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SUMMARY

Clostridium difficile (CD) is the most common cause of nosocomial diarrhea in adults with high rates of
morbidity and mortality. The epidemiology of CD infection (CDI) has changed in the last few decades
associated with increasing severity of the infection rate related to the occurrence of NAP1 hypervirulent
strain and the emergence of the disease among ambulatory patients and the wider community. Although
little is known about CDI in pediatric patients, CD is surprisingly recognized as an important pathogen in
children. In this review article, we direct attention to the recent findings on the incidence and epidemiol-
ogy of pediatric CDI, including the risk factors for infection, with special emphasis on the importance
of CDIin infants and a population of children suffering from chronic gastrointestinal diseases or cancer.
Despite recent pharmacotherapeutic protocols successfully used in children with CDI, we would like
to draw attention to precautionary and preventive measures in terms of both unnecessary testing and
uncritical use of antibiotics as the most important risk factors.
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INTRODUCTION

Clostridium difficile (CD) was first reported
as a cause of diarrhea in 1978 [1]. It is an an-
aerobic Gram-positive bacterium, widely dis-
tributed in nature, and its spores can be found
in soil, water, and human and animal feces. It
normally exists in the intestinal flora in 3%
of healthy adults and in 30-50% of infants,
and the carriage rate in children and adults
is about 20% [2]. CD exists in the non-toxic
form and does not cause disease. Pathogenic
strains produce different types of toxins and
the best known are enterotoxin A and cytotoxin
B, both of which cause diarrhea and inflam-
mation known as Clostridium difficile colitis in
infected patients. In addition, life threatening
systemic effects such as ascites, pleural effu-
sion, cardiopulmonary arrest, hepatic abscess,
abdominal compartment syndrome, multiple
organ dysfunction syndrome and renal failure
have been reported as part of the disease [3].

EPIDEMIOLOGY

It has long been believed that Clostridium dif-
ficile infection (CDI) is a disease of adults and
is not typical for the pediatric population, de-
spite a high-rate gastrointestinal colonization
after birth. Findings obtained during the pe-
riod from 1997 to the present day indicate that

CDI is increasingly found as a cause of diarrhea
in children, both inside and outside hospital.
Independently of the fact that infant testing is
not advised, 26% of hospitalized children with
CDI were less than one year old and as many
as 5% were newborns. Large epidemiological
studies covering a period of 2001-2006 in 22
children’s hospitals in the United States show
the increase of admissions with CDI from 2.6 to
4.0/1,000. The mean age of these patients was
four years, and about 25% were less than one
year old [4].The increasing trend continued,
which led to the unexpected fact that CD is
a very important pathogen in children with a
still unclear explanation and the dilemma of
whether this is the result of changes in the ecol-
ogy of microorganisms or better diagnostics
[5, 6, 7]. To find the answer to this question,
the emergence of a hypervirulent strain NAP1/
ribotype 027 (North American pulsed - field
gel electrophoresis type 1) is very significant.
This strain isolated in several states of the USA
and Europe possesses altered tcdC sequences
in the inhibitor gene that produces the protein
suppressing A/B toxin production. Although
NAPI strain is the one most responsible for se-
vere forms of CDI, 2 NAP7 and NAP8 have also
been isolated with insufficiently tested mecha-
nism of action [8, 9]. Risk factors for CDI are
well known: hospitalization and administra-
tion of antibiotics, but since the disease occurs
in outpatient conditions as well and without
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previous antimicrobial therapy, it has become clear that
other parameters also contribute to the development of
infection. These are the use of proton pump inhibitors,
prolonged placement of a nasogastric tube, previous ab-
dominal surgery, renal failure, immunosuppression, and
previously known gastrointestinal diseases, particularly
cancer and post-transplantation conditions [10].

Clostridium difficile in newborns and infants

The neonatal intestinal tract is sterile, but as early as
in 12-month-old newborns it is more like in adults.
CD carriers are, on average, 37% of infants and 30% of
1/6-month-old newborns. This colonization is slightly
affected by the vaginal membrane rupture or previous
use of antibiotics, and the environmental conditions of
infants are also particularly important. CDI can be trans-
mitted by the hands of hospital personnel, bathtubs, ther-
mometers, and changing tables. Breast-feeding babies are
considerably less colonized with CD (14%) if compared
to formula-fed babies (30%). At the age of 6-12 months,
about 14% of children are CD carriers, and the percent-
age among three-year-olds is similar to non-hospitalized
adults and amounts to 0-3%. Clinically, the disease rarely
occurs before the age of 12-24 months, and one of the
reasons is a deficient cellular mechanism of toxin bind-
ing at this age [9, 11, 12]. In the intensive care unit, 7% of
patients with diarrhea and 15% of controls were colonized
with CD [13]. In two studies of children 0-2 years of age,
11-59% of those with diarrhea and 24-33% of controls
were colonized with CD [14, 15]. Among children 0-34
months of age, 21% of those with diarrhea and 33% of
controls were carriers of CD [16]. Due to the high rate of
asymptomatic carriage, CD toxin detection cannot be the
major cause of diarrhea before adolescence, especially in
young children and infants [17, 18].

CD infection is transmitted via fecal-oral route. Highly
resistant disputes cannot be destroyed by alcoholic dis-
infectants; they survive for long in the environment and
are entered by hand, contaminated food and water, in
both hospital settings and outside. Once ingested, acid-
fast spores pass the stomach and after exposure to bile
acids they germinate into vegetative forms in the colon,
producing toxins A and B, which cause diarrhea and pseu-
domembranous colitis. The process is favored by the im-
balance in the intestinal flora resulted mostly from long-
term antibiotic treatment. The effect of the toxins leads
to necrosis in surface epithelium and to the creation of
a pseudomembrane consisting of fibrin and inflamma-
tory infiltrates composed mainly of polymorphonuclear
cells. Hemorrhages are detected in the damaged submu-
cosa but without inflammatory infiltrates as in ulcerative
colitis and bacillary dysentery. In the most severe cases
of pseudomembranous colitis, pseudomembranes may
be detached, necrosis may extend to deeper layers of the
colon wall and penetrate through serosa into the perito-
neal cavity.
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CLINICAL MANIFESTATIONS AND DIAGNOSIS

The clinical picture of CDI has different manifestations
ranging from asymptomatic colonization or mild diarrhea to
fulminant disease accompanied by a clinical picture of toxic
megacolon and sepsis with a potentially lethal outcome. A
mild form of the disease involves the emergence of two to
three watery stools with abdominal pain and discomfort in
the abdomen. A severe form of CDI in children appears with
over 15 watery stools per day, an increase in body tempera-
ture, severe abdominal pain, loss of appetite, blood or pus
in the stool followed by the loss of body weight [19]. CDI
diagnosis is based on the clinical symptoms of diarrhea,
and a positive finding of stool toxins. Enzyme immuno-
assay has become the most commonly used technique for
detection of enzymes A and B with sensitivity of 72-82%,
and specificity of 97-98%. Less available tests approved by
the FDA - nucleic acid amplification tests (NAATS), includ-
ing the PCR technique - are rapid, sensitive, and of similar
specificity if compared to enzyme immunoassay. Since as-
ymptomatic carriers in childhood are so frequent, routine
stool CDI testing in children less than one year old should
be avoided. It may be considered in children one to three
years of age with clinical signs of diarrhea and previously
tested for other pathogens, particularly viral ones [20, 21].
In children over three years of age, the testing is carried out
in cases of prolonged diarrhea when all other causes have
been considered and risk factors are present. Endoscopic
findings of pseudomembranes and hyperemic rectal mucous
membranes are sufficient for the diagnosis of CDI at any
age. It is advisable to test children with suspected megaco-
lon, infants with chronic diarrhea, children with already
detected diseases of the intestinal tract (Hirschprung’s dis-
ease, cancer), and those with immune deficiency [22]. It is
particularly important to say that none of the CDI stool tests
are recommended as a therapy audit. Excretion of toxins in
13-24% lasts for more than two weeks, and in 6% of cases
up to four weeks after treatment [23-26].

TREATMENT

Discontinuation of antimicrobial therapy is the first step in
treating CDI. Metronidazole is the drug of choice in chil-
dren with mild and medium-to-severe forms of the disease.
It is administered at a dose of 30 mg/kg with a maximum
dose of 2 g per day. Oral vancomycin or vancomycin via
rectal enema along with/without intravenous metronida-
zole is administered in the initial treatment of patients with
a severe form of infection and to those who did not re-
spond to oral metronidazole. Severe or fatal disease is pos-
sible in neutropenic children with leukemia, intestinal tract
disease (Hirschsprung’s disease) and chronic inflammatory
bowel diseases. The treatment should last up to 10 days.
From experience, the resistance of CD to metronidazole
is extremely low, even when it comes to the newly isolated
strain NAP 1 [10, 27-30]. Patients with recurrent disease
(about 30%) usually respond well to repeated treatment. In
case of the second relapse of infections, metronidazole is
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not used as a chronic treatment for its potential neurotox-
icity. Under the circumstances, the drug of choice is van-
comycin. Other antimicrobial drugs used in the treatment
of CDI are nitazoxanide, fidaxomicin (approved for adults
by the FDA in 2011) and rifaximin but without sufficient
evidence of application in children [28-30]. In treating
CD], the so-called biotherapy deserves a prominent role,
including the use of probiotics (Saccharomyces boulardi,
Lactobacillus species), as well as fecal transplants and im-
munoglobulins [31-33]. It has been shown that infusing
healthy donor feces has been significantly more effective
in the treatment of recurrent CDI if compared to van-
comycin (Netherlands Organization for Health Research
and Development and the Netherlands Organisation for
Scientific Research) [34].The data about the application of
intravenous immunoglobulins and monoclonal antibod-
ies against A/B CD toxins are based mainly on studies in
adult patients [35]. Preliminary attempts of parenteral CD
vaccine containing A/B toxoids show high-rate antibody
formation in serum of healthy adult subjects. In a report-
ed case, three patients were on continuous vancomycin
therapy for persistent recurrent CDI. They were all able to
discontinue the therapy and in two of them a significant
increase in serum antibodies against toxin A and toxin
B was recorded [35]. Surgery for CDI involves subtotal
or total colectomy and is recommended only in patients
who had not responded to medical therapy and in those
with a clinical picture of fulminant colitis. Such compli-
cation is relatively rare in children and its manifestations
are poor general condition, signs of systemic infection,
intense abdominal pain, and colonic distension with CT
colonography. Under these circumstances, diarrhea may
not be present due to ileus.
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Clostridium difficile pnjapeja Kopg ogojuagu u geue

burbaHa Bynetuh'? Ennsabeta PrctaHosuh?, Cnasuua Mapkosuh'?, 3opuua Pawkosuh'?, Bnagumup Pagnosuh?, 3opaH

UrpytuHoBnh'2

'KnuHuukn uentap Kparyjesau, Megujatpujcka knnHnka, Cpbuja;
YHusep3uTeT y Kparyjesy, GakynTeT MeanumHCKNX Hayka, Cpbuja;
*BojHomeaMLMHCKa akagemuja, beorpag, Cpbuja;

“YHuBep3uTeTCKa Aievja KNHKKa, beorpag, Cpbuja

CAXETAK

Clostridium difficile (CD) Hajuewwhu je y3pok 60nHUYKe Anjapeje
0fpac/nx ca BVCOKOM CTOMOM MopbuamnTeTa 1 MopTanuTeTa. Y
nocneftnx HeKONMKO Aekaga envaemvionoruja CD nHdekuyje
(CDI) npomemseHa je ca nopacTom cTorne 036UbHOCTU NHEK-
umje y penaumju ca nojaBoM xunepsupyneHTHor coja NAP1,
Kao 1 nojaBom 6onectu mehy amOynaHTHAM naLlyjeHTMa 1y
LUIMPOj XMBOTHO] 3ajegHNLN. MaKo je mano nosHato o CDI kop
negmnjaTpujckmx 6onecHrka, CD je n3HeHahyjyhe npenosHat
Kao BaXKaH naToreH y feyjem y3pacty. Y OBOM nperiefHom
unaHKy ocBphemo ce Ha cKopalltba Ca3Hatba O HLMAEHLM 1
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envgemuonoruju CDI kog geue ykmbyuyjyhu pusnko daktope
3a MHdeKUWjy ca nocebHM ocBpPTOM Ha 3Hauaj CDI kog, ofoj-
yeTa 1y nocebHoj nonynaumju fAeLe ca XPoOHUYHUM bonecTma
racTPOMHTECTUHAMHOT TPaKTa WK KaHLiepoM. YNPKOC HOBUjUM
dapmakoTepanujckum NPOTOKOIMMA KojuMa Ce ca YCrnexom
Tpetupajy CDI Kop pele, ckpehemo naxmy Ha CBe Mepe npe-
BEHLMje 1 NPefOCTPOXHOCT KaKo y norneay HemotpebHor
TecTvpatba Tako ¥ Ha HEKPUTUYHY MPYUMEHY aHTUOMOTIKa Kao
HajBaXXHuWjer pakTopa pu3rKa.

KmyuHe peun: Clostridium difficile; pnjapeja; peua; enugemu-
osioruja; nevemre
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