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ABSTRACT

Infection caused by Clostridium difficile
(CDI) occurs as a result of imbalance of bacteria
in intestinal tract mainly due to previous
exposure to wide-spectrum systemic antibiotics.
Nowadays, it is recognized as one of the most
frequent infections acquired in hospitals.
Contemporary clinicians often face an increased
incidence of fulminant and recurrent CDIs that
are accompanied with a number of colectomies,
prolonged stay in hospitals, fatal outcome, and
rising healthcare costs. Traditional antibiotics for
CDI, such as metronidazole, vancomycin or
fidaxomicin, have been linked to certain treat-
ment limitations in previous studies. Thus, the
aim of this narrative mini literature review was to

critically evaluate efficiency of each of the
recommended modern therapy modalities for
CDI, as well as the frequency and severity of
adverse events associated with their use.

Based on current knowledge, the range of
standard antibiotics approved for treatment of
initial or recurrent CDI remains quite limited.
Regardless of severity of CDI, oral or rectal
vancomycin should be considered as the first-line
therapeutic option in adults and children, while
fidaxomicin or metronidazole could be an appro-
priate alternative.The other potentially effective
antimicrobials against CDI, such as rifaximin,
nitazoxanide, fusidic acid, tigecyclin, bacitracin
and use of probiotics cannot be advised as the
therapy of choice, as they did not provide any
advantage over vancomycin or fidaxomicin in
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prior investigations. In an attempt to solve the
problem of recurrent CDI events, which is one of
the most important challenges facing health pro-
fessionals today, adjunct use of human monoclo-
nal antibody against toxin B (bezlotoxumab) or
instillation of normal colonic bacteria obtained
from healthy donor into patient’s intestine (Fecal
Microbiota Transplantation), could be effective
and safe approach where available. Besides cli-
nical development of innovative therapy for CDI,
such as new antibiotics and vaccines, primary
focus should be on effective prevention of this
infection, in terms of improving rational use of
broad-spectrum systemic antibiotics and proton
pump inhibitors.

Keywords: clostridium difficile, vancomy-
cin, fidaxomicin, metronidazole, bezlotoxumab,
fecal microbiota transplant.

CAXKETAK

Komutuc y3pokoBan Oakrepujom Clostri-
dium difficile (CDC) HacTtaje kao pe3yaTar
nopemehaja paBHOTeXe OakTepHja y racTpOHH-
TECTUHAIHOM TPAKTY, YIIIaBHOM 300T PETXOHE
CHCTEMCKE MpHMEHE aHTUOMOTHKA LIUPOKOT
CIIEKTpa JAejcTBa. Y JaHAIIE BpeMe OBa BpCTa
KOJTUTHCA TPEICTaBJba jeOHY OJ HajydecTalujux
nHpEKIHja CTeYCHUX y OOTHMYKO] CPEOUHH.
[Ipu ToMe, naHac ce KITMHUYAPH YECTO CyOoUaBajy
ca pactyhoM MHOHMICHIHjOM (YIMHUHAHTHHX U
pexypentaux CDC, koju cy mpaheHu OpojHHM
KOJIEKTOMHjaMa, TPOAYKEHUM OOpaBakoM Y
OomuunM, ¢aTaJHAM HCXOAOM U ToBehameM
CBEYKYITHUX TPOILKOBA 3APABCTBEHE 3alLTHTE.
Tpamunmonanau aHTHOMOTUIM 3a Jeuerme CDC-
a, TONMYT METPOHMIA30/1a, BAHKOMHIWHA WIN
($uAaKCOMUIINHA, Y TPETXOJHUM HCTPaXKHBA-
BUMa TOKa3zaiu cy oapeheHe Tepamujcke Hemo-
cratke. CTora je ujb OBOI' HApATHBHOT PEBHjal-
HOT' pafa OMO Ja ce KPUTHYKU MpOLeHu eduka-
CHOCT CBaKorI' of] penopydeHux jekosa 3aCDC,
Ka0 M YUYECTaJOCT M O30MIJPHOCT HEXEJbEHHX
norahaja Koju TpaTe BUXOBY MPHUMEHY.

Ha ocHOBy akTyenHHMX ca3Hama, AWjara3oH
CTaHIapAHUX aHTHOMOTHKA OJO0OpeHuX 3a
neyeme nHunMjante uian pekypearae CDC npu-
JUYHO je orpaHuyeH. be3 o03upa Ha TeXHUHY
CDC, opaJHU WIH PEeKTaTHU BAaHKOMUIIMH JTaHAC
ce cMaTpa TepalujcKOM OMNIHjOM TNpBE JHHHU]jE
KOJl OZIpaciuX, 0K (UAAKCOMHUIIMH UM METPO-
HUA30]l TIpeNCTaBibajy oAroBapajyhe antepHa-
tuBe. C npyre cTpaHe, METPOHMIA30M1 je JIEK
n300pa 3a Jieyerkhe HHULUjalTHe U MIPBE PeKypeH-
tHe enuzone CDC y neuwjoj nonynanuju. Hpyru
MOTEHIHJATHO ePHUKACHU aHTUMHKpPOOHH JIEKO-

Bu3a CDC, momyr pudaxcuMuHa, HUTa30KCa-
HUAa, (QYCHOMHCKE KHCENIWHA, TUTCHUKINHA,
OauuTpanuHa, Kao M ynorpeba mpoOUoOTHKa, HE
MOT'y ce MpEernopy4YuTd Kao Tepamuja u3dopa c
003MpOM J1a y TIPETXOAHUM HUCTpPaKUBAmUMa Y
MorJiely KIMHUYKHX edekata HUCY IOKazaid
HUKAKBE MPEIHOCTH Y OJHOCY HAa BAaHKOMHUIUH
Wi QUOAKCOMHLUH. Y TOKYIIajy Jla ce pelu
npobinem pekypentHux CDC norabaja, mTo je
jemaH on HajBAXKHMjUX HM3a30Ba ca KOjUMa ce
naHac cpehlly 37paBCTBEHM paIHHLM, AONATHA
ymorpeba XyMaHOI MOHOKIOHCKOT aHTHUTENa
npotuB TokcuHa b CD (6e3 morokcymal) y3
CTaHAApJHU HAa4YMH Jieuemha Win uHdy3uja cyc-
nensuje ¢ereca 3ApaBUX AOHOpaA y 1e0eso IpeBo
nanujeHTra (QekaaHa TpaHCIUIAHTAIHMja), MOTY
outu edukacan u O6e30enaH TepanujcKu MPUCTYI
y CHTyauyjama TIe Cy TakKBe MpOLeaype AOCTY-
nHe. Jlo 3aBpIuerka KIMHHYKOT pa3Boja MHOBa-
tuBHe Tepanuje 3a CDC, nonyt HOBHUX aHTHOHO-
tuka ¥ BakuumHa npotuB Clostridium difficile,
npuMapHu (oxyc Tpeba ma Oyne Ha edUKacHO]
MpeBEeHIMjU OBE MH(QEKIHje, y CMHCIY YHaIpe-
hemwa pamuoHanHe ynorpede CHCTEMCKHX aHTHU-
OMOTHKA LIMPOKOT CIEKTpa JejCTBa M HHXUOH-
TOpa MPOTOHCKE MyMIIE.

Kibyune peun: clostridium difficile, BaHKO-
MUIMH, (GUAAKCOMHUINH, METPOHUAA30I], Oe3mo-
TOKCyMal, (exanHaTpaHCIIaHTaLH]a.

INTRODUCTION

Clostridium difficile infection (CDI) results
from alteration of normal colonic microflora
mainly due to previous exposure to broad-spec-
trum antibiotics. This intestinal dysbiosis leads to
colonization with CD which releases the toxins
that cause harmful mucosal and systemic effects.
CDI clinically manifests with various disorders
in terms of severity, starting from diarrhea thro-
ugh fulminant forms of colitis"*.

The epidemiology and clinical feature of
CDI has changed significantly over past 20-30
years. Worldwide, CD is now the most common
cause of nosocomial diarrhea. Besides, nowadays
clinicians face CDI accompanied with increasing
incidence of severe and complicated disease,
recurrence rates, colectomies, lengths of hospital
stay, and deaths'™. These problems are probably
due to growing prevalence of major factors that
contribute to the appearance of CDI, like ageing
of the population, irrational usage of antibiotics,
emergence of epidemic, hyper virulent strains of
CD and widespread use of proton pump inhibi-
tors'”. However, infection caused by Clostri-
dium difficile is not only being diagnosed in
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patients in long-term care facilities or in hospi-
tals who often get exposed to inappropriate anti-
biotic therapy. An increasing number of CDIs
occur in populations that have previously been
considered to have a low risk of occurrence of
CD], such as pregnant women or young healthy
persons'**. Anyway, it is quite clear that this
infection today poses an important additional
medical and financial burden on contemporary
health care systems and societies in general.

Recommendations for treatment of CDIs are
based on the assessment of disease severity, local
epidemiology, type of CD strains presented as
well as whether it is an initial or recurrent infec-
tion. Antibiotics for CDI treatment (vancomycin,
metronidazole or fidaxomicin), although widely
accepted as traditional first line therapy, have
certain treatment limitations"*®, Therefore, in
terms of improving health outcomes some
complementary therapeutic modalities were sug-
gested, including instillation of normal colonic
bacteria obtained from healthy donor into pa-
tient’s intestine, i.e. Fecal Microbiota Tran-
splantation (FMT) and use of targeted passive
immunotherapy with bezlotoxumab'?”. In addi-
tion, there are a few promising innovative ventu-
res that are currently being clinically developed,
such as active immunization with chemically
and/or genetically modified vaccines against CD
toxins®'® as well as some other novel narrow-
spectrum antibiotics (cadazolid, surotomycin,
ridinilazole, etc.) that have an inhibitory effect
on formation of CD spores and an advantageous
pharmacokinetic and pharmacodynamic (PK/PD)
feature to treat CDIs’. However, despite these
recent therapeutic advances judicious use of
wide-spectrum antibiotics probably still remains
the most effective preventive strategy within
overall management of CDI.

In this narrative mini literature review we
made an attempt to critically evaluate each of
previously mentioned modern treatment modali-
ties in terms of efficacy and safety, based on
available clinical data.

ANTIMICROBIAL THERAPY OF CDI

The wide-spectrum antibiotics such as met-
ronidazole (oral or intravenous formulation) or
vancomycin (oral formulation), have been consi-
dered as a cornerstone of treatment of the initial
episode or subsequent relapse or reinfection
throughout past decades. The usual dose of
vancomycin for the treatment of CDI is 125 mg 4
times daily for 10 days in adults and 10 mg/kg 3
or 4 times daily for 10 days in children, while the

usual dose of metronidazole for the treatment of
CDI is 500 mg 3 times daily for 10 days in adults
and 7.5 mg/kg 3 or 4 times daily for 10 days in
children'. Besides, fidaxomicin as an antimicro-
bial drug with narrow-spectrum of activity (thus
alters intestinal microflora to much less extent
than metronidazole and vancomycin do) and
favorable PK/PD profile, was recently approved
worldwide and also suggested as an alternative to
vancomycin for initial therapy of more serious
forms of CDI in adults as well as for treating
recurrent episodes, particularly in patients with
high risk of getting CDI again"**'""*. However,
based on recent relevant randomized trial and
observational data, metronidazole appears to be
less effective then vancomycin in terms of attai-
ning initial and sustained clinical response in
adult patients with CDI, especially when treating
severe episode"®'"*°. Furthermore, it seems
that both of these antibiotics are not essentially
efficacious as fidaxomicin is with respect to the
control of CD spreading and prevention of relap-
se'®". In previous studies, the safety of each
mentioned antimicrobial therapy was relatively
good, exceptionally implying potential irrever-
sible neurotoxicity during long-term and repea-
ted administration of metronidazole as well as
the emergence of infections caused by resistant
strains of Enterococci after use of vacomycin,
and to a lesser extent after use of metronidazol or
fidaxomicin'. In fact, relatively small differences
in clinical effects of these antibiotics were obser-
ved so far” emphasizing the importance of
adequate assessment of their cost-effectiveness
in a particular settings, taking into account that
metronidazole is by far the cheapest antibiotic
among them. Nevertheless, in the light of the
aforementioned, the latest official guideline for
the treatment of CDI does not advise the use of
metronidazole as the first-line monotherapy neit-
her for initial episode of non-severe CDI in adult
population,nor as the treatment of first recurren-
ce, due to lower effectiveness compared to
vancomycin or fidaxomicin. In this updated gui-
deline, oral metronidazole remained as an alter-
native therapy for treatment in adults with initial
non-severe form of CDI when vancomycin or
fidaxomicin are unavailable or contraindicated
(in a dose of 500 mg 3 times daily for 10 days),
while in fulminant cases, complicated parti-
cularly with ileus, parenteral metronidazole has
been suggested together with the rectal
vancomycin'. Finally, due to paucity of novel
clinical evidence in children,metronidazol conti-
nues to be advised as an alternative to
vancomycin as the first choice monotherapyfor
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treatment of non-severe CDI episode (in a dose
of 7.5 mg/kg 3 or 4 times daily)'. An interesting
issue regarding the changes in these updated
recommendations is the involvement of fida-
xomicin as an alternative option to vancomycin
for the treatment of initial as well as for the first
and especially for the multiple recurrent CDIs
events in adults, respectively. Fidaxomicin is the
most expensive antibiotic among those suggested
for the first-line therapy of CDI (in a dose of 200
mg 2 times daily for 10 days) and offers the
advantages over vancomycin in terms of efficacy
that are not clearly evident based on previous
studies"*!*. Therefore, despite the largest acqui-
sition cost, in our opinion, fidaxomicin can be
administered only as the first-choice therapy for
different forms of CDI after its cost-effectiveness
was unequivocally demonstrated in a particular
indication at the national level in countries with a
sufficiently large cost-effectiveness threshold.
The latter is supported by the evidence from
systematic review of economic evaluation of
antimicrobial therapy for CDI by Burton HE et
al, indicating that fidaxomicin could have a
better cost-effectiveness ratio then other anti-
biotics for CDI treatment in patients with high-
risk of complicated and recurrent CDI, when the
majority of pharmacoeconomic outcomes were
taken into account'®. As an example, the study
that was carried out in Serbia, a country passing
throughout socioeconomic transition where the
fidaxomicin has not been approved yet, suggests
this drug could be more cost-effective option in
patients refractory to metronidazole monotherapy
in comparison to vancomycin, since it saves
more lives, but does not avoid colectomies; this
comparative advantage could be especially
obvious in patients with the recurrent infection
that must continue to use systemic antibiotics,
particularly if free-market prices of health servi-
ces in Serbia are allowed"”.

The other additional antimicrobial treatment
options, such as rifaximin, nitazoxanide, fusidic
acid, tigecyclin, bacitracin and use of probiotics
appeared to be potentially effective in some prior
studies, but currently there are no valid clinical
studies whose results would recommend their use
as the first-choice therapy for CDI, considering
they do not provide any advantages over
vancomycin or fidaxomicin regarding efficacy
and safety'.

BEZLOTOXUMAB

Bezlotoxumab is a fully human monoclonal
antibody against cytotoxin (toxin B) produced by
CD. This drug was recently approved in United
States of America (USA) and European Union
(EU) as an adjunctive therapy to standard care in
an attempt to overcome the major shortcoming of
antibiotic treatment in terms of prevention of
recurrent CDI events’. Thus, bezlotoxumab sho-
uld be administered once at a dose of 10 mg/kg
in the form of adjuvant therapy to basic antibiotic
therapy in adult patients who are at risk of recur-
rent infection’.

In two pivotal double-blinded, randomized
controlled clinical trials (MODIFY I and
MODIFY 1II) that had been carried out inmore
than 2600 patients, bezlotoxumab was superior
to placebo concerning significant reduction of
recurrent CDI events at 12 weeks after infusion’.
At the same time, similar and quite acceptable
overall safety of both treatments was observed'.
The addition of actoxumab (human monoclonal
antibody against CD toxin A) did not result in
enhanced effectiveness of bezlotoxumab’. After
additional analysis of aggregatedata from
MODIFY I and II studies, based on stratification
of risk for recurrence, bezlotoxumab showed not
onlysignificant reduction of recurrent events, but
also FMT was used to a lesser degree and lower
readmission rate to hospital at 30 days due to
CDI was registered in comparison to placebo™.
Taking into account the latter results, it was
recommended that patients who have 3 or more
risk factors for recurrent CDI can benefit most
from adding bezlotoxumab to standard antibiotic
treatment, and this could also be useful for those
with fewer risk factors®. However, this short-
lived protective effect of bezlotoxumab requires
further investigations that would deal with its
possible long-term positive influence on inci-
dence of recurrent CDIs.

Rare but serious adverse event after use of
bezlotoxumab observed in the aforementioned
clinical trials was an exacerbation of heart fai-
lure*'*2. Exacerbation of heart failure was more
frequent in group of congestive heart failure
patients who received bezlotoxumab than in
similar patients treated with placebo (12.7%:
4.9%) and led to higher death rate in the
bezlotoxumab group®"**. However, far more pre-
cise data on such adverse event will probably
come from upcoming post-marketing observatio-
nal studies, since the bezlotoxumab has been
approved in 2017. Until then, bezlotoxumab sho-
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uld be used cautiously in patients with under-
lying chronic heart failure.

FECAL MICROBIOTA
TRANSPLANTATION

In order to reverse the perturbation of normal
gut flora caused by repetitive use of antibiotics to
treat CDI, transfer of processed stool gathered up
from healthy individual to digestive tract of pati-
ents has being strongly recommended as the
highly efficient therapy for multiple recurrent
CDI events in cases that became resistant to pre-
vious administration of standard antibiotics for
CDI'. For the first time, FMT had been
clinically applied in USA in 2003, and after that
across the world it was advised to be implemen-
ted in clinical practice for the therapy of recur-
rent CDI episodes both in adults and children
regardless of its severity as well as for the
refractory recurrent cases >>. FMT can be admi-
nistered via infusion of stool into colon by
colonoscopy, sigmoidoscopy and enema, or into
upper gastrointestinal tract by nasogastric/
nasoduodenal tube and upper endoscopy as well
as by mouth in the form of capsules containing
lyophilized material obtained from a donor™.

A plenty of literature reports on high efficacy
rate of FMT in reconstitution of colonic micro-
biota leading to successful treatment of recurrent
CDI of up to over 90% exist so far”>>. In the
first published un-blinded randomized controlled
trial conducted in the group of patients who had
two or more recurrent episodes of CDI, FMT
demonstrated superiority to oral vancomycin
with and without bowel lavage, in terms of
approximately 3 times greater chance to achieve
sustained relief of CDI symptoms at 10 weeks
after completion of therapy”. However, the data
from randomized trials mostly indicate higher
efficacy rate than the information obtained from
nonrandomized investigations. It was shown that
FMT had been more efficient when transferred in
the colon than via an upper gastrointestinal tract
approach®?***!when multiple treatment cour-
ses had been applied"” and if the patient did not
suffer from inflammatory bowel disease™. Besi-
des, the response to FMT can also be affected by
selection of donors and patients, composition of
final product applied, assessed likelihood of
recurrence and prior antibiotic therapy'. Therefo-
re, a few relevant challenges continue to exist
with respect to implementation of FMT in routi-
ne clinical practice’. First of all, methods of
processing stool collected from community dwe-
lling donors as well as procedures of FMT

administration can be quite different. The other
obstacles include unreliability and uncertainty of
optimal dose regimen of FMT related to
expected therapeutic response, especially when
fulminant cases with CDI are being treated.
Finally, the costs of treatment usually overcome
insurance reimbursed costs. For example, in EU
or Australia or China, FMT has not been regula-
ted as a drug yet, while in USA and Canada this
biological product is considered as an investiga-
tional therapeutic option, requiring permissions
before each its use as a part of clinical trial**. In
addition, the safety profile of FMT has not been
particularly studied in clinical trials with large
samples and sufficient follow up so far, but
potentially serious adverse events, such as ga-
strointestinal bleeding and perforation after
nasogastric/nasoenteric tube or colonoscopy
insertions as well as complications due to infec-
tion transmission were very rarely reported'. In
spite of increasing demand for FMT in recent
years, all mentioned facts currently constrain
widespread clinical use of this potentially the
most efficacious therapeutic approach for treat-
ment of recurrent CDI in adult population and
children to date.

CONCLUSIONS

Based on current state-of-art the range of
standard antibiotics for treatment of initial or
recurrent CDI is quite limited. Oral or rectal
vancomycin should be considered as the first-line
therapeutic option in adults and children, while
fidaxomicin or metronidazole could be an
adequate alternative. In an attempt to solve the
problem of recurrent CDI events, which is one of
the most important challenges facing health pro-
fessionals today, adjunct use of bezlotoxumab or
FMT could be effective and safe approach where
available.

However, besides clinical development of
innovative therapy for CDI, such as new antibio-
tics and vaccines, primary focus should be on
effective prevention of this infection, in terms of
improving rational use of broad-spectrum
systemic antibiotics and proton pump inhibitors.
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