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Clinical Characteristics of Symptomatic Clostridium difficile 
Infection in Children: Conditions as Infection Risks and 
Whether Probiotics Is Effective
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Purpose: This study investigated the clinical presentations of symptomatic Clostridium difficile infection (CDI) in 
children. 
Methods: We reviewed the medical records of 43 children aged ＜20 years who showed either positive C. difficile
culture or C. difficile toxin test results between June 2010 and April 2014. 
Results: Of the 43 patients (mean age 6.7 years), 22 were boys. Sixteen patients (37.2%) showed both positive 
C. difficile culture and toxin test results. Seventeen out of 43 children (39.5%) had preexisting gastrointestinal dis-
eases, and 26 children had other medical conditions that were risk factors for CDI. Twenty-eight children had a history 
of antibiotic treatment for ＞3 days, and the most frequently prescribed antibiotic was amoxicillin-clavulanate (35.7%). 
Twenty-eight patients were diagnosed with CDI despite taking probiotic supplements, most commonly Lactobacillus 
acidophilus (53.6%). The most common symptom was diarrhea (72.1%) at the time CDI was diagnosed. C. difficile
was eradicated in 11 patients (25.6%) after treatment with oral metronidazole for 10-14 days, and in the two patients 
(4.6%) who required two courses of oral metronidazole. Sixteen patients (37.2%) showed clinical improvement with-
out any treatment. 
Conclusion: This study showed the various clinical characteristics of CDI in children and that preexisting clinical 
conditions favored the development of CDI. In addition, CDI was found to occur in a number of patients even after 
probiotic prophylaxis given in conjunction with antibiotic therapy. 
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INTRODUCTION

　Clostridium difficile was first isolated in 1935 by Hall 
and O’Toole [1], and is one of the most common 

causes of antibiotic-associated diarrhea in high-in-
come countries. C. difficile is a gram positive, cytotox-
in-producing anaerobic bacterium commonly exist-
ing in colonies without exhibiting symptoms. How-
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ever, under stressful conditions such as exposure to 
antibiotics, it causes symptoms due to disruption of 
the intestinal microflora barrier. The symptoms of C. 

difficile infection (CDI) vary from mild diarrhea 
(usually self-limited) to pseudomembranous colitis, 
fulminant colitis, toxic megacolon, and even death 
[2]. In healthy newborns and infants are infected by 
enteric C. difficile, but the potent exotoxins have no 
effect in these infants, in contrast to severe diarrhea 
and colitis in older children and adults [3,4].
　The incidence of CDI has rapidly increased since 
1990, and the mortality rate has increased markedly 
since 2000 [5-8]. The incidence of CDI in children 
and the median hospital charge for this diagnosis 
code have increased [9,10]. 
　The importance of a high number of lactobacilli in 
intestinal flora for the health and longevity of hu-
mans was first acknowledged before the 20th cen-
tury [11]. In 1965, Lilly and Stillwell [12] first used 
the term “probiotics.” Since then, various types of 
probiotics were found. Many scientists believed that 
such probiotics would be effective for CDI due to 
their ability to maintain normal flora. Although 
many studies are available about the relationship be-
tween probiotics and their effects on the prevention 
and treatment of CDI in adults, this relationship is 
not well known in children. 
　In this study, we investigated the clinical charac-
teristics of symptomatic CDI in children and adoles-
cents based on the clinical presentation, related pre-
existing gastrointestinal (GI) disease, implicated an-
tibiotics, and whether various probiotics really have 
protective effects against CDI.

MATERIALS AND METHODS

Sample collection 
　Positive C. difficile culture or C. difficile toxin A, B 
test results were found in 775 patients at Hanyang 
University Medical Center between June 2010 and 
April 2014. Among the 775 patients, 732 patients 
aged ＞20 years were excluded. Therefore, 43 pa-
tients were included in this study. All 43 patients had 
any GI symptoms when they were diagnosed with 

CDI, and three had more than one episode of CDI. 

Isolation of C. difficile and Detection of 
Toxin A and B 
　The stool samples were pre-treated with 99% etha-
nol for 30 min at room temperature. The samples 
were inoculated on selective media with antibiotics 
(Clostridium difficile Moxalactam Norfloxacin), and 
cultured anaerobically for 24-48 h at 36oC. Suspected 
C. difficile colonies were identified with an API Rapid 
ID 32A system (bioMérieux SA, Lyon, France). C. dif-
ficile toxin A and B were detected by VIDAS C. difficile 
Toxin A&B (bioMérieux SA) kits.

Methods
　We retrospectively reviewed data of patients from 
medical records, including age and sex distribution; 
the number of patients with preexisting GI disease; 
the number of patients with a history of antibiotic 
treatment during the former several months; which 
antibiotics were implicated; the number of patients 
treated with probiotic therapy in conjunction with 
the antibiotics to protect against CDI; and erad-
ication treatment. The treatment plan was as follow-
ings; for patients with suspected CDI, ongoing anti-
biotic treatment was stopped. If symptoms of CDI 
persisted for 5 days after antibiotic withdrawal, 
treatment for CDI was started. Oral metronidazole 
for 10-14 days was the initial treatment, followed by 
oral vancomycin for 10 days if stool culture results 
after metronidazole treatment were positive for C. 
difficile. Oral metronidazole treatment was repeated 
in two patients because their parents did not provide 
consent for oral vancomycin treatment. 

Statistical analysis
　 Data were analyzed using IBM SPSS Statistics 
21.0 (IBM Co., Armonk, NY, USA). Continuous vari-
ables were represented as mean±standard devia-
tion. Categorical variables were analyzed using the 
chi-square test or Fisher’s exact test. p-values ＜0.05 
were considered statistically significant. 
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Fig. 2. The proportion of toxin-positive Clostridium difficile in 43
patients.

Table 1. Preexisting Clinical Conditions that Increase Predisposition to Clostridium difficile Infection

Preexisting clinical condition Patient 
Patients previously 

on antibiotic therapy
Patients previously 

on probiotics for CDI prevention 

Pre-existing gastrointestinal diseases(+)
　Crohn’s disease* 
　Eosinophilic and or allergic colitis 
　Gastrointestinal complications of chemotherapy 
　Recurrent abdominal pain
　Chronic diarrhea
　Constipation
　Diverticulitis
　Zinc deficiency with diarrhea
Pre-existing gastrointestinal diseases(−)
　Extra-intestinal infections†

  Long-term hospitalization 
　　Surgery (extra-intestinal) and/or trauma
　　Prematurity with NICU hospitalization*
　Acute gastroenteritis
　Mesenteric lymphadenitis
　Tuberculosis (pulmonary)
　None
　Total

17
4
3
3
2
2
1
1
1

26
12

5
3
3
1
1
1
43

7 (41.2)
0
2
3
0
1
0
1
0

21 (80.8)
12

5
0
2
1
0
1

28 (65.1)

10 (58.8)
3
2
0
1
2
0
1
1

18 (69.2)
11

2
2
2
1
0
0

28 (65.1)

Values are presented as number only or number (%).
CDI: Clostridium difficile infection, NICU: neonatal intensive care unit.
*Three recurrent CDI episodes in the 2 patients with Crohn’s disease; two recurrent CDI episodes in 1 prematurity. †Otitis media,
tonsillitis, pneumonia, bronchitis, sepsis, sinusitis.

Fig. 1. Age and sex distribution of 43 patients with Clostridium
difficile infection.

RESULTS

　Among the 43 patients with CDI, 22 were boys and 
21 were girls. The majority of children were aged ≤3 
years (22 children, 51.2%), and 15 were aged ＜1 

year (34.9%). The mean age of the patients was 
6.7±6.8 years, which was higher in boys (8.7 years) 
than in girls (4.8 years) (Fig. 1).  
　Forty patients showed a positive C. difficile culture 
result, and 19 patients (44.2%) showed a positive C. 
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Table 2. Antibiotics Used prior to Clostridium difficile Infection

Antibiotic Case Duration (d)

Amoxicillin-clavulanate
Trimethoprim/sulfamethoxazole
Cefotaxime
Cefdinir
Ampicillin
Gentamicin
Cefepime
Ceftriaxone

10
6
4
4
2
2
2
2

10.2±6.9
214.3±291.1

8.0±4.7
13.3±12.3

3.5±0.7
3.5±0.7
6.5±2.1
13±4.2

Values are presented as number only or mean±standard deviation.

Table 3. Kinds of Probiotics Prescribed for the Prevention of
Clostridium difficile Infection

Kinds of Probiotics Case Duration (wk)

Lactobacillus acidophilus
Bacillus subtilis
Streptococcus faecium
Saccharomyces boulardii
Lactobacillus casei variety rhamnosus
VSL#3 (Danisco, Madison, WI, USA)*
Unknown 

15
13
13
6
5
2
2

32.0±58.3
29.4±59.0
29.4±59.0
36.7±80.6
2.4±1.6

150.5±71.4
2.9±3.0

Values are presented as number only or mean±standard deviation.
*Streptococcus thermophilus, Bifidobacterium breve, Bifidobacterium 
longum, Bifidobacterium infantis, Lactobacillus plantarum, Lactoba-
cillus paracasei, Lactobacillus delbruekii subspecies bulgaricus.

difficile toxin A or B result. Sixteen patients (37.2%) 
showed both positive C. difficile culture and C. difficile 
toxin test results. Three patients showed a positive 
toxin test result, but negative culture result. The age 
distribution of toxin-positive CDI was similar to that 
of culture-positive CDI. Twelve patients (63.2% with 
toxin-positive CDI) were aged ＜3 years (Fig. 2).
　Seventeen out of 43 children (39.5%) had preex-
isting GI diseases: four had Crohn’s disease; three 
had allergic colitis and/or eosinophilic colitis; three 
had severe GI complications associated with chemo-
therapy; two had recurrent abdominal pain; two had 
chronic diarrhea; and one child each had con-
stipation, diverticulitis, and zinc deficiency with 
diarrhea. Twenty-six patients (60.4%) had no history 
of GI diseases but had various other medical con-
ditions: 12 with extra-intestinal infections (otitis 
media, tonsillitis, pneumonia, bronchitis, sinusitis, 
sepsis) and were treated with antibiotics for greater 
than 3 days; three premature babies who were hospi-
talized long-term in the neonatal intensive care unit; 
and five hospitalized for a major extra-intestinal op-
eration and/or trauma (Table 1).
　Twenty-eight out of 43 patients (65.1%) were pre-
viously exposed to antibiotics during the former sev-
eral months, and 22 kinds of antibiotics were pres-
cribed. The most common antibiotic was amox-
icillin-clavulanate, used in 10 patients (35.7%). 
Trimethoprim/sulfamethoxazole was used in 6 pa-
tients (21.4%), and for long-term prophylaxis of pro-
tozoal infections in two patients who had cancer. 
Cefotaxime and cefdinir were used in 4 patients, re-

spectively (14.2%). Ampicillin, gentamicin, cefe-
pime, and ceftriaxone were used in 2 patients each 
(7.1%) (Table 2). 
　Probiotics were prescribed for prophylaxis of CDI 
in 28 patients concomitantly with antibiotic therapy. 
Twelve different kinds of probiotics were identified, 
and the mean duration of probiotic treatment was 
32.9±61.7 weeks. The patients with Crohn’s disease 
had taken probiotics for many years previously. 
Lactobacillus acidophilus was the most commonly used 
(15 patients, 53.6%), followed by Bacillus subtilis and 
Streptococcus faecium (Table 3).
　The most common clinical symptom was change in 
stool at the time CDI was diagnosed, especially wa-
tery diarrhea in 31 patients (72.1%). Other major 
symptoms were abdominal pain, fever, and vomiting. 
Abdominal pain was more commonly seen in pa-
tients with preexisting GI diseases. However, there 
were no other statistically significant relationships 
among underlying GI diseases, history of antibiotic 
treatment, or prophylactic probiotics (Table 4). 
　Eleven patients (25.6%) treated with metronida-
zole for 10-14 days (1 cycle) showed negative C. diffi-
cile culture results on follow-up. C. difficile was eradi-
cated in the two patients treated with two cycles of 
oral metronidazole. Oral vancomycin was admini-
stered to four symptomatic patients with positive C. 

difficile stool culture results; negative C. difficile culture 
results were obtained after treatment in 3 of the 4 
patients. One of the patients with Crohn’s disease 
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Table 5. Response to Various Treatment Regimens for Clostridium difficile Infection

Treatment methods
Preexisting gastrointestinal diseases(+) Preexisting gastrointestinal diseases(−)

Case (n) CD culture(−) (n) Case (n) CD culture(−) (n) 

Metronidazole 10-14 days, once
Metronidazole 10-14 days, twice or more
Vancomycin 10 days, one time after metronidazole
 treatment failure
Additional metronidazole 10 days after oral
 vancomycin treatment failure
Clinical improvement with no treatment 
Clinical improvement with metronidazole or
 ciprofloxacin* but lost to follow-up 
No treatment and lost to follow-up
Total

7
1
3

1

3
1

1
17

7
1
2

1

Not performed
Not confirmed

Not performed

4
1
1

0

13
5

2
26

4
1
1

0

Not performed
Not confirmed

Not performed

*Ciprofloxacin was prescribed in 1 patient.

Table 4. Presenting Symptoms of Clostridium difficile Infection; Comparisons to Previous and Concurrent Clinical Conditions

Preexisting gastrointes-tinal diseases Previous antibiotic treatment Prophylactic probiotic treatment

(+) (−) (+) (−) (+) (−)

Diarrhea
Bloody stool
Abdominal Pain
Fever
Mucoid stool
Vomiting

11
3

10*
4
4
1

20
12
5*
9
5
2

21
11
9

10
4
2

10
4
6
3
5
1

22
12

9
9
6
2

9
3
6
4
3
1

*p=0.008. 

was a vancomycin non-responder (repeated C. difficile 
positivity), but GI symptoms were relieved after oral 
vancomycin; hence, eradication treatment was stop-
ped. Repeat oral metronidazole treatment was ad-
ministered in one child with persistent symptoms af-
ter oral vancomycin treatment; C. difficile stool culture 
results were negative after this treatment. Six pa-
tients showed clinical improvement with metronida-
zole or ciprofloxacin, but were lost to follow-up with 
no stool data. Sixteen patients (37.2%) showed clin-
ical improvement without any treatment (Table 5).

DISCUSSION

　C. difficile is one of the common infectious causes of 
health care-related. It is a Gram-positive, spore- 
forming anaerobic rod bacterium that produces 
toxin. It can cause diarrhea and colitis due to in-

flammation of the intestinal epithelium and cell 
death. CDI incidence is lower in children than in 
adults. Due to the protective effects of the premature 
immune system and maternal antibodies, it is often 
remains asymptomatic in its simple colonized form 
after infection [13]. Similarly, the proportion of tox-
in-positive CDI in our study was lower than that in 
other age groups. At the age of two, the percentage of 
asymptomatic, simple colonized-form decreases to 
6%, and after two years old, the rate drops to the sim-
ilar percentages in adults (3%) [14]. In other words, 
the incidence of CDI tends to rapidly decrease after 
the age of 2 years [15,16]. Similar to the epidemiol-
ogy studies in the United States, our study also 
showed that 40% of children with confirmed CDI 
were aged ＜2 years. One of the two neonates in our 
study who was ＜1 month of age showed both pos-
itive C. difficile culture and C. difficile toxin test results. 
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Two neonates showed clinical improvement without 
any treatment. Our study participants were children 
with acute GI symptoms; therefore, the actual in-
cidence of CDI could be slightly different in each age 
group.
　Unlike in adults, risk factors in children are not 
well known. Known CDI risk factors and predispos-
ing conditions in children include the following: 
young age, prolonged hospitalization, gastrostomy or 
jejunostomy tube feeding, broad-spectrum antibiotic 
therapy, hematopoietic stem cell and solid-organ 
transplantation, inflammatory bowel disease (IBD), 
neoplastic disease, immunodeficiency, cystic fibrosis, 
fungal infection, and viral gastroenteritis. In chil-
dren, a significant association between CDI and pro-
ton-pump inhibitors therapy is more controversial 
[17,18]. In this study, most of the children with con-
firmed CDI also had at least 1 risk factor. Change of 
intestinal normal flora was thought to cause the un-
derlying GI disease; further studies should be per-
formed to identify the types of underlying diseases 
that cause CDI. In a study on the relationship be-
tween CDI and IBD, there was no difference between 
type of IBD and CDI in pediatric patients, though CDI 
was more common in ulcerative colitis patients in 
adults [19]. CDI is a well-known hospital-acquired 
disease. A study concerning the possibility of person 
to person transmission of C. difficile via molecular bio-
logic methods revealed that there was no matching of 
the strains among the infected children, suggesting 
C. difficile was prevalent in the hospital environment 
in the shared spaces [20].
　Many studies have found a relationship between 
antibiotic use and CDI. In adults, cephalosporins and 
fluoroquinolones increase predisposition to CDI 
compared with other antibiotics [21,22]. On the con-
trary, a study on the relationship between CDI and 
antibiotics in children showed that cefotaxime, ami-
kacin, ampicillin, cefazolin, and vancomycin were 
most commonly associated with the development of 
CDI [23]. In our study, 10 of 26 patients with pre-
vious antibiotic exposure had been treated with 
amoxicillin-clavulanate. This is likely because amox-
icillin-clavulanate is currently one of the most com-

monly preferred prescriptions in Korea. 
　Incidence of CDI has increased, and often pro-
gresses to severe disease. Many prevention measures 
for CDI have been used, including limiting the use of 
prophylactic broad-spectrum antibiotics, isolating 
infected patients in the hospital, and using appro-
priate hand washing. In addition, many studies have 
been conducted on the relationship between CDI and 
probiotics. The effect of probiotics on antibiotic- asso-
ciated diarrhea is well known; probiotics use has also 
proven relatively effective for CDI. Also, the study of 
Saccharomyces boulardii has been increasingly used for 
prophylaxis of CDI, and many studies are on-going 
about other intestinal medicines [17,24-26]. Howev-
er, except for a case report of S. boulardii treatment for 
recurrent CDI, the number of large-sized studies on 
the prophylactic effect of CDI with probiotics other 
than S. boulardii is limited [17,27]. In our study, CDI 
was confirmed in 28 patients who had been treated 
with probiotics (including S. boulardii). Although the 
two patients with Crohn’s disease had been treated 
with probiotics for ＞1 year, they still repeatedly pre-
sented with symptomatic CDI.
　The limitations of this study are the lack of a con-
trol group because of the retrospective nature of the 
study, and inability to measure the dosage of the pro-
biotics given for prophylaxis of CDI. It was reported 
that a high enough dose of probiotics (5 billion col-
ony-forming unit/day) may be effective in treating or 
preventing one out of seven cases of diarrhea [28]. In 
addition, all patients in our study had acute GI symp-
toms, there was no need to separate those with tox-
in-positive CDI and culture-positive CDI. In our 
study, we performed multiplex polymerase chain re-
action on five patients for supplemental diagnosis; 
four of these patients showed positive results. 
However, the number of patients was very small for 
the data to be significant. Further evaluations should 
be performed in children to accurately diagnose CDI 
and to determine the use of probiotics as prophylaxis.
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