may be inferior for severe CDI. Lastly, the study did not compare standard
fidaxo or extended-pulsed vancomycin therapy to the extended-pulsed fidaxomicin.
Future sHed to look at the effectiveness of this treatment for multiple recurrent CDI and

to compareyi tiveness to standard fidaxomicin and extended-pulsed vancomycin therapy.

La ifakimin is a nonabsorbable rifamycin formula that acts to inhibit bacterial RNA

synthesis by bindiag to bacterial DNA-dependent RNA polymerase. Although rifaximin has a broad

vity, it appears to only minimally disrupt the intestinal microbiota and has high
. difficile®, but resistance may develop rapidly. Rifaximin has shown potential as an
adjuvant to conveftional therapy for recurrent disease as a chaser, with one study finding that

patients who received rifaximin after conventional therapy experienced recurrence at 15%, and
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those who received a placebo after conventional therapy experienced a 21% recurrence rate®**’. A

small retrospective study of 32 patients treated with rifaximin for recurrent C. difficile infections
found the treatment to be safe and with no recurrence of CDI after 12 weeks in 17 patients (53%
As such,H not used for primary therapy, but can be used as a chaser to vancomycin to

reduce rec iarrhea®3”%.

Areas 8% ifiprovement and targets for emerging therapies

)38.

w nt therapies lead to successful treatment of mild to moderate disease, there are

improvemefits né@ded. CDI therapy success requires the resolution of diarrhea with absence of
severe ab inaldiscomfort for more than two consecutive days. Although successful treatment

any as 18.9% to 27.3% of patients do not respond to treatment and experience

Additionally, the high severity disease and the significant rate of recurrence are
ets"for emerging therapies.

The US Naional Library of Medicine’s records of clinical trials pertaining to C. difficile

infections arp increase in the number of clinical trials since the early 2000s that follows the
increase in cidence of inpatient CDI per 100,000 hospitalizations observed from HCUPnet
data (Fig. 3%8**. This highlights the importance of developing new therapies to address the increase

in incidence of CDI. While a large portion of the clinical trials are studying topics ranging from

optimizing ntibiotic protocols and dosing and FMT, many trials are studying emerging
therapies t t prevention, primary therapy, and/or reducing and treating recurrence (Fig. 4).

These i rapeutics are discussed below and are organized by which phase of pathogenesis
they target: ntion, primary therapy, or recurrence (Fig. 1).

Prevention of CDI

Thggigh incidence of CDI necessitates the development of strategies aimed at reducing

intestinal changes caused by systemic antibiotics, restoring colonization resistance and

native bac munities, as well as reducing sporulation, colonization, and toxin production by
C. difficile. ent emerging therapies are: B-lactamases targeted at reducing systemic B-lactam
antibiotic di of intestinal bacteria; oral probiotics and bacterial replacement to restore
bacteria asgociated with colonization resistance; vaccination to produce anti-C. difficile antibodies

targeti getative cells, and toxins; and therapies targeting toxin damage and CDI

develop“olonized (Table 1).

B-Iactama:am antibiotics are associated with increased risk for subsequent CDI. By reducing

the amount o e B-lactam antibiotic reaching the intestinal bacteria while preserving systemic
drug ac n-absorbable B-lactamases potentially prevent the loss of natural colonization
resistance YN-004 (ribaxamase) is a recombinant B-lactamase manufactured by Synthetic

Biologics that is derived from P1A, a B-lactamase isolated from Bacillus licheniformi, and it is
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formulated for oral dosing that aims to reduce the effects on intestinal microbiota of B-lactam
antibiotics that are given systemically. Preclinical trials in dogs showed that SYN-004 was well
tolerated, minimally absorbed, and had no measurable effects on the systemic levels of co-
adminisHenous ceftriaxone®. These results supported the progression of SYN-004 to
clinical trialg

the Gl trac

Phase | clinical trials showed that SYN-004 was well tolerated and remained localized to the

al studies further showed that SYN-004 was capable of degrading ceftriaxone in

and reduced microbial changes in the gut of pigs treated with ceftriaxone*. Two

intestings‘ul |wo Mase I clinical trials confirmed that SYN-004 is capable of degrading systemically
administer“am antibiotics that enter the intestines®. A recently completed Phase Il clinical

ility of SYN-004 given orally in a 150 mg dose to prevent CDI in patients with a

ct infection receiving IV ceftriaxone (NCT02563106). Results have not yet been
posted. One l[imitation for B-lactamase treatment is that it will only be useful for patients receiving
ntibiotics. Non-B-lactam antibiotics that have a high risk for CDI, such as
damycin, would not be affected by a B-lactamase.

Probioticsms are “live microorganisms that, when administered in adequate amounts,
conferah efit on the host”*’. The aim of probiotics when used for CDI prevention is to
restore bacieni ociated with colonization resistance that may have been disrupted by systemic
antibiotic gage (Fig. 5). While probiotics have the potential to prevent CDI, more research is needed

to determi patients would benefit from probiotic treatment and what the long-term side

effects of administration are®.
BioWi obiotic manufactured by Bio-K Plus International containing three bacterial

species s acidophilus (CL1285), Lactobacillus casei (LBC80R), and Lactobacillus

rhamnosus fter an outbreak in the 284-bed community hospital Pierre-Le Gardeur (PLGH) in
Quebec patient on antibiotics was prophylactically given Bio-K within 12 hours of the
antibio n. For 10 years, 44,835 inpatients were observed and it was found that rates of
CDI dropped from 18 cases per 10,000 patient-days to 2.3 cases per 10,000 patient-days. The rates
for C. diffiﬁ infections at this hospital were found to be lower than comparable Canadian hospitals.

No lactoba teremia was observed and it was concluded that Bio-K was safe and efficacious™.

In a compl e Il trial, Bio-K prophylaxis after antibiotic usage reduced antibiotic-associated
diarrhea a cile-associated diarrhea. Patients either received two capsules per day (Pro-2) or
one capsule (Pro-1). Patients received the probiotics within 36 hours of antibiotic initiation

and continfled to receive the probiotics 5 days after antibiotics were concluded. Patients were
followe ys after discontinuation of the probiotic. The incidence rates for antibiotic-
associat“for Pro-2, Pro-1, and placebo were 15.5%, 28.2% and 44.1%, respectively. Rates
of Clostridi iffiei/le-associated diarrhea for Pro-2, Pro-1, and placebo were 1.2%, 9.4% and 23.8%,
respectively. Additibnally, the duration of antibiotic-associated diarrhea was reduced (2.8 days for

ro-1, and 6.4 days for placebo)®. These results indicate that Bio-K and similar
probiotics ¢ efficacious for the prevention of CDI subsequent to antibiotic exposure.

SL3) is a refrigerated probiotic manufactured by Alfasigma that consists of eight
different live strains of bacteria, including: Bifidobacterium breve, Bifidobacterium longum,

Bifidobacterium infantis, Lactobacillus acidophilus, Lactobacillus plantarum, Lactobacillus paracasei,
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Lactobacillus delbrueckii subsp. bulgaricus, and Streptococcus thermophiles®. VSL#3 was shown in a
Phase II/11l trial (NCT00973908) to reduce the rate of antibiotic-associated diarrhea when given as a

prophylaxis to average-risk hospitalized patients (0% for VSL#3 versus 11.4% for placebo). In this
/Hatients received a VSL#3 sachet twice a day for the duration of their antibiotic

course and

The study @ @ bserve any cases of C. difficile-associated diarrhea in either the VSL#3 or placebo

groups>". In this study, adverse event rates were found to be similar between the VSL#3 and placebo

groups.*ur er studies are needed to determine which populations of patients would benefit from
this proph i rapy and to study the ability of VSL#3 to prevent CDlIs in high-risk patients.

VSL#3 couldgls tested for its ability to reduce recurrence.
HO estore is a four-strain probiotic manufactured by DuPont consisting of

study, t
ek after, while the placebo group received a placebo sachet twice daily instead.

Lactobacill hilus, Bifidobacterium lactis Bl-04, Bifidobacterium lactis Bi-07, and Lactobacillus
paracasei n a randomized dose—-response study, patients treated with antibiotics were
given either high-dose HOWARU Restore, low-dose HOWARU Restore, or placebo as a preventative
measure. Antibiofig-associated diarrhea was lower in the probiotic groups, with rates of 12.5, 19.6,
and 24.6% igh dose consisting of 1.70 x 10'° colony-forming units (CFU), the low dose
consisting 10° CFUs, and the placebo, respectively. Both probiotic groups had reduced
levels of C.\gifficile-associated diarrhea, with rates of 1.8% in the probiotic groups and 4.8% in the

placebo gr . NO adverse events were found to be related to HOWARU Restore, with the adverse
event rate %, 4.2% and 7.2% in the high dose, low dose, and placebo groups, respectively.
An early Phase | (NCT02207140) was recently completed with results pending that studied the
effects Restore on healthy elderly patients and the resulting levels of C. difficile and

changes iscobial diversity in fecal samples.

al clinical trials have been or are being performed looking specifically at the ability
of Lact eri probiotics in the prevention of antibiotic-associated diarrhea or C. difficile
infection. A Phase Ill trial was recently completed and another clinical trial is currently recruiting

(NCT0129118, NCT02127814). In the completed Phase lll trial, patients in the treatment arm were

given a che blet containing 1 x 10® CFUs of L. reuteri (produced by BioGaia AB) once per day
during thei ic treatment and then continued for seven days after their antibiotic treatment
was conclu ults have not yet been posted.

Vaccin£natic carriage of C. difficile is associated with a decreased risk of developing CDI.

AdditiorMnt's levels of antibodies against C. difficile toxins correlates inversely with the

development of recurrent disease®*>*. As such, the development of vaccinations against C. difficile

and its toxins has Se potential to prevent not only the initial disease but recurrence as well (Fig. 5).
Vaccines h ar advantages and limitations to probiotics. As they are preventative in nature, it

is important rmine which patients would benefit from vaccination.

C84) is a recombinant vaccine developed by Valneva that is composed of truncated
e toxins A and B. In a Phase | trial of 51 adult and 50 elderly patients, VLA84 was
well tolerated and induced high levels of antibodies against C. difficile toxins A and B*°. A Phase II

portions of C.
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trial (NCT02316470) was completed in 2015, in which patients were divided into four groups
receiving either VLA84 75 ug without Alum (150 patients), VLA84 200 pg without Alum (150
patients), VLA84 200 ug with Alum (150 patients), or placebo (50 patients). The vaccination schedule
consiste scular injections into alternating deltoid regions at day 0, 7, and 28. The results
again show

would be potential preventative treatments that could be given to high-risk populations to protect

againstFut € !Bls
AC%— DIFF is a toxin A and B vaccine developed by Sanofi that is given parenterally. It

was found t; be safe in adults and elderly patients in two Phase | trials (NCT00127803,
NCT00214261)58. ?he optimal dosing was tested in Phase Il trials, with one finding that giving a
high dose lvith_adj_uvant (100 pg antigen + AIOH) at 0-7-30 days resulted in the greatest immune
responsesg.APhgse [l trial (NCT01887912) was discontinued and the vaccine research as a
whole was discontinued by Sanofi following a discouraging interim analysis®.

it induced seroconversion in up to 83% of participants for antibodies against both

toxins Aa up to 97% against toxin A alone®’. If successful, VLA84 and similar vaccinations

PF@O is a vaccine developed by Pfizer composed of genetically modified toxins A and
B from C. difficile °~°*. The drug has completed multiple Phase | and a single Phase Il trial so far, with
se Il trial active (NCT02561195) and a Phase Il trial (NCT03090191) currently recruiting.
trial has three groups: high-dose (200 pg) vaccine, low-dose (100 ug) vaccine,
and placeb ition, these three groups are split into two vaccination schedules. The vaccine is
givenina mcination schedule by 0.5 mL intramuscular injection. The first vaccination
schedule is day 1,°8 and 30 and the second schedule is month 0, 1, and 6. Results from this Phase llI
trial ar y being reported, with an indication that the vaccination is leading to increased anti-
toxin A antibo rs, although no statistical analysis has been performed yet. Further study is

i

require efficacy in preventing CDI.

another P
The curren

CDVAX is a novel oral vaccine against C. difficile that utilizes spores from a genetically
modified bacterium to produce an oral vaccine that may induce strong mucosal immunity. This
differs frorL)
tract. Rece r@ ase | trial (NCT02991417) for CDVAX vaccination against C. difficile was

le vaccines as the antigens will be presented from the mucosal side of the Gl

inical research is needed to test the efficacy and safety of CDVAX .

Lactofe@. For CDI to develop, C. difficile has to colonize the intestines and produce

mucosal dﬁage Ifding to symptoms such as diarrhea. If therapies are developed to target C.

terminated

difficile gr , toxin production, and mucosal damage, CDI can be prevented even if the intestinal

microbial y is disrupted (Fig. 5). Elevated levels of fecal lactoferrin and increased WBC
count has n to be associated with increased CDI severity®. Utilizing rat intestinal epithelia

cells (IEC-6), Ot

t al. showed that lactoferrin has the potential to reduce the cytotoxic damage of
B®. In an in vitro chemostat gut model, Chilton et al. showed that lactoferrin delays
and reduces toxin production®. There are two currently recruiting clinical trials

testing lactoferrin. The first (NCT02626104) is looking at using lactoferrin prophylactically during
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initial antibiotic usage for pediatric patients to reduce antibiotic-associated diarrhea. In this study,
children will receive either 100 mg of oral lactoferrin twice daily for the duration of antibiotic
treatment or they will receive a placebo of 100 mg of oral maltodextrin twice daily. The second study
(NCTOOQH

feeding tub

oking at the use of lactoferrin to prevent CDIs in long-term care patients with
equire broad-spectrum antibiotics. In this study, patients in the treatment arm

will be give f@rrin at a concentration of 5 mg/mL during the enteral feeding system flush cycle,

consisting of 600 mL per day. This will be started at the beginning of the first day of antibiotic

treatme-nt E continued eight weeks following the last antibiotic dose. The results from this study

will hopef ine if lactoferrin will prove to be an effective treatment worthy of additional
study. O
Treatmentmy CDI: reducing severity and increasing clinical cure

If the"ons€t of CDI cannot be prevented, additional emerging therapies are needed to reduce
mucosal d “@isease severity, and the risk of recurrence. As the highest mortality is associated
with sever plicated CDI, therapies given shortly after the diagnosis of CDI, which aim to
reduce the f C. difficile cells and toxins, reduce toxin damage at the mucosal barrier, and

help restorg the microbiota, can potentially reduce the progression to severe and complicated CDI
(Table 2).

all

Antibiotics. On€%fea of interest is the development of new narrow spectrum antibiotics that have
ative bacteria. This would allow for the native bacteria to recolonize and

less of
reestablish du DI therapy, potentially reducing disease severity and reducing recurrence in the
future (Ei dditionally, some CDI cases are resistant to standard antimicrobial therapy,

necessitating the development of novel antibiotic therapies for treating these resistant cases.

Caizolid is a hybrid fluoroquinolone-oxazolidinone antibiotic produced by Actelion
Pharmace

that acts by inhibiting protein synthesis and to some extent inhibiting DNA

se | trials, cadazolid was well tolerated and minimally absorbed, with high
|68,69

synthesis®’.

concentratjo d in the stoo . Cadazolid inhibits sporulation, toxin production, and is

bactericidal. A*¥PHase |l trial (NCT01222702) studied the effectiveness of different doses of cadazolid
compared ycin in patients with CDI. The four treatment groups were: 250 mg cadazolid
twice dmts), 500 mg cadazolid twice daily (22 patients), 1000 mg cadazolid twice daily
(20 patientg), or 126 mg vancomycin four times daily (22 patients). All treatments were given for 10
days. InMadazolid treatment showed lower recurrence rates compared to vancomycin
treatment Ecompared to 50% recurrence) and cadazolid showed higher sustained clinical

cure rates %460% compared to 33.3%). There was no evidence for an effect of dosage of
i#iPn, cadazolid treatment was well tolerated’. Two Phase IlI studies have been

a third currently suspended. The recently completed Phase lll trials are being
cy, with one appearing to achieve the primary endpoint and the other failing to
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meet the primary endpoint of clinical cure rate”. The formal analysis of these two studies will be
needed to determine the efficacy of cadazolid for the treatment of CDI.

CR§3123 (REP3123) is a novel narrow-spectrum antibiotic produced by Crestone Inc that acts
by inhibitii bacterial methionyl-tRNA synthetase, with high activity against Gram positive bacteria

and C. diffi @ bw activity against Gram negative bacteria’>’®. CR$3123 was reported to reduce
spore for eadafiekiexin formation in a hamster model”. One Phase | trial found CRS3123 to be
well tolggatecatgiutiple doses (100 mg, 200 mg, 400 mg, 800 mg, and 1200 mg) and the indicated
safety of tHfé drug supported further research into its efficacy’>. Further research is necessary to test
the efﬁcachlz.% for the treatment of CDI.

LF@emisynthetic thiopeptide produced by Novartis Pharmaceuticals that acts on
Gram positi eria by blocking protein synthesis’. In a Phase Il study (NCT01232595)

completed_in 301?:, LFF571 was found to be minimally absorbed and had high retention in the
intestines’®. In this study, adults experiencing primary or first recurrent CDI were randomized to
receive either LFF571 (200 mg) or vancomycin (125 mg) 4 times daily for 10 days. LFF571 had a
noninferior clinical cure rate (90.6%) compared to vancomycin (78.3%), with a potential to have
a lower recurrence rate (19% versus 25%)’’. LFF571 treatment had more adverse events than
vancomyciQ (76.1% versus 69.2%) but had less adverse events suspected to be related to the
treatment (32.6% versus 38.5%).

M a hybrid fluoroquinolone-oxazolidinone produced by Morphochem that has a
water-solu ug formulation termed MCB3837 that can be given by IV, making this therapy an
option d complicated C. difficile infections when oral therapy fails. It has been shown to
have activ inst Gram positive bacteria, including C. difficile, but limited activity against Gram
negative b ch as those native to the human gut’®®. A Phase | study where 12 healthy
volunte en daily intravenous infusions of 6 mg/kg MCB3837 over 12 hours for five days

showed little impact on microbiota and suggested the drug was well tolerated®. Phase II/Ill trials are
being plang@ed currently and the FDA designated MCB3837 as a Qualified Infectious Disease Product
(QIDP) for ent of CDI®.

Nit@zoxanide is believed to be a noncompetitive inhibitor of the pyruvate
ferredoxin/flag:loxin oxidoreductases produced by Romark Pharmaceuticals®. Currently,
nitazoxanid_e is FDA approved for treatment of cryptosporidiosis and giardiasis, and is given by tablet
orally (500 n&) every 12 hours for 3 days, with possible adverse side-effects of abdominal pain,
nausea, headache, or discolored urine®*. Nitazoxanide (500 mg twice per day for 7 or 10 days) was
shown tHar clinical cure and recurrence rates for CDI versus vancomycin (125 mg 4 times
per day for; and metronidazole (250 mg 4 times per day for 10 days)*®°. However,
nitazoxanide is m expensive than metronidazole, limiting its use for primary CDI¥’. A Phase Il trial
(NCT00304 wi

twice dail

results currently being reported is looking at the use of nitrazoxanide (500 mg
eatment for CDI that has failed to be cured by metronidazole or vancomycin.

in is a glycolipodepsipeptide that disrupts cell wall biosynthesis by binding to

88

peptidoglycan *°. It has been shown to be non-absorbable, and to bind to spores and kill vegetative
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C. difficile cells in vitro. This may indicate a potential use for ramoplanin as a preventative measure
to reduce risk of initial disease or reduce recurrence by binding to spores and then killing the ones
that germinate®. A Phase Il trial comparing treatment using ramoplanin versus vancomycin for CDI
showed cal response rates with 400 mg ramoplanin (71% versus 78%) and similar

sustained clififé@Mgesponse rates (83% 200 mg ramoplanin, 85.2% 400 mg ramoplanin, 85.7%
vancomycll clinical trial has been approved by the FDA.

BidiRilazele (SMT19969) is a narrow-spectrum, non-absorbable novel antibiotic produced by
Summit Th;apeutics that potentially impacts cell division, but the mechanism is still not fully
understood™. se | trial studied the safety of oral doses of up to 2000 mg of ridinilazole.
Ridinilazolgftvas sh@wn to have minimal effects on the microbiota and was not measured at high

I*. A Phase Il trial with 100 patients with CDI compared 10-day oral
nt (200 mg every 12 hours) to 10-day oral vancomycin treatment (125 mg every 6

serum leve Phase | tria
ridinilazole fge
hours). Thisitr
vancomycin (679

wed that ridinilazole caused a higher sustained response rate compared to

o Vs 42%) as well as a reduction in recurrence (14.3% vs. 34.8%)%. There were no
necessitated discontinuation of ridinilazole, and the adverse events were similar
between rigimi and vancomycin treatment. An additional Phase Il trial (NCT02784002) was

completedﬁomparing ridinilazole to fidaxomicin; study results are being analyzed.

Su
Pharmaceutj

adverse events t

(CB-183,315) is a bactericidal cyclic lipopeptide originated by Cubist
currently developed by Merck & Co that acts to dissipate the membrane

potential ile®®. Surotomycin given to two treatment groups, either at 125 mg twice daily or
250 mg twi
infectio to vancomycin that was given at 125 mg 4 times daily for 10 days

Phase Il trial,

or 10 days, was shown in a Phase |l trial to reduce recurrence of C. difficile

%9 In this

e events were similar between both surotomycin arms and the vancomycin arm.
Howeve mycin (250 mg given orally twice daily for 10 days) failed to achieve noninferiority
versus 125 mg given orally four times daily for 10 days) in a recent Phase Il trial
(NCT01597505), with initial cure rates of 79% versus 83.6% and sustained clinical response rates of

60.6% ver§ 61.4%°°. An additional Phase IIl trial (NCT01598311) was recently completed studying

the effecti surotomycin treatment (285 patients; 250 mg twice daily for 10 days) compared
to vancom ment (292 patients; 125 mg vancomycin four times daily for 10 days) for patients
with confir . The study showed that surotomycin was noninferior to vancomycin for clinical

response at of the trial (83.4% versus 82.1%), but surotomycin failed to demonstrate

superiorityffo vancomycin in clinical response over time and sustained clinical response”’.
Tigecyclinggis a glycylcyline produced by Pfizer that acts by binding to the 30S ribosomal

subunit Mlng protein translation by blocking tRNA molecules from entering the A site of the

ribosome’® approved for treatment of community-acquired pneumonia (100 mg by IV
once, with given every 12 hours thereafter for 7 to 14 days), complicated

skin/subcutaneousgnfection (same dosing but for 5 to 14 days), and complicated abdominal

dosing but for 5 to 14 days)®. Tigecycline has cured CDI in case reports; however,
100,101

infectio
pooled indicate an association with higher mortality . An interventional clinical trial
(NCT01401023) w

vancomycin or metronidazole with the addition of IV tigecycline (100 mg once, followed by 50 mg IV

re patients received standard C. difficile-associated diarrhea treatment of
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every 12 hours after) for the duration of hospitalization (approximately 7-14 days) was completed in
2013, with findings on clinical cure not yet reported. A recent retrospective observational study
found tigec‘cline c§mbination therapy with vancomycin £ metronidazole to be safe and effective for

102

the trea vere—complicated CDI™".

Toxin Binders. nders are molecules that have been shown to sequester toxins, and some
have thEa d8FORaT ability to bind to pro-inflammatory factors. While current studies into the use of
toxin bind t CDI have not proven successful to a large extent, it is important to consider

them as theygcould potentially be effective if the right formulation is discovered. Given orally, these
binders entéer the lmen and can be used during CDI to reduce the mucosal damage done both by

the toxins an he host immune response. In this way, binders have the potential to reduce
disease severi efully lowering the number of cases of severe and complicated CDI cases (Fig.
5). Howev e inders could also bind pharmaceuticals, so they should not be co-administered

with stand py if found to bind to standard drugs®’. As this is an important consideration,
newer binders aimito reduce pharmaceutical cross-binding.

Calci minosilicate anti-diarrheal (CASAD), developed by Salient Pharmaceuticals, has
been showfl to sequester C. difficile toxin A and B with limited off-target protein binding'®®. Similar
to other bi "WFCASAD can preferentially bind to C. difficile toxins without binding to antibiotics,
then this cg ce the severity of disease and potentially reduce recurrence risk. A Phase Il trial

mpting to study the effectiveness of adding CASAD given in 500 mg capsules

eoretically help reduce the immune response to the infection and decrease
sis. Further research is needed to study the effectiveness and safety of CASAD
for CDI treatment.

GTs7—OO4 (tolevamer) is a polystyrene binder developed by Sanofi that is proposed to

sequester & toxins A and B. It was shown in a Phase |l trial to be noninferior to vancomycin

treatment o moderate CDls, with the potential to reduce recurrence'®. However, the
analysis ofe Il trials showed that tolevamer (563 patients received 9 g loading dose
followed by 3 g every 8 hours for 14 days) was inferior to both metronidazole (289 patients received
375 mg every 6 hours for 10 days) and vancomycin (266 patients received 125 mg every 10 hours for
10 days imigahicure of CDI (44.2%, 72.7%, and 81.1%, respectively)®. Adverse events were

similar Mree treatment groups. A third Phase Ill trial (NCT00466635) was terminated and
it is doubtf ditional development of this compound will be pursued.

GT160-2468s a high molecular—weight soluble anionic polymer produced by Sanofi that has
been shown in hamsters to reduce mortality from CDI, and in vitro data suggest GT160-246 can
ivity of toxin A and B'®. A GT160-246 Phase | trial showed it to be safe and well
se Il trial (NCT00034294) comparing GT160-246 to vancomycin for the treatment of
C. difficile-assocli

d diarrhea was completed, with results not currently posted.
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Host response modulation. One target for reducing disease severity as previously mentioned is
regulatinﬁ Ee hos'esponse in order to reduce host-derived mucosal damage during CDI treatment.
Alanyl-glut@mine is a dipeptide that has been shown to have potential therapeutic effects in
reducing C4a atoxin damage in intestinal epithelial cells (Fig. 5). Rodrigues et al. showed that
alanyl-glutamineg@duees apoptosis and increases intestinal cell proliferation in mouse intestinal
cells (IEG6)gaagigexPosed to C. difficile toxin B'*®. Santos et al. additionally showed in IEC-6 cells
that alanyllutamine treatment reduced TcdA toxin damage and increased RhoA expression,
h 197 ‘Using intestinal loop models, Warren

suggesting ial explanation for the protective effects

et al. showgd thatfyreatment with ATL 370 (an adenosine A2A receptor agonist) and alanyl-

glutamine Ileal secretions, apoptosis, mucosal injury, and levels of KC and IL-10 after C.
difficile toximA sure’®. A Phase Il clinical trial (NCT02053350) testing the efficacy of alanyl-
glutamine upplement (44 g orally daily for 10 days) during treatment of CDI was terminated

due to low enrollment. Further clinical trials are needed to test the efficacy of alanyl-glutamine in
treating primary CBIs and reducing disease severity.

AntibodiesiAs disease is caused by the toxins produced from C. difficile, one potential goal during
primary th he neutralization of toxins with anti-toxin antibodies. While specific monocolonal
and polyclg gAgibodies are being studied for their effectiveness in preventing recurrence (as

rapy for severe CDI was terminated because it was unable to receive IVIG for
ntly active clinical trial (NCT02730325) studying the effects of giving SBI (10.0 g
twice per day) on ulcerative colitis in patients who tested positive for C. difficile and who are on

Monoclon

vancomycin, Further study is needed to determine the efficacy of IVIG or SBI during severe CDI.
hyclonal antibodies directed against C. difficile are an alternative that requires

eir effectiveness during therapy of CDI.

Ad M , IMM-529 is a polyclonal antibody developed by Immuron that has shown cross-
reactivity with C. difficile vegetative cells, spores, and toxin B. IMM-529 is currently being tested in a
Phase I/I1 tffal (NCT03065374) for the treatment of CDI'®®. The study aims to determine the safety
and tol M-529. Patients will receive standard of care treatment for CDI in addition to

either IWO mg orally 3 times daily) or placebo.

Bowel Pre:ethod of reducing C. difficile cell and toxin burden is to flush the luminal content
i using bowel preps after CDI is diagnosed and before standard therapy (Fig. 5).

rmulation of the osmotic laxative PEG 3350 and electrolytes produced by Braintree
ecruiting Phase IV clinical trial (NCT01630096) will study the efficacy of oral
lavage by giving Nu-Lytely after the diagnosis of CDI, before antibiotics are started. In this study,

Laboratori
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patients testing positive for CDI will be assigned to either a control group or the osmotic laxative
group in which they will be given the PEG 3350 solution in 8oz volume every 10 minutes until 6 liters
are ingested. An additional 2 liters may be ordered if necessary. Both groups will then receive

standar ibiotic treatments. Further results are needed to determine if oral lavage before
standard tr, will reduce disease severity by lowering the C. difficile bacterial and toxin load in
the Gl trac

I
Preventinthing recurrent CDI

Wmian recurrence of 21% and a high rate of re-admissions and cost associated with

recurrent oping novel therapies to prevent recurrence and treat recurrent CDI will have a

111,112

d
substantial impagt on patient morbidity, as well as on the healthcare burden of CDI . There are
two distingl{ tréatnient goals concerning recurrent CDI that could be optimized further. The first is

r

reducing ini urrence in patients experiencing primary CDI, and the second is treating therapy-
resistant p at are experiencing multiple episodes of recurrent CDI. As mentioned in the
primary th tion, many of the emerging antibiotics potentially offer a reduction in recurrence
risk followin rd therapy, including ridinilazole, LFF571, MCB3681, and ramoplanin.

Additionally, probiotics used for prevention could potentially be also used to help recover the
natural mi ollowing standard therapy (Table 3).

Fo nd goal, with subsequent recurrence risk increasing after each unsuccessfully
treated rec isode, it is important to develop novel therapies that specifically treat recurrent-
prone i T has been shown to be effective at treating recurrent CDI and preventing
further re s, human-derived fecal matter is difficult to standardize and has multiple potential
risks, includi ransfer of infectious material and long-term consequences of inoculating the gut
with a material. As such, research is ongoing to develop new agents for treating

recurrent CDI. These agents include antibodies directed against C. difficile cells and toxins as well as
standardizs bacterial replacement cultures and mixtures (Table 3).

IV Antibodje
recurrent diseas€ and anti-toxin antibody levels

in regions | damage and help lower the intestinal damage caused by toxins. This may help
increas ry of the healthy mucosal layer and assist in the recovery of the natural

microbiotalleadin'to restoration of colonization resistance (Fig. 5).

archers have found an inverse correlation between the development of

>35> Antibodies given intravenously enter the lumen

Ac is a human monoclonal antibody against C. difficile toxin A and bezlotoxumab
(MK-6072-001) is ahuman monoclonal antibody against toxin B developed by Merck. Two Phase I
clinical tria FY I and MODIFY Il) studied the ability of these two antibodies to reduce the
recurrence 2655 patients. In these trials, it was shown that the addition of bezlotoxumab
(10 mg on) to the standard of care antibiotics for primary or recurrent C. difficile infections
resulted in a ate of recurrence compared to the placebo (MODIFYI: 17% versus 28%;

MODIFY II: 16% versus 26%) and a higher sustained clinical cure compared to the placebo (64%
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versus 54%). The addition of actoxumab (10 mg/kg infusion) alone did not decrease recurrence, and
in combination with bezlotoxumab (10 mg/kg infusion of both bezlotoxumab and actoxumab) it did
not increase efficacy compared to bezlotoxumab alone'®®. The adverse event rates were similar
among t nt groups. These results indicate that antibodies targeted against toxin B are a
potential theP@®Wfor reducing recurrence in high-risk patients. A recent computer model-based
analysis ha§p gfed that bezlotoxumab will be cost-effective for the prevention of recurrence in
patients receiving standard of care antibiotics for CDI"****>. A new Phase Il trial (NCT03182907)
studying-t m of bezlotoxumab (10 mg/kg infusion) in addition to standard antibacterial
treatmentihn with C. difficile infections is currently recruiting. Bezlotoxumab (10 mg/kg

infusion) is glirrefgly FDA approved for the prevention of recurrent CDI in patients currently on
treatment for CDIAnd who are at high risk for recurrence™°.

Polyclonalmbodies. Unlike IV antibodies, which enter through the bloodstream, oral
antibodies Gl lumen directly. If polycolonal antibodies are used, the oral antibodies can be
designed to targetlot only toxins, but also spores and vegetative cells. By reducing the burden of
spores and ive cells, these treatments can reduce the chance of recurrence. Through

neutralizamins, these therapies can additionally protect against Clostridium toxin damage,
n

assisting i ration of the mucosa and microbiota (Fig. 5).
Co s a type of milk produced during pregnancy that has high levels of antibodies to
provide paSsiv unity to infants. Immunization of pregnant mares and cows with C. difficile

proteins results in the production of antibodies that can be obtained from the colostrum and used

therap . Colostrum from mares immunized with toxin A and B binding domains was able to
block the cytot ctivity of the C. difficile toxins A and B'"”. Repeated immunization of a pregnant
cow Wi inant mutants of toxin A and B produced hyperimmune bovine colostrum (HBC)

117

that was able to reduce the disease severity of CDI in piglets~. Similarly, HBC was shown to prevent,
treat, and reduce recurrence of CDI in mouse models'*®. A Phase I1/11l clinical trial (NCT00747071) to
test the efhi

withdrawn.

safety of colostrum-derived antibodies for the prevention of CDI was
her clinical trials are needed to assess the ability of colostrum-derived antibodies to

&
MucoMilk is a whey protein concentrate 40% (WPC-40) enriched with polyclonal-antibodies

deveIoped‘y MucoVax that is produced from the milk of cows immunized with formaldehyde-
inactiv jffigi/e cells and toxin filtrate. As it is given orally, the antibodies will be available on

prevent, tri educe recurrence of CDI.

the lumi i have the potential to target spores, vegetative cells, and toxins. In a hamster
model, hamsters infected with C. difficile died when untreated with WPC-40, while hamsters treated
with WPC-40 had Sr 80% to 90% survival, depending on the formulation. In preliminary data, 16

patients w ere given WPC-40 three times daily for two weeks following standard antibiotic
therapy. The 0 was well tolerated and none of the patients experienced recurrence (median
follow- ays, range: 35 days to 1 year)'". A 60-patient Phase II/Ill trial (NCTO0177775) testing
the efficacy ty of MucoMiilk in the prevention of recurrence of C. difficile was completed in
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2005 and results are not posted yet. Further study is required to test the benefit of MucoMilk
following standard antibiotic therapy to prevent recurrence.

ment. While the exact reason for the loss of colonization resistance is unknown,

erial replacement during FMT has shown that restoration of certain components

of the mic ective in treating recurrence. Decreased microbial diversity is associated with
recurret JTOFSE™®_ Future research is needed to find the specific community members needed to
restore colw resistance. Emerging therapies are being developed to address this aim with the

goal of standardiged bacterial replacement therapeutics to restore the natural microbiota (Fig. 5).

SER&L09 isfa capsule consisting of bacterial spores derived from screened human donor
stool. The F ignated SER-109 as a Breakthrough Therapy and Orphan Drug'*’. Khanna et al.
found thatmpotentially prevents CDI recurrence within an 8-week follow-up period in
patients experienf€ing recurrence, presumably through diversification of the gut microbiota and
recovery omcolonization resistance'®”. A Phase Il (ECOSPOR) double-blind, placebo-controlled

trial enroll ients with multiple recurrent CDI to test the safety and efficacy of SER-109 to
reduce recu f CDI. After patients had completed antibiotic therapy for CDI, they were split
into SER-1@8 (59 patients) and placebo (30 patients) groups. The SER-109 group received one oral
dose of SE 10 bacterial spores) after completion of antibiotics, while the other received
the placeb from the Phase Il (ECOSPOR) trial indicate that SER-109 did not meet the

primary e r reducing CDI recurrence overall. However, in high-risk populations (in this case,

those 65 years or older), SER-109 treatment showed reduced recurrence rates (45% versus 80%
recurre . Two Phase Ill trials (ECOSPOR I[1l-NCT03183128, ECOSPOR IV-NCT03183141) are
currently recruj

peutics is also developing another oral microbiome therapeutic called SER-262,
which is a manufactured microbial therapeutic that, in contrast to SER-109, is a defined microbial
communityliconsisting of the spores of anaerobic, commensal bacteria produced by in vitro
fermentati\h

not an undefined consortium derived from human stool. SER-262 is currently

infection. |

being testegfft*aRbase | trial (NCT02830542) for adult patients to prevent recurrent C. difficile
@ 31, patients receiving standard of care antibacterial treatment for primary CDI will

be assigned to experimental groups with single doses ranging from 1 x 10* to 1 x 10® CFUs or
multiple dd8es ranging from 1 x 10” to 1 x 10® CFUs. This study will examine the safety, tolerability,

ER-262 to prevent CDI recurrence.

H probiotic consisting of Clostridium butyricum produced by Osel that is given by

oral admini imm C. butyricum lacks toxins associated with CDI and has been shown to be safe'*.
A Phase Il trial (NCII01077245) testing for the ability of CBM588 to reduce recurrence after CDI

therapy, in whic tients with confirmed CDI will receive standard of care antibacterial therapy in

CBM588 (2g per dose) or placebo twice daily for 42 days, was suspended for lack
uture clinical studies need to be performed to test the efficacy of CBM588 in

preventing CDI rrence 2.
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MET-2 (Microbial Ecosystem Therapeutics 2) consists of a live microbe community derived
from healthy donor stool developed by NuBiyota. A small 20-patient Phase | pilot study
(NCT02865616) is currently recruiting to test the safety and efficacy of MET-2 in treating recurrent
CDlin pH
who are exp
days and t @

loading dose they can

have experienced at least two prior C. difficile episodes. In this study, patients
ing a case of recurrent CDI will be given an initial loading dose of MET-2 over 2

ntenance dose of MET-2 over 8 days. If the patients do not respond to the first
be offered a second, higher dose of MET-2. Patients experiencing failure of the
second Eo mawe offered a higher dose given by colonoscopy. Further research will be needed to
test its safoficacy in preventing recurrence of CDI.

RBX266 stool-derived standardized therapy consisting of a live bacteria suspension
developed tix. The suspension is given by retention enema and is derived from healthy

donors. A Phas rial in patients with a least two recurrences of CDI found it to be safe and
efficaciousml% of patients (27/31) achieving treatment success after one or two
treatments™". Two Phase Il trials (NCT02589847, NCT02299570) are currently active but not
recruiting,@ase [l trial (NCT03244644) is currently recruiting to study the efficacy of RBX2660
recurrent CDI. Results for an open-label Phase Il trial (Punch™
announced 4 ils2017, indicating a success rate of 78.8% for RBX2660 compared to the historical
control of 5.8% for the prevention of recurrent C. difficile infections'*”*%, The results of the active

clinical tria

in the trea Open Label) were

p address the relevant efficacy of RBX2660. Rebiotix has also made a lyophilized
RBX2660 termed RBX7455, which is stable at room temperature. RBX7455 is

d in a Phase | study for the prevention of recurrent C. difficile infection, and the
d129,130.

oral formu
currently bei

study Xpande

W
CP1
healthy
Track d
experiencing recurrent CDI were given encapsulated lyophilized fecal microbiota (dosing ranged
from 2.5 xslz bacteria in 24-27 capsules to 1.25 x 10" bacteria in 2—3 capsules). This initial study
observed a o (43/49) clinical success rate defined as no recurrent episodes over 2 months
following tHe€ k. CP101 is currently being tested in a recruiting Phase Il clinical trial
(NCT03110 ﬂ

orally administered capsule containing freeze-dried microbes derived from
onors and was developed by Finch. The FDA has recently granted CP101 the Fast

131

r the treatment of recurrent CDI™*". In a pragmatic cohort study, 49 patients

he treatment of recurrent CDI.

Non-to fficile. Similar to bacterial replacement, one emerging therapy is utilizing non-
toxigentho outcompete toxigenic C. difficile and prevent recurrent disease while the
native microbiota recovers (Fig. 5). This therapy may also be useful for prevention of CDI, similar to
probiotics. The cufllent clinical trials are looking at using non-toxigenic C. difficile for prevention or
recurrence

NTCD-M3) consists of spores from the non-toxigenic C. difficile (NTCD) strain M3.
een shown to be protective in hamsters against C. difficile challenge. A study in

healthy adults s ed that VP20261 was well tolerated and resulted in colonization of the Gl system
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following pretreatment with vancomycin™>. A Phase Il trial sponsored by Shire studied the safety
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and efficacy of VP20261 for the prevention of C. difficile in patients experiencing initial CDI or a first
recurrence. Patients were assigned to four groups receiving oral liquid VP20261 formulation of 10*
spores per day for 7 days (43 patients), 10’ spores per day for 7 days (44 patients), 10’ spores per
day for patients) or placebo for 14 days (44 patients). This study found that VP20261 was
able to colq
vancomyci

Be Gl tract of patients following successful treatment with metronidazole or
atment was well tolerated. Additionally, VP20261 treatment resulted in reduced
recurrence of CDI, with 13 of 43 patients experiencing recurrence in the placebo arm and 14 of 125
experien-ci %ence in the VP20261 treatment groups. Of the patients receiving VP20261,
recurrenceh

for patients that were successfully colonized (2 out of 86) compared to a

recurrence gf 318&for patients not successfully colonized (12 out of 39)™*.

Bile acid s tation. As particular secondary bile acids have been shown to be inhibitory to
vegetative Iffidlle, one possible therapy would be supplementation with secondary bile acids

during CDQEZM. This could reduce the levels of C. difficile in the gut by suppressing growth

and lead to a decr@ased rate of recurrence. A currently recruiting, Phase IV clinical trial
(NCT0274 il study the effects on the rates of CDI recurrence for urodeoxycholic acid (300 mg)

suppleme r two months in total given during and following standard CDI treatment.
Urodeoxyclicacid is being used as a surrogate for deoxycholic acid, a secondary bile acid.

Summary mng CDI therapies

ignificant morbidity and mortality while also placing a substantial burden on the

healthcare sys We currently have effective therapies for primary and recurrent infections, but
i nificant improvement to be had in the areas of prevention, disease severity reduction,

recurrence prevention, and treatment of recurrent CDI.

Wig an incidence reaching nearly 500,000 cases annually in the United States, there is a
substantial

directed CDI prevention therapies for susceptible patients. Already emerging
therapies ate g utilized in the clinic, with probiotics such as BioK and VSL#3 as examples. The
reduced systé antibiotics), restoring the microbiota with probiotics (BioK, VSL#3), or reducing the
ability (;Mw grow and thrive by directly targeting it with vaccinations (VLA84, ACAM-CDIFF,

main targe

ventative measures are reducing the initial microbial disruption (-lactamases or

PF-064 X) and growth modulators such as lactoferrin. With continued clinical trials and
developmanmt of pggventative therapies, reduction of CDI incidence may soon be in reach, with
significaMting effects on the CDI healthcare burden, patient morbidity, and patient
mortality.

On;‘:\s developed in a susceptible patient, the clinical goals shift to reducing severity,
nt CDI, obtaining clinical cure, and lowering recurrence risk. Development of

inders (calcium aluminosilicate, GT267-004, GT160-246) and immune modulators
(alanyl-glutam hich help to reduce the toxin damage caused by C. difficile and restore the

mucosa, may prevent severe CDI from developing and aid in the recovery of colonization resistance.
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Vaccinations, while seen as a method of prevention, may also act to decrease CDI severity by
potentially reducing C. difficile organism burden and toxin activity. Bowel prep solutions that reduce
luminal toxin levels and C. difficile organism burden may also help prevent severe CDI and increase

therape (Nu-Lytely). The development of antibiotics that are minimally absorbed and
oncentrations with high activity against C. difficile without broad activity against

@ a is promising for the therapy of CDI (cadazolid, CRS3123, LFF571, MCB3681,

nitazoxanide, ramoplanin, ridinilazole, surotomycin, tigecycline). The reduced activity against native

reach high

other nati

bacteria mi allow for more rapid recovery, potentially leading to lower severity and a decreased

recurrence
Evdn with\gffective therapy, elevated recurrence risk still persists for months after successful

clinical cur ach recurrence, the risk of subsequent recurrence increases ***. While novel

antibiotics ed to reduce the risk of CDI recurrence during primary treatment and may have a

role in treatingfeclirrent disease, additional therapies are needed to target the restoration of
colonization resistance. The emerging use of monoclonal and polyclonal antibodies against C. difficile
has shown succesSjin reducing the risk of recurrence when given with standard CDI therapy.
Determinati e best toxin motifs and which other C. difficile spore and vegetative cell

molecules will help increase the effectiveness of toxin neutralization and C. difficile
clearance f@llowing therapy. These treatments also could potentially be utilized for prevention and

during the duce severity, although directed clinical trials are needed to assess this
possibility. m lowering mucosal damage done by toxins and C. difficile, restoration of
colonizatiofe ce can be achieved by supplementing the microbiota with bacterial replacement
therapi - CBM588, MET-2, RBX2600, CP101). Alternatively, or in unison, non-toxigenic C.
difficile 1) can be administered in order to compete with toxigenic C. difficile cells and spores
that may be ing in the Gl tract or reintroduced during the high-risk few months following CDI
therap
Future dirherspectives

While™atge strides are being taken towards effective prevention, primary treatment, and

n, there are still gaps in our knowledge of CDI pathogenesis that would help

many labog@tories and fields to identify the exact species and microbial interactions necessary to
izatign resistance against C. difficile and what alterations to the Gl microbiota lead to
an increasgli sk. If these questions can be answered, specific bacterial replacement that is

reduce CDI rates. Additionally, if the specific alterations are known for the increased risk of CDI, such
ne species, tests can be developed to monitor patients receiving systemic
antibiotics or at high risk demographically to determine if preventative therapies are needed,
targeting the use of these preventative treatments to only those requiring them.

therapy, the direct mechanism leading to the development of severe and
complicated CDI needs to be determined to develop targeted therapies for lowering severity. For
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instance, if mucosal damage is in part caused by immune response, then immune modulators can be
utilized to reduce mucosal damage and protect against severe and fulminant CDI. Additionally, if loss
of specific members of the microbiota, C. difficile burden, or specificimmune states are associated
with theHnt of severe and fulminant CDI, these can be used to predict severity and allow
physicians atients prior to reaching the severe or fulminant state of infection.

In mthe first class of emerging therapies that will have substantial impacts on the
treatmegt giGRkisgharrow-spectrum, non-absorbable antibiotics. As research has shown that
antibiotic Satments that cause large scale disruption of the microbiome are associated with
increased e and other adverse outcomes such as sepsis, narrow-spectrum antibiotics such

as fidaxomi€in andpthers in development (Table 2) have the potential to reduce microbial disruption
during CDI t, leading to higher sustained clinical cure, lower recurrence rates, and reduced

adverse oums.
Whi¥@std®! products and bacterial replacements have shown considerable promise for

treating re DI, longitudinal and large-scale studies are needed to examine potential long-
term side ef;‘Ealtering the native bacterial community by the addition of therapeutic bacterial
communities. In the meantime, the use of narrow-spectrum antibiotics and other preventative
measures Educ: recurrent cases without the necessity of bacterial agents such as FMT, filtered
stool, or d terial replacement. While the long-term effects are studied, in our opinion

fer the development of pharmaceutical grade, FDA-approved filtered stool

products afid t & peutics, especially those with defined bacterial community structures. We
foresee that theS€types of therapies will become a preferred alternative to FMT if they are shown to

be effic afe.

, well defined bacterial communities with a single agent or limited taxa may be
increasi primary prophylaxis for the prevention of primary CDI*®. Through this
mechanism, the number of primary and recurrent cases of CDI could be further reduced. While
vaccines crgld be another viable preventative measure, they are currently not as effective and more

clinical tria needed to identify an efficacious and safe vaccine.

An @ t limiting factor for clinical deployment of preventative and recurrence
reduction t is the identification of patients who are at high risk of developing primary or

recurrent ho would benefit from these therapies. To achieve this risk stratification, large

studies are\tarting to be performed using medical data for the development of predictive models

138 If the risk of primary CDI or

for primary and recurrent CDI risk during a patient’s treatment
recurren ccurately predicted by microbial, systemic, or intestinal/colonic markers such as
specific ba3mmunity compositions or immune cytokine levels, then the more expensive but
effective therapiegysuch as bezlotoxumab, can be utilized to protect against future CDI. This will not

only increase the effective treatment of recurrent CDI, but also lower the cost to the healthcare

system b ing only those patients predicted to experience primary or recurrent CDI.

munity are making immense strides towards effective prevention and
management of C. difficile. The impact of these emerging therapies will not only affect CDI, but also
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other microbial illnesses that are dependent on an interaction between the host, native microbiota,
and pathogen.
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Table I. Emerging therapies targeted at prevention of CDI

Type

Treatment

Admin.

Current or
last phase
completed

Mechanism

Prevention

Primary
therapy

Recurrence
prevention/
treatment

ﬁ_

lactamase

ral

Phase Il
ongoing

A recombinant B-
lactamase from
Bacillus
licheniformi that
acts to reduce the
effect of systemic
B-lactam
antibiotics on the
intestinal
microbiota.

Microbial

Microbial

Oral

Phase IlI
ongoing

Probiotic
containing three
bacterial species:

Lactobacillus
acidophilus

(CL1285),

Lactobacillus casei
(LBC8OR), and
Lactobacillus

rhamnosus (CLR2).

Oral

Phase I1/111
completed

A refrigerated
probiotic
consisting of 8
different live
strains of bacteria:
Bifidobacterium
breve,
Bifidobacterium
longum,
Bifidobacterium
infantis,
Lactobacillus
acidophilus,
Lactobacillus
plantarum,
Lactobacillus
paracasei,
Lactobacillus
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delbrueckii subsp.
bulgaricus, and
Streptococcus
thermophile.

Microbial

Phase | Probiotic
complete containing four
strains:
Lactobacillus
acidophilus,
Bifidobacterium
lactis BI-04,
Bifidobacterium
lactis Bi-07, and
Lactobacillus
paracasei Lpc-37.

Toxin

Phase Il A recombinant
Vaccine completed | vaccine composed
of truncated
portions of C.
difficile toxins A

and B. Given IM,
this vaccine may
induce anti-toxin
antibody
production.

Toxin

Phase llI Toxin vaccine of C.
discontinued difficile toxin A

and B. Given IM,
this vaccine may

Vaccine

induce anti-toxin
antibody
production.

Toxin

Phase Il and

Genetically
Il ongoing modified toxin
vaccine of C.
difficile toxin A
and B. Given IM,
this vaccine may

Vaccine

induce anti-toxin
antibody
production.
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Oral
Vaccine

Oral

Phase |
terminated

An oral vaccine
against that
utilizes spores
from a genetically
modified
bacterium to
produce an oral
vaccine may
induce strong
mucosal
immunity.

Lactoferrin

Oral

Phase Il
ongoing

May have the
potential to
reduce the

cytotoxic damage
of C. difficile toxin
B and may delay
C. difficile growth
and reduces toxin
production.

For each efe
mechanism
clinical

information

Table 2. Emerging therapies targeted at primary management of CDI

herapy, the administration route, current or last phase completed, and

. Additionally, each drug is marked for the applications it is being studied for in

y: prevention, primary therapy, or recurrence prevention/treatment. Clinical trial

tained from ClinicalTrials.gov*".

Type

Antibioti adazolid
c &

I rea !ment name

some extent

inhibits DNA
synthesis. Inhibits
sporulation, toxin
production, and is
also bactericidal.

Admi | Currentor Mechanism Preventi | Primar | Recurrenc
n. last phase on y e
completed therap | preventio
y n/
treatment
Oral Phase llI Inhibits protein X
completed synthesis and to
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Antibioti

C

CRS3123

pt

Oral

Phase |
completed

Narrow-spectrum
antibiotic that acts
by inhibiting
bacterial
methionyl-tRNA
synthetase, with
high activity
against Gram
positive bacteria
and C. difficile but
low activity against
Gram negative
bacteria.

Antibioti

C

Oral

Phase Il
completed

Semisynthetic
thiopeptide that
acts on Gram
positive bacteria
by blocking
protein synthesis.

Antibioti

C

NUSCII

~
<
(@]
[vs}
w

Phase |
completed

Hybrid
fluoroquinolone-
oxazolidinone that
has a water-
soluble prodrug
formulation
termed MCB3837
which can be given
by IV.

Antibioti

C

T

anide

tho

Oral

Phase llI
completed

Noncompetitive
inhibitor of the
pyruvate-
ferredoxin/flavodo
Xin
oxidoreductases
with anti-C.
difficile activity.

Antibioti Ramoplanin

C

o

A

Oral

Phase I,
Phase IIb
ongoing

Ramoplaninis a
glycolipodepsipept
ide which disrupts

cell wall
biosynthesis by
binding to
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{

peptidoglycan. It is
non-absorbable,
binds to spores,
and kills vegetative
C. difficile cells in
vitro.

Antibiot'h inilazole Oral

C

SCIE

Phase Il
completed

Narrow-spectrum,
nonabsorbable
novel antibiotic
that potentially

impacts cell
division, but the
mechanism is not
fully understood.

Antibioti urot@mycin Oral
c

U

Phase llI
completed

Bactericidal cyclic
lipopeptide that
acts to dissipate
the membrane

potential of C.
difficile.

Antibioti
c

line v

all

Interventio
nal
completed

A glycylcyline
which acts by
binding to the 30S
ribosomal subunit
and inhibiting
protein translation
by blocking tRNA
molecules from
entering the A site
of the ribosome.

Binder Oral

thor M

Phase Il
Trial
terminated

Sequesters C.
difficile toxin A and
B with limited off-
target protein
binding.

Binder GT26%-004 Oral

Al

Phase llI
completed

A polystyrene
binder that may
sequester C.
difficile toxins A
and B.
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Binder

GT160-246

cript

Oral

Phase Il
completed

A high molecular—
weight soluble
anionic polymer
that has been
shown in hamsters
to reduce
mortality from C.
difficile infections
and in vitro data
suggests it can
neutralize the
activity of toxin A
and B.

Alanyl-

e

glutamin

|-gllitamine

US

Oral

Phase Il
terminated

A dipeptide that
has been shown to
have potential
therapeutic effects
in reducing C.
difficile toxin
damage in
intestinal epithelial
cells.

<

Man

Antibod

Phase IV
terminated

Intravenous
immunoglobulins
derived from
pooled human
serum.

y

Antibod

.

Oral

Active

Serum-derived
bovine
immunoglobulins.

al

Bowel
prep

Polyclon

antibody

th

O-l:
N
©

Oral

Phase I/II
trial
ongoing

Polyclonal
antibodies against
TcdB, vegetative
cells, and spores.

Nu-Lytely

AU

Oral

Phase IV
recruiting

A formulation of
the osmotic
laxative PEG 3350
and electrolytes
that can be used
to reduce the
luminal load of C.
difficile spores and
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toxins.

For each emerging therapy, the administration route, current or last phase completed, and

mechani“. Additionally, each drug is marked for the applications it is being studied for in
clinical trial acly: prevention, primary therapy, or recurrence prevention/treatment. Clinical trial
informatioed from ClinicalTrials.gov*".
I
Table 3. E i erapies targeted at recurrent CDI prevention and management
Type Treatment name Admi Current Mechanism | Preventio | Primar | Recurrenc
n. or last n y e
phase therap | preventio
w complete y n/
d treatment
Antitoxin Eumab/actoxu \Y Phase Il Human X
antibody mab ongoing monoclonal
antibodies
against TcdA
(actoxumab)
and TcdB
(bezlotoxuma
b) that can
prevent toxin
damage at
the intestinal
barrier.
Oral ! Colostrum Oral Phase Colostrum X X
bovine /11 from C.
antibodie withdraw difficile-
s O n immunized
cows.
Oral MucoMilk Oral Phase A whey X
bovine 1/m protein
antibodi terminate | concentrate
S d 40% (WPC-
s 40) enriched
with
polyclonal
antibodies
that is
produced

This article is protected by copyright. All rights reserved.




pt

from the milk
of cows
immunized
with
formaldehyd
e-inactivated
C. difficile
cellsand C.
difficile toxin
filtrate.

Microbial

R-109

USCr

Oral

Phase llI
ongoing

A capsule
consisting of
bacterial
spores
derived from
screened
human donor
stool.

Microbial

Microbia

ER-262

dll

Oral

Phase |
ongoing

A
manufacture
d microbial
therapeutic.

CBM588

or

Oral

Phase Il
withdraw
n

A probiotic
consisting of
Clostridium
butyricum,
which lacks
toxins
associated
with C.
difficile
infections.

Microbial

MET-2

Oral

Phase |
recruiting

Consists of a
live microbe
community
derived from
healthy
donor stools

AU

This article is protected by copyright. All rights reserved.




Microbial

RBX2660

pt

Enem

Two
Phase Il
and One
Phase IlI
ongoing

A stool-
derived
standardized
therapy
consisting of
live bacteria
suspension.
Suspension is
given by
retention
enema and is
derived from
healthy
donors

Microbial

X7455

dNUSCIl

Oral

Phase |
ongoing

A lyophilized
oral
formulation
of RBX2660,
which is
stable at
room
temperature.

Microbi

r-M

P101

Oral

Phase Il
ongoing

Encapsulated
lyophilized
fecal
microbiota
derived from
human
donors.

Non-
toxigenic
Clostridiu
m difficile

P20621

O

th

Oral

Phase Il
ongoing

Consists of
spores from
the non-
toxigenic C.
difficile
(NTCD) strain
M3.

Secondar
y bile acid

A

rsodiol

Ui

Oral

Phase IV
recruiting

Urodeoxychol
ic acid is
being used as
a surrogate
for
deoxycholic
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acid, a
secondary
bile acid.
Secondary
bile acids
have been
shown to
suppress C.
difficile
growth in

ript

vitro.

c

For each em g therapy, the administration route, current or last phase completed, and
mechanis €@ Additionally, each drug is marked for the applications it is being studied for in

5

clinical tria y: prevention, primary therapy, or recurrence prevention/treatment. Clinical trial

informatio ained from ClinicalTrials.gov*".

nu

Figure captkm
sis of Clostridium difficile infection and areas for emerging therapy

improvement. ing with the normal microbiota, antibiotic disruption of the intestinal bacterial
i sults in a susceptible state, which can lead to colonization with C. difficile. Once
germinated, vegetative C. difficile produces a variety of toxins to cause mucosal damage. If the
damage is severe, this may lead to severe disease. With effective antibiotic therapy, C. difficile can
be reduce ural colonization resistance can develop over time as the natural microbial

community reecaxers. Reinfection or recurrence may occur before this process is complete. Fecal

microbiota t may expedite this recovery by directly replacing the missing microbial

community ers. Areas marked with a red circle are potential areas where new emerging

therapiIrove clinical management.

Aut
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Pathogenesis of Clostridium difficile Infection
and Areas for Emerging Therapy Improvement

Prevent Antibiotic Disruption
and Increase Microbiota Recovery

susceptible
microbiota

C. difficile
spores

antibiotics

== 1 loss of
: ﬂ colonization resistance

Prevent Mucosal Damage

Eliminate/Prevent Limit
Recurrence Germination
vegetative / and Growth

C. difficile

clearance/
asymptomatic colonization

C. difficile
infection

Reduce Severe Disease

Figure 2. Cgrent clinical management guidelines for Clostridium difficile infection (CDI). This

diagram re recommended treatment approaches for primary and recurrent CDI, depending

on disease g€ based on the 2018 IDSA/SHEA guidelines. Additionally, there is some evidence
ﬂ ace of rifaximin as a chaser for recurrent CDI and the EXTEND trial did show

xtended-pulsed fidaxomicin for primary CDI; however, this is not currently
9,33,34,137

for fidaxo
evidence for

reflected ifithe guidelines

* Primarx %I is d"ned as a new episode of symptoms with no previous positive C. difficile test
result withih 8 weeks and confirmation of CDI by diagnostic testing.

-

<
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Primary, Non-Becurrent CDI*

Deagmosts of COH based on symptoms and diagnostic
testing. Siop precipitating antibiotics if pessible,

Evaluate Severity of COH

]7

L 3

Primary Infection: Mild to
Muoderats

Oral vancomysin 125 mg + times
daily for 10 days. Or

Oral fidaxormicin 200 mg 2 tlimes
daily for 10 days

W vancormycin o fidaxomicin
unavailable, usa Oral
matronidazole 500 mg 3 times
daily for 10 days

Primary Infaction:
Bevere [WBC > 15,000 cells/mL
or Creatining = 1.5 mg/al)

Oral vancarmyein 125 mg 4 times
daily for 10 days., Or

Oral ficdaxomicin 200 mg 2 times
daly for 10 days=

Primary Infection: Fulmdnant (Severe,
Cu‘l‘lpiﬂtd CIH with hypotension, shock,
fleurn, or megacolon)

‘Wancomycin 500 mg £ times daily given by mouwth
or nasogastrc ube. If lleus pregant. can also give
vancomyain by rectal enema. Can also give
metroridazole in addtion, 500 mg every 8 hours
by IV, aspacially if ileus presant

If Surgical Managemenl is necassary: sithar
perionm rectal sparing subtoial colactiomy or
diverting losp ilsestomy with celenic lavage,
followed by antegrade vancomycin flushes,

R rrent CDI

If R urrenos
Following Tharapy

Racurrencs of COI .

-

Mote: Once the patient has stabilized
and na lorger has features of

-

Foiowing Tharapy

complcated GO, one can complate
theragpy as indicated in the nespactive
FEOLIMmaEnCe D, LOnsUtanan wim
Infectious Diseases and Ganaral
Suwrgary Ia recommendad

If Aecumanca
Follawing Therapy

'

|

First Recurrence

Second or Plus Recurrence

Oral vancormysin 125 mg 4 times daily for 10 days if last
traatrmant wsed metronidazole. Or

Cral vancomycin Taper/Pulsed (o.g. 126 mg 4 times per
dery for 10-14 days, 2 times par day for 6 week, 1 per day

Ciral Vancomycin Taper/Pulsad Regrmen, Or

Oiral Vanearryein 125 mg 4 times daily for 10 days
followed by Oral rifaximin 400 mg 3 times daity for 20
days. OF

for a week, and lastly every 2-3 days for 2-8 weeks) if
vancomycin used for nitial aplsode, Or Ol fidaxomizin 200 mg 2 timas daily for 10 deys. Or
Cral fidaxomicin 200 mg 2 times daily for 10 days if
vanconyein used Tor initial episode.

Facal Microbiota Transplant atter falure to freat second
facurrence of mone using standand antibiotic thearagy

Figure 3. YUdence of US inpatient CDI per 100,000 hospitalizations and the number of first-

submission rials by year. The submission of clinical trials increased following the increase in

yearly incidence of CDI in the United States. Data on incidence was obtained from HCUPnet and

clinical s obtained from ClinicalTrials.gov. Only trials with C. difficile in the condition

catego ered41 42
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Figure 4. Caing therapies targeted at prevention, primary therapy, or recurrence prevention

and manag linical trial data was obtained from ClinicalTrails.gov. Only clinical trials listed on
ClinicalTrials.gov was included. If multiple therapeutic aims are being studied for a given drug, we
sorted it b gorization used in this article for the discussion section. Refer to Tables 1-3 for

specifics omerapeutic“.

6 4 Z
Prevention

Bl Primary Therapy

El Recourrence Prevention and Treatment

clinical trials

Number of submitted

SBI

CDVAX

Nu-Lytely

Tige
A

ACAM-CDIFF

HOWARU Restore 4

b

Bezlote

Therapy Name

Figure 5. Emesgi herapy therapeutic targets for management of CDI—prevention, primary
ecurrence reduction. Boxes indicate therapies, while arrows indicate the effect of

the therapies-Blagk arrows indicate events and steps in the development of CDI. Starting with
healthy microbiota, antibiotic alterations lead to a susceptible state where C. difficile spores can
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enter and germinate. This leads to colonization and infection. Toxin production can then trigger
inflammation and cytotoxic/cytopathic effects on the mucosa, leading to colitis and severe disease.
Red boxes and arrows indicate therapies aimed at preventing C. difficile infection. Green boxes and
arrows i rapies aimed at treating primary CDI and reducing disease severity. Blue boxes

and arrowsg e therapies aimed at reducing and treating recurrent CDI. IVIG = intravenous
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