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Abstract The frequency of Clostridium difficile infection
(CDI)-related hospitalizations is increasing. The aim of this
study was to determine the extent of CDI among children
hospitalized with diarrhea, risk factors or predictors for severe
CDI, the prevalence of NAP1, and to compare the course of
CDI depending on bacteria toxicity profile. A retrospective
analysis of case records of 64 children (age range 3 months—
16 years, median age 2.12 years) with CDI as defined by
diarrheal disease and positive polymerase chain reaction
(PCR) test (Xpert C. difficile) was conducted. Modified na-
tional adult guidelines were used to assess the severity of CDI.
CDiIs represented 2.7 % of patients with diarrhea (13.5 cases
per 1,000 admissions). Thirty-three CDIs (52 %) were
community-associated. Antibacterial use preceded CDI in 61
patients (95 %). Seventeen cases (27 %) were binary toxin-
positive (CDT+), 13 of which were NAP1 (20.5 %). Over
75 % of CDIs with NAP1 was hospital-acquired, and more
often proceeded with generalized infection (p <0.05). Risk
factors for severe CDI (34 %) included NAP1 [odds ratio
(OR), 4.85; 95 % confidence interval (Cl), 1.23, 21.86) and
co-morbidities (OR, 4.25; 95 % Cl, 1.34, 14.38). Diarrhea>10
stools daily was associated with severe CDI (p =0.01). Recur-
rence occurred in three patients (4.5 %). There was no mor-
tality. C. difficile is an important factor of antibiotic-associated
diarrhea in children. Co-morbidities and NAP1 predispose to
severe CDI.
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Introduction

Clostridium difficile (CD) was first described in 1935. The
bacteria was found in stool specimens from healthy neonates,
which led to its classification as a commensal [1], and was not
first associated with disease until 1978 [2]. Currently, CD is
one of the main factors of nosocomial infections that cause a
spectrum of antibiotic-associated colitis (AAC), ranging from
mild diarrhea to toxic megacolon [3—5]. Its role is growing as a
result of the common use of broad-spectrum antibiotics, pop-
ulation aging, an increasing number of people afflicted by
chronic conditions, and severe diseases requiring healthcare
interventions [6—10]. It is estimated that, in the last decade, the
rates of Clostridium difficile infection (CDI) have at least
doubled [6, 11, 12]. The epidemiology of CDI in adults has
changed significantly, including severe course of infections,
high rate of relapse, deaths, and cases of community-acquired
CDI without typical risk factors, including hospitalization and
exposure to antibiotics [6, 13, 14]. These changes in adults
have led us to consider a similar change in children. An
important role in the changing epidemiology of CD has been
the appearance of an epidemic hypervirulent strain, North
American Pulsed Field Type 1, PCR ribotype 027 (NAP1),
which has been responsible for outbreaks worldwide [15, 16].
The prevalence of NAP1 in adults varies widely, depending
on the geographical region, although instances of 82 % prev-
alence have been reported [17, 18]. There are few studies
which have reported on the prevalence of NAP1 in children
ranging in age from 0 to 19 years [19, 20].

Despite the increasing number of CDIs and their severity
[21, 22], CD continues to be an underestimated cause of
diarrhea in patients <18 years of age. One reason for the
underestimation of CDI in children is the high rate of asymp-
tomatic colonization (in infants 14—70 %; in children 1-2 years
of age, approximately 6 %), followed by a common percep-
tion that young children are not susceptible to CDI [23-25].
However, data indicate that this perception is only valid for
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neonates [26]. Neonates do occasionally develop CDI and
the frequency of infection appears to have remained con-
stant. The lack of susceptibility likely derives from the
immaturity of neonate enterocytes and corresponding lack
of toxin A receptors [27]. In all other groups of children, the
number of CDIs and CDI-related hospitalizations (CDI-
RH) continues to grow [26, 28]. A relatively large amount
of data exists regarding prominent pediatric patients bur-
dened with a high risk of CDI development, including
Hirschsprung’s disease, inflammatory bowel disease, ma-
lignancies, hematological disorders, and immunodeficien-
cy [29-35]. It has been shown that co-morbidities such as
complex chronic conditions (CCCs) and severe underlying
medical conditions might have increased the risk for C.
difficile-associated disease (CDAD) due to the more fre-
quent contact with healthcare facilities or exposure to antibi-
otics [9, 28]. Despite growing interest in CDAD in children,
much less has been reported on the epidemiology and severity
of CDI in the pediatric population.

The aim of this study was to assess the extent of CDI
among children hospitalized with diarrhea, to assess the
potential risk factors of CDI, to determine risk factors
and predictors of severe CDI, to evaluate the rate of
infections with NAP1, and to compare the course of
the infection and the response to treatment with the
bacteria toxicity profile.

Materials and methods

The study was conducted among children (<18 years of age)
with CDI who were inpatients at the Hospital for Infectious
Diseases in Bydgoszcz (HIDB) between December 12, 2010
and February 15, 2012. CDI cases were defined as patients
with diarrhea and a positive Xpert C. difficile® polymerase
chain reaction (PCR) test (sensitivity 95 %, specificity 100 %).
The Xpert® C. difficile (Cepheid) PCR test identifies genes
associated with CD in stool specimens: fcdB toxin gene, cdt
binary toxin gene, and a deletion in the pathogenicity locus
gene fcdC at nucleotide 117 present in NAP1 ribotype 027.
Only patients presenting with their first episode were eligible
for the study.

The distribution of diarrhea-associated hospitalizations by
etiology and the rates of CD diarrheal diseases in patients were
established. Additionally, the internal laboratory records for
all CD-positive stools were reviewed.

To help assess the role of CDI in the pediatric population,
patients were divided into seven age groups with potentially
differing susceptibility to CDI. The age groups were: neo-
nates, non-newborn infants, children >1-2, 3—4, 5-10, 11-15,
and 16-18 years of age).

We performed a retrospective analysis of the clinical
case records of children with CDI to collect demographic
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data, to evaluate the occurrence of potential risk factors for
CDI, co-morbidities, toxicity profile of the strains, symp-
toms and the course of infection, as well as complications
and outcomes. Follow-up phone calls to guardians were
conducted in instances where case records were lacking
information. Risk factors suspected for CDI included: age,
prior antibiotic exposure (within 8 weeks before the CDI
episode), hospitalization, recent use of acid-blocking
agents (<4 weeks), and co-morbid conditions: severe dis-
eases and CCCs (Table 1). To determine and qualify under-
lying chronic conditions, we used the classification system
for pediatric CCCs, which includes nine categories of can-
cer and non-cancer conditions [36].

There is no accepted definition of severe CDI in children.
Thus, this study employed criteria for severe and severe-
complicated CDI in adults [37, 38], with some modifications
based upon the criteria of previously reported pediatric studies
[21, 39].

Severe disease was defined by two or more of the fol-
lowing: fever >38.5°C, white blood cell count (WBC) >15,000/
mm?®, elevated age-adjusted serum creatinine, albumin <2.5 g/
dl. CDI was classified as severe-complicated if the patient
had at least one of following complications: hypotension,
sepsis, ileus, pseudomembranous colitis, toxic megacolon,
gastrointestinal perforation, the need for intensive care unit
admission, surgery for a CDI-related complication, or
death. To assess the correlation between CDI severity and
other potential risk factors or predictors, we calculated p-
values for additional data (Table 2).

Table 1 Co-morbid conditions among patients with Clostridium difficile
infection (CDI)

No. (%)*
Complex chronic conditions (CCCs) 15 (23 %)
Immunologic or hematologic 23 %)
Respiratory 6 (9 %)
Cardiovascular 23 %)
Gastrointestinal 2 (3 %0
Neuromuscular 4 (6 %)
Metabolic 1 (1.5 %)
Renal 23 %)
Other congenital defects 4 (6 %)
Malignancy 0 (0 %)
Severe diseases 17 (26 %)
Sepsis 14 (22 %)
Enterogenic 12 (19 %)
Urosepsis 23 %)
Meningitis 1(1.5 %)
Severe pneumonia 213 %)

#Numbers and percentages do not sum to the total number of patients
with CCCs or 100 % because some children had multiple CCCs
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Table 2 Characteristics and potential risk factors of severe CDI and CDI
with NAPI

Category Severe Not severe p-Value
Age
<1 year 3 6 p=0.75
1-2 years 5 14
3-4 years 8 10
>5 years 6 12
Strain®
NAP1 9 4 »=0.0068
Non-NAPI 13 38
Co-morbidity 15 12 p=0.0034
No co-morbidity 7 30
Acquisition
HA-CDAD 12 16 p=0.28
CA-CDAD 9 24
Antibiotic use
<14 days before CDI 17 38 p=0.16
>14 days 4 2
<7 days before CDI 13 26 p=1
>7 days 8 14
>2 classes 7 6 p=0.11
0 or 1 class 15 36
PPIs 3 7 p=1
19 35
Co-infection 6 9 p=0.83
16 33
Stools with blood 8 16 p=0.89
>5 per day 16 22 p=0.18
6 20 p=0.011
>10 per day 12 9
10 33
NAP1 Non-NAP1 p-Value
HA-CDADP 9 18 p=0.02
CA-CDAD 3 30
Stools >10 per day 7 14 p=0.10
6 37
With blood 6 18 p=053
7 33
WBC>15,000/mm’ 2 14 p=049
11 37
Fever >38.5°C 7 23 p=0.76
6 28
Generalized infection 7 5 p»=0.0009
6 46
Co-morbidities 7 8 p=0.0079
6 43
Co-infection 4 11 p=0.718
9 40

#Non-NAP1CDT+(four cases) were excluded from the calculation

®Non-defined CDI (four cases) were excluded from the calculation

Statistical analysis

The incidence of CDI cases in HIDB was calculated per
1,000 admissions. The summary statistics for normally
distributed continuous variables were expressed as the
mean and standard deviation and as the median with
interquartile range (25th and 75th percentiles) for non-
normally distributed variables. Categorical variables were
expressed as frequencies. Differences between continu-
ous normally distributed variables were analyzed by the
t-test for normally distributed data or by the Mann—
Whitney U-test for non-normally distributed data. Dif-
ferences for categorical variables were tested using the
Chi-square or Fisher’s exact test for independence.

The assessment of the potential risk factors of severe
CDI was carried out by the use of univariable and multi-
variable logistic regression. The risk factors with p-values
smaller than 0.2 in the univariable analysis were conside-
red for inclusion into the multivariable model. A cut-off
of p<0.05 was used to determine statistical significance.
The software package R version 2.10.1 was used for the
analysis.

Definitions:

CDI Presence of diarrhea (>3 liquid
stools within 24 h) and positive
Xpert C. difficile PCR test.
Hospital-acquired CDAD Symptoms occurred over 48 h
(HA-CDAD) after current admission or CDI
diagnosed within 48 h of
readmission in patients
hospitalized in the previous four
weeks.
Symptoms occurred before or
within 48 h of the current
admission and over 12 weeks after
previous discharge.
Symptoms occurred outside
hospital between >4-12 weeks
after discharge.
Unexplained diarrhea occurring

Community-associated
CDAD (CA-CDAD)

Indeterminate CDAD

Antibiotic-associated

diarrhea (AAD) between 2 h to 2 months after
starting antibiotics.
Relapse of CDI Recurrence of diarrhea within 2 to

8 weeks of a previous CDI
episode. Recurrence of diarrhea
<2 weeks from the previous
episode was considered to be a
continuation of the previous
episode.

Recurrence of diarrhea over

8 weeks after a previous CDI
episode.

Re-infection of CDI

@ Springer



204

Eur J Clin Microbiol Infect Dis (2014) 33:201-209

Results
Study population

During the 26-month observation period, 64 children (33
males, 31 females) ranging in age from 3 months to 16 years
were diagnosed with CDI. The mean age of the patients was
3.33 years (median 2.12 years). The age groups 1-2 and 3—
4 years accounted for the largest proportion of all CDI-RH (30
and 28 %, respectively); however, these groups had the second
and third highest incidences CDI-RH of all age groups (3.8
and 2.9 %, respectively). The highest rate was revealed among
non-newborn infants (4.8 %), but this group accounted for the
lowest rate of all CDI-RH (14 %) (Fig. 1a). There were no
CDI cases among neonates. This group constituted the lowest
proportion of all hospitalized children (1.35 %).

CDI cases represented 2.8 % of 2,238 children hospitalized
due to diarrhea (Fig. 1b). It constituted 13.5 cases per 1,000
pediatric admissions (64/4,656). CD comprised the fourth
highest cause of diarrhea in hospitalized children (Fig. 2).
The majority of the patients with CDI (83 %) were simulta-
neously tested for other common agents of gastrointestinal
infections (rotavirus, enteric adenovirus, bacterial agents in-
cluding Campylobacter spp.). Co-infection was revealed in

Fig. 1 a The incidence of a

Clostridium difficile infection o 100 200

12 children (19 %): with rotavirus (n =8), Salmonella (n=2),
Yersinia (n=2), adenovirus (n=1), norovirus (n=1), and
Campylobacter (n=1). In three of these cases, rotaviral diar-
rhea followed CDI as a nosocomial infection. In three patients,
the co-infection of three pathogens was detected.

In 47 cases (73 %), toxin B-producing strains (B+) were
revealed, while in the remaining 17 (27 %), strains producing
toxin B and binary toxin (B+/CDT+) were observed. Thirteen
of them exhibited the single nucleotide deletion at position
117 typical of hiperwirulent strains NAP1/027 (Fig. 3). The
median age of children with NAP1 was 2.58 years (mean
3.74 years). The majority of cases with NAP1 (69 %) were
classified as hospital-acquired (p =0.02).

Among clinical symptoms, bloody diarrhea occurred in
37.5 % of the patients, abdominal pain and cramping were
listed in 69 % of the children, and over 60 % of CDI cases
conducted with fever (>38°C). Three-fourths of the patients had
common complications of diarrhea: dehydration and electro-
lytes disturbances. Twenty-eight patients had abnormalities on
abdominal sonography (44 %): enlarged mesenteric lymph
nodes in 20 patients, five cases with free fluid in the peritoneal
space, and features of colitis in three cases. Pseudomembranous
colitis was confirmed by endoscopy in one patient with con-
genital immunodeficiency syndrome. Other parents did not
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Fig. 2 The etiology of diarrhea
among hospitalized children. The
numbers and percentages do not
sum to the total number of
patients with diarrhea or 100 %
because some children had
multiple etiological factors

others 54 (2,4%)

Yersinia spp 11
(0,5%)

:I Campylobacter 38
(1,7%)

:I Adenovirus 40 (1,8%)

Clostridium difficile
36 (2,8%)

Salmonella 72 (3,2%)

Rotavirus 623 (28%)

unknown 1450 (65%)

give permission to carry out endoscopy procedures. One patient
(1.5 %) burdened with CCCs (short bowel syndrome, uro- and
ileostomy) needed surgical management due to intussusception
and ileus.

Over half of the children (36/64) were treated with single
orally administered metronidazole and eight children received
both vancomycin (orally) and metronidazole (orally or intra-
venous) concurrently during hospitalization. Approximately
9 % (6/64) received single vancomycin (orally) and three of
them continued the treatment with metronidazole (orally) after
discharge. About 20 % of the patients (13/64) did not require
treatment because of self-limitation of the diarrhea course after
antibiotic therapy discontinuation: nine patients with B+, three
with non-NAP1, CDT+, and one case with NAP1. One child
was treated with rifaximin on account of Sa/monella co-
infection.

Risk factors for CDI

In 61 patients (95 %), CDI was preceded by antibiotics ad-
ministration. Forty-nine (80 %) patients developed CDI dur-
ing antibiotic therapy, lasting 2-30 days (mean 7.0 days;
median 5.5 days) or 2 days to 6 weeks after the end of the
treatment lasting, on average, 7.8 days (12/61, 20 %). Almost
40 % of the patients underwent intensive antibiotic therapy
with two to four antibiotics (in polypragmasy or sequentially)
and/or long-lasting treatment over 2 weeks. The most often
administered antibiotics were second- and third-generation

positive

Fig. 3 The CDI strains distribution

400 600 800 1000 1200 1400

cephalosporins (41/60, 68 %) and amoxicillin/clavulanic acid
(25/60, 42 %) administered i.v., orally, and/or i.m. (Fig. 4).
There was no correlation between CDI and antibiotic therapy
in three patients (5 %), all bottle-fed neonates who had never
received antibiotics before, and their CDI was judged to be
community-acquired.

Among 33 cases (52 %) classified as CA-CDAD, the
majority (30/33) had used antibiotics previously due to com-
mon infections of the respiratory tract, otitis media, gingivitis,
and gastroenteritis (median age 3.8 years). Correlation be-
tween hospitalization and CDI was found in 27 (42 %) chil-
dren (median age 1.8 years). Four cases were undefined.

The presence of co-morbidities was revealed in 22 (34 %)
patients. Severe, life-threatening disease preceded the devel-
opment of CDI in 17 children and CCCs in 15 cases (Table 1).
Ten patients (15 %) received proton-pump inhibitors (PPIs)
prior to the onset of CDI.

Treatment response and outcomes

Good response to the treatment was observed in almost all
patients with normalization of the stools frequency and consis-
tency and regression of clinical symptoms after an average of
3—4 days following the treatment. Ineffectiveness of the first-
line therapy (diarrhea>6 days despite the treatment) occurred in
two cases: one treated with metronidazole (B+/CDT—) and the
other treated with vancomycin (NAPI). In both cases, the
second-line treatment (concurrent administration of metronida-
zole and vancomycin) was effective. Recurrence of CDI symp-
toms was observed in 3 patients (4.5 %): relapse in one case
(1.5 %) with NAP1 burdened with several factors, and in two
cases (B+) re-infection occurred (3 %). There were no deaths.

Risk factors for severe disease
Twenty-two patients (34 %) met the criteria for severe or
severe-complicated CDI: nine cases with NAP1, 12 with B+,

and one patient with non-NAP1, CDT+. CDI with NAP1
significantly more frequently (53 %) proceeded with
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Fig. 4 Exposure to antibiotics during the 6 weeks preceding CDI. The
numbers and percentages do not sum to the total number of patients with
diarrhea or 100 % because some children had multiple antibiotics. (4M-
CL amoxicillin/clavulanic acid, Amox amoxicillin, Ceph III third-

generalized infection (range of plasma procalcitonin levels:
0.99-39 ng/ml and CRP values: 15—procalcitonin occurred in
patients with co-morbidities (Table 2). In comparison, CDI
caused by non-NAP B+/CDT+and B+/CDT— strains was
associated with septicemia in 25 % (1/4) and 8.5 % (4/47) of
the cases, respectively. There were no significant differences in
the course of CDI caused by NAP1 and non-NAP1 consider-
ing the period of diarrhea and type of stools, fever, WBC, and
the response to the treatment (Table 2). CDI associated with
>10 stools per day was significantly more frequent for severe
CDI (p=0.01).

Logistic regression analysis was used to assess the potential
risk factors for severe CDI (Table 3). Ribotype NAP1 027 and
co-morbidities were associated with severe CDI in both the
univariate and in the multivariate analyses. Patients with
NAP1 027 were over four times more likely to develop severe
CDI than patients with non-NAP1 [odds ratio (OR)=4.85 ; 95
% confidence interval (CI) 1.23, 21.86]. Patients with co-
morbidities were also over four times more likely to develop
severe CDI than patients who did not have any co-morbidities
(OR=4.25; 95 % CI 1.34, 14.38).

Discussion
The results of this study indicate that CD is a significant cause

of diarrhea and CDI-RH in children. The frequency of CDI for
pediatric admissions observed in this study (13.5/1,000) is
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generation cephalosporin, Ceph II second-generation cephalosporin,
AMK amikacin, Clarithro clarithromycin, TMP-SMX trimethoprim—sul-
famethoxazole, Clinda clindamycin, MER meropenem)

relatively high compared to other studies. The rate of CDI-
RH was assessed from admissions to HIDB, which is the
largest reference hospital for infectious diseases in the
Kuyavian-Pomeranian Province and receives pediatric pa-
tients from the surrounding regions. The Department of Pedi-
atric Infectious Diseases and Hepatology receives patients
after treatment failure at other institutions, including outpa-
tient clinics and hospitals. A considerable number of the
patients include children with poorly treatable diarrhea. Thus,
a higher frequency of CDI hospitalizations compared to pre-
vious studies is not surprising.

Despite the lower incidence of CDI in previous studies,
most have suggested the continued increase of CDI-RH in
pediatric patients. Kim et al. demonstrated that the annual
incidence of CDAD increased between 2001 and 2006, from
2.6 to 4.0/1,000 admissions. The study was conducted at 22
US children’s hospitals. One of these hospitals reported an
increase from 3.6 to 11.8 cases of CDI per 1,000 admissions, a
227 % increase [28]. Similar trends were found by Zilberberg
et al. in a US cross-sectional study. The rate of CDI-RH
increased from 7.24 to 12.8/10,000 admissions between
1997 and 2006 [26]. The average annual percentage increase
of CDI-RH in studies by Zilberberg et al. and Cade et al.
totaled 9 % and 14.9 %, respectively [26, 40]. Similar obser-
vations involve CA-CDAD. Baker et al., in a 3-year study of
children with non-specific gastrointestinal complaints who
underwent colonoscopy, had noted that the proportion of
CD-positive children increased from 9.5 % (2006) to 27 %

Table 3 Risk factors for

severe CDI Risk factor Unadjusted OR (95 % CI)  p-Value  Adjusted OR (95 % CI)  p-Value
NAP1 027 6.58 (1.82,27.81) 0.0057 4.85(1.23,21.86) 0.0285
Co-morbidities 5.36 (1.81, 17.3) 0.0033 0.0158
PPIs 0.79 (0.16, 3.21) 0.7515 4.25 (1.34, 14.38)
Use of >2 antibiotics classes 2.8 (0.8, 10.1) 0.1052
Age groups 1.11 (0.67, 1.86) 0.6947
Antibiotics use in 14 days before CDI  0.23 (0.03, 1.26) 0.1017
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(2008) [41]. A study by Benson et al. revealed a steady
increase in the number of patients with CDAD in the outpa-
tient setting (1.18 cases/1,000 in 2001 vs. 2.47 cases/1,000 in
2006) and they also noted a significant decrease of CDI
among the outpatients [13].

Routine testing for CD is discouraged in children <2 years
of age [12]. Yet, this group of patients constituted over 43 %
(28/64) of the children with CDI hospitalized at HIDB. It is
estimated that most CDI cases in infants represents coloniza-
tion; however, in our study, infants had a higher rate of CDI. It
is impossible to definitively differentiate between symptom-
atic disease or colonization in these cases, but rapid response
to treatment led us to assume that the latter had occurred. The
highest incidence of CDI was for non-newborns infants. They
constituted 4.2 % among non-newborn infants with gastroen-
teritis and 2.9 % of all hospitalized children in this age group.
However, in relation to all patients with CDI, this group
accounted for only 14 % (9/64). Children in the age groups
>1-2 and 3—4 years represented the highest proportion of all
CDI cases (30 and 28 %, respectively) and had the second and
third highest rates in these age groups. The lack of CDI in
newborns confirms that this group of children is not suscep-
tible to CD and testing due to CDI should be restricted to
newborns burdened with risk factors. Another possible reason
for why this age group lacks CDI is that most newborns with
diarrhea are hospitalized in neonatal units. These results are
partially consistent with findings from previous studies. In a
US study by Zilberberg et al., newborns had the lowest annual
CDI rate of all pediatric age groups (0.5/10,000) [26]. The
highest incidence of CDI-RH was observed in children in the
age group 1-4 years (44.9/10,000), but non-newborn infants
had third highest rate, after children 5-9 years of age. Unlike
our observations, in the study by Zilberberg et al., non-
newborn infants consistently accounted for the largest propor-
tion of all pediatric CDI-RH cases during the observation
period from 1997 to 2006 [26]. In the study by Kim et al.,
neonates represented 5 % and non-newborn infants represent-
ed 26 %. They noted an increasing frequency of CDI over the
5-year study period in children in age groups 1-5 years and 5—
17 years, but did not observe such trends in children <1 year of
age [21]. The median age of the patients was 4 years. A study
by Morinville and McDonald including 200 children reported
a median age of 2.6 years and a mean age of 5.4 years, which
is similar to our study (median and mean age 2.12 and
3.33 years, respectively) [42].

Antibiotic therapy remains the main factor for developing
CDI in children, particularly long-term or polyantibiotic treat-
ment [43, 44]. It preceded CDI in our study in over 94 % of the
cases. There was no correlation between antimicrobial treat-
ment and CDI in nearly 6 % of cases (three infants who had
never used antibiotics previously). The majority of patients
presenting CDI symptoms were concurrently undergoing
treatment with antibiotics known to bring about an increased

risk of CDI (mostly the broad-spectrum cephalosporins and
penicillins). The high correlation of CDI with antibacterial use
was determined by having full access to medical documenta-
tion, including phone contact with guardians as needed. A
higher proportion of CDI linked to antibiotic use (100 %) was
found in a study by Oguz et al., particularly with third-
generation cephalosporins and ampicillin—sulbactam with
aminoglycoside [45]. In other studies, the correlation with
prior antibiotic therapy was lower. The investigations
by Benson et al. and Morinville and McDonald revealed
documented exposure to antibiotics in 57 and 74 % of
patients with CDI, respectively [13, 42]. The study by
Morinville and McDonald reported that cephalosporins
were more often employed and one-third of CDI cases
underwent polyantibiotic therapy [42]. In the study by
Kim et al., 62 % of patients had had recent antibiotic
exposure [21].

In accordance with changes observed in the epidemiology
of CDI in our cohort, CA-CDAD cases predominated and
accounted for 52 % of the patients. The higher incidence of
CA-CDAD cases in pediatric residents revealed by Khanna
et al. constituted 75 % [46].

PPIs were used by 15 % of our patients, but were not a
significant factor for CDI. Baker et al. detected that signifi-
cantly more CD-positive pediatric patients had used H2 re-
ceptor antagonists within the month before testing than CD-
negative patients, but they did not find differences with re-
spect to PPI use [41].

In over half of the children, we found two to four CDI risk
factors. There were no typical risk factors in only three infants
with CA-CDAD (6 %). A similar percentage of CDIs with no
typical risk factors (6.5 %) was reported by Morinville and
McDonald [42].

There is a lack of data concerning the prevalence of NAP1
in the pediatric population. The prevalence of NAP1 found in
our study (20.5 %) is similar to that in the study conducted by
Toltzis et al. in children with gastrointestinal symptoms. They
found NAP1 in 19 % of samples and non-NAP (CDT+) in
1.5 % of'isolates (vs. 6.5 % in our study) [20]. In the prospec-
tive study by Kim et al., NAP1 was found in 11 % of CDI
cases [21]. In contrast, Stoesser et al. compared CD strains
isolated from children with that circulating in adults and did
not find any isolates of NAP1 in healthy children or those with
diarrhea [19].

Consistent with findings from recent studies in adults, CDI
caused by NAP1 was associated with the most severe disease.
NAPI cases constituted 41 % of severe CDIs and over half
proceeded with generalized infection. CDIs with NAP1 were
usually hospital-acquired. This is probably the result of co-
morbidities in these patients (p <0.05) increasing the amount
of contact with healthcare settings, antibiotic therapies, and
infection carriage. Thus, NAP1 and co-morbidities are signif-
icant risk factors for severe CDI. Profuse diarrhea >10 stools
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per day was a single predictor associated with severe CDI
(»=0.01). Kim et al. reported no association between disease
severity and NAP1, although co-morbidity, age, and treatment
with three or more antibiotics classes were all associated with
severe CDI [21]. In another study by Kim et al., underlying
chronic conditions were present in 67 % of children with
CDI [28].

CDI in children is suspected to be less frequent and less
severe than in adults. In comparison to previous pediatric
studies, the rate of recurrences was considerably lower (about
4.5 %) and there were no deaths. There were no differences in
the response to the treatment between CDI caused by NAP
and non-NAP strains. Similar findings were presented by Pai
et al. in their study over a 5-year period. They observed low
morbidity and no CD-related deaths [39]. Khanna et al. re-
ported treatment failure in 18 % of patients treated with
metronidazole, but none among those treated with vancomy-
cin [46]. In the study by Kim et al., relapse concerned one-
fourth of CDIs, CDI-related complications occurred in 17 %,
over half of the patients with CDI had severe disease, and
there were 2 % deaths [21]. In the study by Morinville and
McDonald, the mortality was lower (1 %), but relapses
accounted for over 30 %, mostly in patients with immunode-
ficiency [42], which was approximate to that reported among
adults [47].

Conclusion

Clostridium difficile (CD) is an important etiological factor of
antibiotic-associated diarrhea (AAD), especially in children
hospitalized due to severe illnesses or burdened with complex
chronic conditions (CCCs), as well as community-associated
C. difficile-associated disease (CA-CDAD). Non-newborn
infants and children below 2 years of age are at risk of
symptomatic C. difficile infection (CDI) and constitute a
significant percentage of children hospitalized due to CDI.
Antibiotic therapy is the main risk factor of CDI in children.
NAP1 strain CDI is more likely to present a serious course of
the disease and proceed with generalized infection. NAP1 and
co-morbidities constitute risk factors for severe CDI. CD
strains cause less significant disease among children than
adults, as judged by the number of relapses, poor outcomes,
and deaths.
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