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Effect of Metronidazole in Infants with Bowel Habit Change:
Irrelative to the Clostridium difficile Colonization

Eun Jin Kim, Sung Hyun Lee, Hann Tchah, and Eell Ryoo

Department of Pedlatrics, Gachon University Gil Medical Center, Incheon, Korea

Purpose: Clinical symptoms associated with Clostridium difficile infection (CDI) can vary widely. Carrier state without
apparent symptoms is relatively common during infancy. The objective of this study was to determine the association
of C. difficile colonization with bowel habit change and the effect of C. difficile colonization treatment on restoration
of normal bowel habit.

Methods: Between 2006 and 2014, infants at 1 to 12 months of age with diarrhea for more than 2 weeks who did
not improve with conservative care were recruited from Gachon University Gil Medical Center. Infants who were
followed up for at least 7 days were included. The presence or absence of C. difficile colonization, effect of metronida-
zole, and other medical records were reviewed. To determine the association between CDI and bowel habit change,
logistic regression analysis was used.

Results: Of a total of 126 infants, 74 (58.7%) were male patients. Of the 126 patients, 27 (21.4%) had C. difficile
colonization. Significant (p <0.05) risk factors for C. difficile colonization included artificial milk feeding (odds ratio
[OR], 4.310; 95% confidence interval [CI], 1.564-11.878), prior rotavirus vaccination (OR, 4.322; 95% CI,
1.018-18.349), and antibiotic use (OR, 4.798; 95% Cl, 1.430-16.101). There was improvement in bowel habit after
metronidazole therapy (OR, 0.34; 95% Cl, 0.15-0.79; p <0.05), regardless of the presence or absence of C. difficile
colonization,

Conclusion: There was no significant correlation between bowel habit change and C. difficile colonization during
infancy. However, metronidazole can be used as an optional method to manage functional gastrointestinal disorders.
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INTRODUCTION arrhea is mainly related to persistent intestinal in-
fections, intolerance to specific nutrients such as

Chronic diarrhea in children shows age related cow’s milk protein, and functional diarrhea [1]. For
spectrum. In infants and young children, chronic di- infants, functional diarrhea is a frequent reason for
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consultation with ambulatory pediatrics and pedia-
tric gastroenterology. Persistent diarrhea can lead to
prolonged dehydration and malabsorption. Histori-
cally, health care-associated diarrhea among chil-
dren has been attributed to viral pathogens [2].
However, recently, Clostridium difficile has been in-
creasingly recognized as an important pathogen in
children with persistent diarrhea [3].

C. difficile is a Gram-positive, obligate anaerobic,
and spore-forming bacillus. It can produce toxins A
and B which can cause intestinal diseases [4]. The
prevalence of C. difficile colonization in adults ranges
from 1% to 7%. However, it is higher in infants, rang-
ing from 2% to 75% [5,6]. Although infants rarely de-
velop C. difficile infection (CDI), C. difficile might act
as an important reservoir of pathogen. Clinical
symptoms of CDI are rare. Clinical manifestations of
CDI are mild in infant, although high level of cyto-
toxin can cause severe colitis in adults [7].

Many factors can influence the chance of CDI.
Recognized risk factors for the development of CDI
include antimicrobial therapy, use of proton pump
inhibitors, repeated enemas, use of diapers, pro-
longed nasogastric tube insertion, gastrostomy and
jejunostomy tubes, underlying bowel disease, gas-
trointestinal tract surgery, renal insufficiency, and
impaired humoralimmunity [8]. Previous antibiotic
exposure has been recognized as the single most im-
portant risk factor for CDI development in children [9].

Diarrhea is a common symptom that may present
during infancy. It is the most common cause of acute
infectious diseases. Functional diarrhea is catego-
rized as one of functional gastrointestinal disorders.
It is defined by daily painless, recurrent passage of
three or more large and unformed stools per day for
four or more weeks, in otherwise healthy children
[10]. There is no evidence of failure of children to
thrive if adequate calories are consumed in the diet.
The pathophysiology of functional diarrhea has not
been clarified yet. However, the spectrum of the
pathophysiology of functional diarrhea includes
short feeding interval, immaturity of the gastro-
intestinal tract during infancy, frequent changes in
formula such as weaning food and repeated in-
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fections of the intestinal tract [1].

The effect of digestive tract microorganisms on the
host has not been confirmed. However diverse and
densely populated gastrointestinal microbiota is es-
sential for the regulation of host physiology and im-
mune function. In addition, the complex gastro-
intestinal microbiota plays an important role in
maintaining the intestinal immune system of the
host [11]. CDI is an inflammatory condition in which
homeostasis of the gut microbiota is disturbed, re-
sulting in the presence of diarrhea in patients.
Metronidazole can inhibit the synthesis of nucleic
acid in microbial cells. It has been used as the stand-
ard therapy for managing moderate CDI in children
as it is less expensive. It has the same efficacy as van-
comycin [12]. The reason that metronidazole can be
used to treat CDI might be due to the fact that metro-
nidazole can recover the normal flora accompanied
by the extinguishment of C. difficile.

The objective of this study was to determine the
association of bowel habit change in infants with C.
difficile colonization and the impact of management
of C. difficile colonization with metronidazole on the
restoration of normal bowel habit in infants.

MATERIALS AND METHODS

Study patients

All patients were Korean infants who visited pe-
diatric gastrointestinal clinics of Gachon University
Gil Medical Center from January 2006 to December
2014 due to increased stool frequency presenting as
diarrhea or loose stool and diaper rash or dermatitis.
Individuals aged from 1 to 12 months were subjected
to C. difficile toxin A and toxin B test or C. difficile stool
culture. Those patients who had an increase in stool
frequency (more than 3 times/day) than prior bowel
habit presenting as diarrhea or loose stool for more
than 2 weeks despite conservative management for 2
weeks were included in the study. Exclusion criteria
were as follows: lactose intolerance, a history of prior
chronic diarrhea, other known congenital anomalies,
prior gastrointestinal surgery, and those whose stools
were not analyzed. The research protocol was ap-
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proved by Gachon University Gil Medical Center
Institutional Review Board (IRB no. GBIRB2016-
163).

Definitions

The diagnosis of C. difficile colonization was con-
firmed when C. difficile was identified in the stool cul-
ture or if rapid immunoassay was positive for C. diffi-
cile toxins A and B [5,13]. Bowel habit changes were
defined when the frequency of stool was increased to
at least 3 times a day compared to previous bowel
habits or if the patient had loose or soft stools than
usual which continued for more than 2 weeks.
Restoration of bowel habit was defined as decreasing
frequency of stool as before.

Method

Clinical and environmental data were collected
retrospectively for each patient based on information
included in the medical chart obtained from the hos-
pital database. Basic demographic data, including
birth history (term of birth, birth weight), gender,
age, body weight, type of feeding (exclusive breast
feeding, exclusive formula feeding and a combina-
tion of breast and formula feeding), vaccination his-
tory, and medical treatment including the use of an-
tibiotics were collected and analyzed for all patients.
Former bowel habit checked at the time of the first
visit was used as an indicator of change in bowel
habit. If the infant failed to restore normal bowel
habit within 7 days, the patient was judged as having
bowel habit change.

In this study, patients who had visited several oth-
er primary clinics for sustained loose stool or diar-
rhea over two weeks with diaper rash and mild irrita-
bility were enrolled. We used metronidazole for
these patients until stool test was confirmed as C. dif-
ficile negative. All patients were treated after ob-
tained fully informed consent from their parents.
Oral administration of metronidazole for 7 days was
used as the initial treatment. After that, oral admin-
istration of metronidazole for 3-7 days was used if
the results of stool culture or toxins were positive for
C. difficile. The dose of metronidazole was 20 mg/kg

per day.

We compared the clinical features between the
two groups and analyzed the risk factors for C. difficile
colonization during infancy. Naturally passed stool
samples were collected from the diaper of each in-
fant after defecation.

The extraction of toxin A and toxin B from C. diffi-
cile was conducted using enzyme linked fluorescent
immunoassay (ELFA; VIDAS CDAB, Bio-Merieux
SA, Lyon, France). For C. difficile stool culture, the
collected stool was inoculated onto culture media of
ChromID C. Difficile agar (Bio-Merieux SA) followed
by anaerobic culture for 48 to 72 hours.

Statistical analysis

Descriptive values were expressed as the number
of patients or mean=*standard deviation. Categorical
variables were expressed as proportions. Baseline
characteristics of subjects were compared with
chi-square test for categorical variables and Student
t-test for continuous variables. A logistic regression
analysis was used to adjust for risk factors associated
with CDI and the effect of metronidazole. Statistical
analyses were performed using PASW Statistics 18.0
for Windows (IBM Co., Armonk, NY, USA). A p-val-
ue of less than 0.05 was considered as statistically
significant for all tests.

RESULTS

Characteristics of the study population

Of the 163 patients, 37 patients were excluded
from the study: 7 patients had lactose intolerance, 2
patients had a history of prior gastrointestinal sur-
gery, one patient had a history of chronic diarrhea,
one patient had congenital malformation (pulmonary
artery stenosis), 5 patients whose caretaker refused
the stool examination, and 21 patients because of
loss to follow up (Fig. 1). The remaining 126 patients
(74; 58.7% males) who met the inclusion criteria
were included for baseline evaluation. The mean age
of patients was 7.43+2.43 months. These infants
were divided into two groups according to the pres-
ence of C. difficile colonization. Ninety-nine (78.6%)
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163 Patients

met criteria

v

Patients excluded:
7 Lactose intolerance
2 Prior surgery
1 Prior chronic diarrhea (>3 stooling/day)
1 Other known malformation
5 Not checked the stool exam

147 Patients
met criteria

Bowel habits at 1 week
follow-up

21 Follow up loss j

126 Patients
followed

99 Patients: 27 Patients:

Clostridium difficile colonization, negative

Clostridium difficile colonization, positive

Fig. 1. A flow chart of the
protocol of the present study.

infants were C. difficile colonization negative, where-
as 27 (21.4%) infants were C. difficile colonization
positive. Baseline characteristics between the pres-
ence and absence of C. difficile colonization subjects
are summarized in Table 1. There was no significant
difference in gender, age, weight at birth, gestational
age, body weight, visit date, or treatment history in a
primary health care clinic due to increased stool
frequency.

Risk factors between the group with negative
and positive of C difficile colonization

In this study, C. difficile colonization was strongly
associated with artificial milk formula (AMF) after
excluding those patients who had formula feeding or
a combination of breast and formula feeding. Infants
who received AMF had a greater possibility of being
positive for C. difficile colonization than infants who
received breast milk (odds ratio [OR], 4.310; 95%
1.564-11.878; p<0.05).
Infants who received rotavirus vaccination and those

confidence interval [CI],

with the use of antibiotics also had higher relative
risk of C. difficile colonization (Table 2). Although the
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Table 1. Bascline Characteristics of the 126 Patients

Clostridium difficile

Variable p-value
Negative (n=99) Positive (n=27)

Gender 0.950
Male 58 (58.6) 16 (59.3)

Female 41 (41.4) 11 (40.7)

Age (mo) 7.32+2.50 7.81+2.17 0.354
0-3 6 (6.1) 1 (3.7) 0.525
4-6 27 (27.3) 4 (14.8)

7-9 41 (414) 4 (51.9)
10-12 25 (25.3) 8 (29.6)

Birth weight (kg) 3.06+0.50 3.25+0.45 0.242

Intrauterine period (wk) 0.826
<36 1 (1.0) 0
36-37 7 (7.1) 1 (3.7)

38-41 24 (24.2) 8 (29.6)
>41 67 (67.7) 18 (66.7)

Body weight (kg) 8.49+1.10 8.81+1.37 0.242

Visiting month 0.807
Mar.-May 21 (21.2) (zz 2)

Jun.-Aug. 26 (26.3) (29.6)
Sep.-Nov. 33 (33.3) (37 0)
Dec.-Feb. 19 (19.2) 3 (11.1)

Treatment in primary healthcare for diarrhea 0.219
No 17 (17.2) 8 (29.6)

Yes 41 (41.4) 12 (44.4)
Unknown 41 (41.4) 7 (25.9)

Values are presented as number (%) or mean=standard deviation.
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Table 2. Associations between the Presence of Clostridium difficile Colonization and Other Risk Factors during Infancy

C. difficile (n, %)

Variable p-value OR (95% CI)
Negative (n=99) Positive (n=27)
AMF* 36 (36.4) 19 (70.4) 0.019 4.310 (1.564-11.878)
Rotavirus vaccination 42 (42.4) 17 (63.0) 0.047 4.322 (1.018-18.349)
Usage of antibiotics 35 (35.4) 13 (48.1) 0.011 4.798 (1.430-16.101)
Usage of probiotics 41 (41.4) 11 (40.7) 0.153 5.024 (0.549-15.303)
Usage of gastric acid-suppressive agents 17 (26.3) 5 (18.5) 0.866 0.940 (0.278-2.940)
Treatment in primary healthcare 41 (41.4) 12 (44.4) 0.063 0.269 (0.068-1.072)

OR: odds ratio, CI: confidence interval.
*AMF: artificial milk feeding (exclusive formula feeding and

Table 3. Multivariable Logistic Regression Analysis of Factors
Associated with Bowel Habit Change

Variable OR 95% CI  p-value
Clostridium dificile 1.088 0.416-2.844 0.863
colonization
AMF 1.280 0.840-1.951 0.251
Rotavirus vaccination 1.116  0.631-1.973 0.707
Usage of antibiotics 1.055 0.625-1.782 0.842
Usage of probiotics 1.091 0.581-2.048 0.786

Treatment of metronidazole 0.348 0.153-0.792 0.012

OR: odds ratio, CI: confidence interval, AMF: artificial milk
feeding.

frequency of using probiotics was higher in C. difficile
colonization negative group compared to that in the
C. difficile colonization positive group, the difference
was not statistically significant between the two.
Regarding past history of receiving treatments in a
private clinic, there were no significant difference
between the two groups. Based on multivariate lo-
gistic regression analysis, the following factors had
no statistically significant influence on the occur-
rence of C. difficile colonization: artificial milk feed-
ing, vaccination against rotavirus, and the use of
antibiotics.

Relation between the use of metronidazole
and bowel habit change

When we analyzed the factors that influenced the
change in bowel habit such as C. difficile colonization
(p=0.863), AMF (p=0.251), rotavirus vaccination
(»=0.707), use of antibiotics (p=0.842) and use of
probiotics (p=0.786), the two groups showed no sig-

combination of breast and formula feeding).

nificant difference. However, administration of met-
ronidazole (p=0.012) showed a statistically sig-
nificant influence on change in bowel habit (Table 3).

DISCUSSION

Diarrhea is a very common symptom in infants.
Most cases are acute disease associated with in-
fectious agents. However, functional diarrhea can al-
so be the cause of infant diarrhea. Therefore, clini-
cians must distinguish diseases from functional
diarrhea. A careful history checking such as anti-
biotic use, exposure to enteric pathogens in daycare,
growth problems, fever, rectal bleeding, and signs
and symptoms of allergies should be performed.

Historically, CDI has been regarded as a nosoco-
mial disease. However, it is now becoming increas-
ingly clear that a significant percentage of CDI cases
occur in the community, especially in younger pa-
tients without exposure to hospital or healthcare en-
vironment or with antimicrobial therapy [14]. In pe-
diatric population, approximately 40% of patients
with community-acquired CDI suffer from chronic
gastrointestinal conditions [15]. Several studies
have demonstrated that the use of antibiotics and
exposure to healthcare facilities are associated with
CDI [9,16]. In our study, we found that recent anti-
biotic exposure was a risk factor for CDI in children.
If a change in normal colonic microbiota has oc-
curred due to the use of antibiotics, C. difficile can
easily colonize and produce toxins in the gastro-
intestinal tract of infants depending on the infant’s
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general condition. Consequently, clinical manifes-
tations such as diarrhea might appear.

In addition to history of antibiotic uses, this study
showed that artificial milk feeding and history of ro-
tavirus vaccination were also associated with CDI.
Previous studies on fecal flora in babies have re-
vealed that the count and incidence of C. difficile in ar-
tificial milk fed infants are significantly higher than
those in breast-fed infants [17]. Several different
mechanisms may contribute to the resistance of
breast-fed infants to CDI. One reason for this could
be that immunoglobulin fractions of breast milk can
inhibit the binding of the toxin of C. difficile to its in-
testinal receptor [18].

We only found a trend of increased risk of C. difficile
colonization during infancy following rotavirus
vaccination. The formation of healthy intestinal flora
is important for microbiota-induced host-homeo-
stasis in the first months of life [19]. However, Ang
et al. [20] have demonstrated that rotavirus vacci-
nation has minimal or no effect on individual micro-
biota profiles of intestinal environment in three
infants. Although changes of gut microbiome were
not observed in infants, rotavirus vaccination could
interact with intestinal mucosa and modify im-
munity during infancy. Hence, rotavirus vaccination
might have an influence on CDI. No previous study
has assessed the correlation between rotavirus vacci-
nation and CDI. Therefore, further pediatric studies
are needed to clarify the association between CDI
and rotavirus vaccination.

Gastric acid suppressive drugs have been used to
treat conditions such as dyspepsia, gastroesophageal
reflux disease, stress ulcer prophylaxis, laryngophar-
yngeal reflux, duodenal ulceration, and Helicobacter
pylori infection. In 2007, Leonard et al. [21] system-
atically reviewed 12 papers and evaluated the effect
of previous use of acid suppressive drugs on CDI.
They showed that the risk of CDI was greater with
prior use of acid suppressive drugs. For this reason, it
has been hypothesized that elevated gastric pH can
influence the CDI risk by facilitating bacterial colo-
nization of the upper gastrointestinal tract or the
survival of vegetative phase of C. difficile in the stom-
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ach [9]. Several studies have found that gastric acid
suppression is significantly associated with both ini-
tial CDI and CDI recurrence [22,23]. On the other
hand, the present study demonstrated that the pres-
ence of C. difficile colonization was not associated
with use of gastric acid-suppressive agents (OR,
0.940; 95% CI, 0.278-2.940; p=0.866) (Table 2). Such
discrepancy might be due to differences in sample
size (which was small in this study compared to that
in previous studies) and study targets.

Probiotics are live microorganisms. When ad-
ministered in adequate dosage, probiotics can confer
health benefit to the host. A wide variety of pro-
biotics have been tested and used to prevent or treat
CDI. Researchers have proposed that probiotics
might be able to prevent diarrhea by maintaining the
flora of the gut. However, the benefit of routine pro-
biotic administration for preventing CDI is uncertain
[24]. One meta-analysis has suggested that pro-
biotics prophylaxis can result in a large reduction in
CDI without increasing clinically important adverse
events [25]. On the other hand, other researchers
have suggested that routine use of probiotics might
not be effective in preventing CDI [26,27]. In the
present study, colonization of C. difficile was not asso-
ciated with the use of probiotics.

This study showed that the presence of C. difficile
during infancy was not associated with infantile
diarrhea. Asymptomatic intestinal colonization by C.
difficile is common during early infancy. Our result is
consistent with the finding of a previous study show-
ing that there is no correlation between infantile di-
arrhea and colonization of C. difficile [28].

Infants with C. difficile have been regarded as a res-
ervoir of C. difficile contamination. In the study of Loo
et al. [29], asymptomatic C. difficile colonization was
defined as positive stool culture for C. difficile in the
absence of diarrhea. There has been no adequate evi-
dence to support metronidazole therapy as routine
management for fecal colonization by C. difficile [30].
On the other hand, this study demonstrated that
there was improvement in bowel habit after metro-
nidazole therapy regardless of C. difficile colonization.

Irritable bowel syndrome, a common functional
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gastrointestinal disorder, can be associated with gas-
trointestinal symptoms such as altered bowel func-
tion. Although the causes of irritable bowel syn-
drome remain undefined, several studies have in-
creasingly suggested the roles of gut microbiota
[31,32]. Arecent study by Lembo et al. [33] has dem-
onstrated that rifaximin treatment is efficacious for
diarrhea-predominant irritable bowel syndrome.
They have suggested that rifaximin might have ben-
eficial influence on the gut microbiota. Gut micro-
biota can prevent infection by harmful microor-
ganisms through direct inhibition (releasing anti-
microbial compounds), competition, or stimulating
immune defenses of the host [34]. Consequently, be-
cause imbalances in gut microbiota have been asso-
ciated with pathologies affecting human health,
treatment with antibiotics such as metronidazole in
infants with diarrhea is thought to alter infant’s
commensal intestinal flora that can inhibit the pro-
liferation of C. difficile [13].

The limitations of our study include the use of ret-
rospective data and a single center analysis. Another
limitation of our study was that the sample size was
small compared to that used in previous studies.
Lastly, although enrolled and non-enrolled children
did not appear to differ in terms of demographic
characteristics, we could not rule out the possibility
of unknown biases which might have affected our
disease burden estimates. Therefore, further studies
in other tertiary population-based cohorts are need-
ed to validate our results.

In summary, there was no significant association
between bowel habit change and C. difficile colo-
nization during infancy. On the other hand, treat-
ment of functional gastrointestinal disorder with
metronidazole during infancy was correlated with
improved gastrointestinal symptoms. These findings
are useful for controlling symptoms in infants with
chronic diarrhea due to the possibility of controlling
gut microbiota.
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