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Pumpose: To examine the prevalence of Clostridium difficile (C. difficile) colonization (CDC) and potential neonatal
determinants of CDC in hospitalized preterm infants.

Methods: Fecal samples were serially collected within 72 h after birth and at 1, 2, and 4-6 weeks of age
from preterm infants in the neonatal intensive care units (NICUs) of two different university hospitals. Total
bacterial DNA was extracted from each fecal sample from 49 infants, and polymerase chain reaction (PCR)
was performed with primers for the 16S gene of C. difficile and the toxin A and toxin B genes. The correlation
between the results of C. difficile PCR assays and the clinical characteristics of the infants was analyzed.
Results: The prevalence rates of CDC were 34.7, 37.2, 41.3, and 53.1% within 72 h after birth and at 1,
2, and 4-6 weeks of age, respectively. The toxin positivity rate was significantly higher in the infants with
persistent CDC than in those with transient CDC (8/12 [66.7%] vs. 6/25 [24.5%] (p=0.001). Among the various
neonatal factors, only the feeding method during the first week after birth was significantly associated with
persistent CDC. Exclusive breast-milk feeding (EBMF) significantly decreased the risk of persistent CDC compared
to formula or mixed feeding (adjusted odds ratio: 0.133, 95% confidence interval: 0.02-0.898, p=0.038).
Conclusion: The prevalence of CDC increased with the duration of hospitalization in preterm infants in the
NICU. EBMF during the first week after birth in hospitalized preterm infants may protect against persistent
CDC. (Pediatr Gastroenterol Hepatol Nutr 2012; 15: 29~ 37)

Key Words: Clostridium difficile, Preterm infants, Breast-milk feeding, NICU

INTRODUCTION the important etiologic agents of pseudomem-
branous colitis in older children and adults, causes

Clostridium difficile (C. difficile), which is one of an asymptomatic infection in most neonates and
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young infants [1-3]. Likewise, in most cases, colo-
nization of hospitalized preterm infants in the neo-
natal intensive care unit (NICU) is not apparently
harmful; however, the association of C. difficile col-
onization (CDC) with necrotizing enterocolitis or
nonspecific gastrointestinal symptoms such as di-
arrhea has been infrequently reported [4-7]. In ad-
dition, recent case reports suggested that C. difficile
could be transmitted from infants with asympto-
matic colonization to their nursing mothers, who
subsequently develop recurrent pseudomem-
branous colitis [8,9]. C. difficile strains identical to
those in adults were identified in asymptomatic in-
fants even in the community [10]. Therefore,
asymptomatic C. difficile infection in preterm in-
fants may be medically important in the aspect of
the potential of infected neonates to serve as reser-
voirs for C. difficile transmission in older children
and adults, leading to symptomatic infection.

The establishment of healthy intestinal micro-
biota during the neonatal period is considered im-
portant in preventing certain diseases in the future
lifetime based on a large amount of recent research
on the intestinal microbiota [11,12]. According to
the results of previous research, the candidate fac-
tors influencing the development of the intestinal
flora in early life include the mode of delivery, feed-
ing type (breast-milk or formula feeding), gesta-
tional age, history of hospitalization, and antibiotic
use [13,14]. Consequently, preterm infants are un-
likely to have a healthy intestinal microbiome be-
cause they are delivered via cesarean section, fre-
quently supplemented with premature formula,
mostly hospitalized for lengthy periods in the spe-
cial medical environment of the NICU, and treated
with antibiotics in many cases. However, the results
of these previous studies are inconsistent, in con-
trast with those of studies of healthy term infants
[15-17]. Moreover, CDC and its related factors in
preterm infants have not been fully investigated be-
cause many studies did not differentiate between
different species of the genus Clostridium [6,18,19].
In Korea, to our knowledge, only one study inves-
tigated CDC in preterm infants [20].
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The aims of the present study were to monitor
the prevalence of CDC and its toxin positivity and
to examine the influence of a variety of potential
determinants of CDC in the preterm infants by de-
tecting C. difficile and its toxin in serially collected
fecal samples from the infants in two NICUs over
the first several weeks of life and collecting clinical
information from their medical records.

MATERIALS AND METHODS

Subjects

From April 2007 until March 2008, preterm in-
fants were recruited from the NICUs of University
Hospitals A and B. Fecal samples from spontaneous
defecations were serially collected within 72 h after
birth and at 1, 2, and 4-6 weeks of age, although
some of the 72-h fecal samples were obtained by
normal saline enema because there was no sponta-
neous defecation in some of the infants. The pre-
term infants who had chromosomal abnormalities,
congenital heart diseases, sepsis, and severe birth
asphyxia were excluded. This study was conducted
with informed consent from the infants’ parents,
and the protocols for this study were approved by
the Institutional Review Board of Seoul
Metropolitan Government Seoul National University

Boramae Medical Center.

Methods

1. Stool collection and DNA isolation: Fecal sam-
ples were collected in sterile tubes and immediately
frozen at —20°C. They were transferred to the labo-
ratory on dry ice within 72 h of collection for fur-
ther processing. Total bacterial DNA was extracted
from each fecal sample using a commercial DNA
isolation kit (QIAamp® DNA Stool Mini Kkit;
QIAGEN, Germantown, MD, USA) with some mod-
ifications as described previously [21]. After quality
assessment and quantitation, the extracted bacte-
rial DNA was amplified using the GenomiPhi V2
DNA Amplification kit (GE Healthcare, Piscataway,
UK) for polymerase chain reaction (PCR) assays.
The bacterial DNA for C. difficile (ATCC 9689) was
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Table 1. Sequences of Primers and Optimized Conditions for PCR

PCR Gene Primer Oligonucleotide sequence (5'—3') Ar.nphcon Anneah?g Reference
size (bp) temp (°C)

C. difficile 16S F TTGAGCGATTTACTTCGGTAAAGA 157 58 22
R CCATCCTGTACTGGCTCACCT

Toxin A tcdA NK2 CCCAATAGAAGATTCAATATTAAGCTT 252 55 23,24
NK3 GGAAGAAAAGAACTTCTGGCTCACTCAGGT

Toxin B tcdB NK104 GTGTAGCAATGAAAGTCCAAGTTTACGC 205 60 23,24
NK105 CACTTAGCTCTTTGATTGCTGCACCT

also isolated at the stationary growth phase as a
positive control for PCR assays.

2. PCR assays: A total of 187 DNA samples were ob-
tained from each fecal sample serially collected within
72 h after birth and at 1, 2, and 4-6 weeks of age
for 49 infants (Hospital A: 26; Hospital B: 23). PCR
amplification of the 16S rRNA gene of C. difficile was
performed, and for DNA samples displaying positive
results in this first PCR assay, two PCR assays were
performed with primers directed at the toxin A gene
(tcdA) and toxin B gene (tcdB) (Table 1) [22-25]. All
PCR amplifications were performed using TaKaRa Ex
Taq (Takara Bio Inc, Shiga, Japan). Reaction mixtures
consisted of approximately 200 ng of template DNA,
10 pmol each primer, 1.25 U of Taq polymerase, 4 11
dNTP mixture (each 2.5 mM), 5 xl 10X Ex Taq
Buffer, and water to a total volume of 50 1. The re-
action mixtures were subjected to amplification in a
DNA thermal cycler (Mastercycler gradient®; Eppen-
dorf AG, Hamburg, Germany) with the following cy-
cling conditions: initial denaturation at 95°C for 5
min followed by 35 cycles of denaturation at 95°C for
20 s, annealing at the specified annealing temper-
ature for 30 s (C. difficile), 2 min (toxin A), or 60 s
(toxin B), and extension at 72°C for 45 (C. difficile)
or 40 s (toxin B). A final extension at 72 (C. difficile)
or 74°C (toxins A and B) for 5 min was performed.
Two independent PCR reactions were performed for
each sample. The amplification products were exam-
ined by electrophoresis in a 1.5% agarose gel and
documented with the Bio-Rad Gel Doc 1000 Doc-
umentation System (BioRad, Hercules, CA, USA).

3. Neonatal characteristics influencing CDC. The
neonatal characteristics examined were gestational

age (weeks), birth weight, mode of delivery, the
age of first feeding, the age of the first full feeding
(the age of the preterm infant at which the amount
of enteral feeding reached 100 ml/kg/day), pres-
ence/absence of nil per os (NPO) for more than 72
h after birth, exclusive breast-milk feeding (EBMF)
for more than the first 7 days, EBMF after reaching
full feeding, the use of antibiotics in the first week
or after the first week, and the hospital (A or B).

4, Statistical analyses: We examined the data for
normality by using the Kolmogorov-Smirnov test of
normality. Categorical variables were summarized as
the percentage of infants with evaluable data; con-
tinuous variables were summarized using the mean
and standard deviation and the median, minimum,
and maximum values for non-normally distributed
continuous variables. Comparisons of categorical data
were evaluated using Pearson’s x° test. Compari-
sons of continuous data were evaluated using the in-
dependent-samples t-test for normally distributed
data and the Mann-Whitney test for non-normally
distributed data. To determine the factors associated
with CDC, data were analyzed using multiple logistic
regression with C. difficile positivity as the dependent
variable and the mode of delivery, NPO beyond 72
hours after birth, EBMF for more than the first 7
days after birth, EBMF after reaching full feeding, in-
itial antibiotics use, use of antibiotics after the first
week, and the hospital (A vs. B) as the explanatory
variables. All analyses were conducted using SPSS
version 16.0 (SPSS, Chicago, I, USA). All hypoth-
eses were tested at an @ of 0.05.
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Table 2. Prevalence of PCR Positivity of Clostridium difficile and Its Toxin Genes for Each Postnatal Age of Stool Collection

Number of infants, n (%)

Within 72 hours 1 week 2 weeks 4-6 weeks

Infants, total 49 43 46 49

Hospital A 26 21 26 26

Hospital B 23 22 20 23
Cdifficile+, total 17 (34.7) 16 (37.2) 19 (41.3) 26 (53.1)
Hospital A 10 (38.4) 9 (42.9) 10 (40.0) 13 (50.0)
Hospital B 7 (30.4) 7 (31.8) 20 (42.9) 13 (56.5)
Toxin+, total 4 (23.5) 6 (37.5) 7 (35) 8 (30.8)
Toxin A 4 (23.5) 5 (31.3) 5 (25.0) 5 (19.2)
Toxin B 4 (23.5) 5 (31.3) 5 (25.0) 7 (26.9)

Table 3. Comparisons of the Characteristics of the Preterm Infants between the Persistently Clostridium difficile-positive Group (A)
and the Persistently Clostridium difficile-negative or Transient Clostridium difficile-positive Group (B+C) during the Study Period

Groups A B « B+C A+B+C p-value
e TCD+ A vs A vs
C.difficile status PCD+ PCD— TCD+ or PCD— Total Bvs C B4C

Infants, n (%) 12 (24.5) 12 (24.5) 25 (51.0) 37 (75.6) 49 NS NS
GA, weeks 30.1x24 30.5%+3.6 29.8+2.6 30.1x2.9 30.1+2.8 NS NS
Birth weight, g (SD, g) 11542 (272.6) 1115.8 (316.6) 1142.1 (288.9) 1133.6 (294.0) 1138.6 (286.2)
CS, n (%) 10 (83.3) 10 (83.3) 21 (84.0) 31 (83.8) 41 (83.7) NS NS
Initial FA, days 3 (2, 11) 3(2,7) 4 (1, 12) 3 (1, 12) 3 (1, 12) NS NS
(min, max)
Full FA, days (min, max) 13 (7, 51) 12 (6, 48) 14 (6, 59) 135 (6, 59)  13.5 (6, 59) NS NS
NPO 72 hrs, n (%) 4 (33.3) 5 (41.7) 12 (48.0) 17 (45.9) 21 (42.9) NS NS
EBMF _Ist, n (%) 4 (33.3) 7 (58.3) 20 (80.0) 27 (73.0) 31 (63.3) 0.021  0.019
EBME_F, n (%) 6 (50.0) 7 (58.3) 15 (60.0) 22 (59.5) 28 (57.1) NS NS
Initial Abc, n (%) 9 (75.0) 9 (75.0) 22 (88.0) 31 (83.8) 40 (81.6) NS NS
Later Abc, n (%) 3 (25.0) 4 (33.3) 12 (48.0) 16 (43.2) 19 (38.8) NS NS
A hospital, n (%) 8 (66.7) 9 (75.0) 9 (36.0) 18 (48.6) 26 (53.1) 0.047 NS

PCD+: persistently Clostridium difficile-positive, TCD+: transiently Clostridium difficile-positive, GA: gestational age, CS: cesarean section
delivery, FA: feeding age, NPO 72 hrs: nil per os for more than 72 h after birth, EBMF_lst: exclusive breast-milk feeding during
the first week, EBMF_F: exclusive, breast-milk feeding after the full feeding, Abc: initial antibiotics use, Later Abct: use of antibiotics

beyond the first week after birth.

RESULTS

Prevalence of CDC and its toxin positivity

Paired PCR results for C. difficile were available
for three different ages (within 72 h of birth, 1 or
2 weeks, 4-6 weeks) for 49 patients (hospital A: 26,
hospital B: 23), whereas the results were available
for all four postnatal ages for 40 infants.

The rates of C. difficile PCR positivity at 72 h and
1, 2, and 4-6 weeks of age were 34.7 (17/49), 37.2

(16/43), 413 (19/46), and 53.1% (26/49), re-
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spectively, indicating that the rate of positivity in-
creased over the course of hospitalization, and the
rates of positivity were similar between the two hos-
pitals (Table 2). The C. difficile PCR assay results were
persistently negative and positive in 12 (24.5%) and
12 (24.5%) preterm infants, respectively, whereas
the results were transiently positive in one or two
postnatal periods for 25 (51%) infants (Table 3).
Moreover, 14 (28.6) infants exhibited C. difficile PCR
positivity for only one postnatal age, consisting of 2,
2, 2, and 8 infants with positivity within 72 h after
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Table 4. Multiple Logistic Regression Analysis of the Odds Ratio (OR) of Clostridium difficile PCR Status (Persistent Clostridium difficile
PCR Positivity vs. Persistent Clostridium difficile PCR Negativity or Transient Clostridium difficile PCR Positivity) According to the Clinical
Characteristics of the Preterm Infants

95% CI 95% CI
OR p-value Ad-OR  p-value

Lower Upper Lower Upper
Cesarean section 0.968 0.971 0.168 5.579 1.833 0.609 0.179 18.713
NPO beyond 72 hours 0.588 0.446 0.15 2.299 0.387 0.322 0.059 2.54
EBMF at the first week 0.185 0.018 0.046 0.753 0.133 0.038 0.02 0.898
EBMF at full feeding period 0.758 0.684 0.2 2.871 0.917 0.924 0.157 5.35
Initial antibiotics use 0.828 0.808 0.18 3.796 2.428 0.442 0.252 23.362
Antibiotics use beyond the first week  0.438 0.267 0.102 1.833 0.325 0.316 0.036 2915
A hospital 2.111 0.282 0.541 8.245 2.039 0.548 0.2 20.792

CIL: confidence interval, Ad-OR: adjusted OR, EBMF: exclusive breast-milk feeding.

Table 5. The Odds Ratio (OR) and Adjusted OR of the Clostridium difficile PCR Status for Each Postnatal Period According to
Exclusive Breast-Milk Feeding during the First Week of Life in the Preterm Infants

95% CI 95% CI
OR p-value Ad-OR p-value
Lower Upper Lower Upper
Within 72 hours 1.1 0.879 0.323 3.746 0.712 0.652 0.163 3.115
At 1 week 0.327 0.089 0.090 1.187 0.346 0.189 0.071 1.685
At 2 weeks 0.389 0.137 0.112 1.352 0.252 0.111 0.046 1.373
At 4-6 weeks 0.278 0.045 0.079 0.973 0.186 0.031 0.040 0.861

CIL: confidence interval, Ad-OR: adjusted OR. Adjusted OR values were obtained from multiple logistic regression analyses after

adjusting for all of the explanatory variables listed in Table 4.

birth and at 1, 2, and 4-6 weeks of age, respectively.

Among C. difficile-colonized infants, the toxin
positivity rate slightly increased from 23.5% (4/17)
within 72 h after birth to 30.8% (8/26) at 4-6 weeks
of age, although there were some fluctuations over
time. Eight (66.7%) preterm infants with persistent
CDC exhibited toxin positivity for at least two post-
natal ages, compared with 6 of 25 (24.0%) preterm
infants with transient CDC (p=0.001).

Potential determinants of CDC in the neonatal
period

We compared the gestational age, birth weight,
mode of delivery, feeding progression pattern, feed-
ing method, use of antibiotics, time of antibiotic
administration, and hospital among three groups of
preterm infants: those displaying persistent PCR
positivity comprised group A (n=12), those display-
ing persistent PCR negativity comprised group B

(n=12), and those displaying transient PCR pos-
itivity comprised group C (n=25; Table 3). Among
the various neonatal factors, only the feeding meth-
od during the first week after birth and the hospital
were significantly different among the three groups
(p=0.021, p=0.047). When we analyzed these rela-
tionships between the infants with persistent C. dif-
ficile PCR positivity (group A) and those with tran-
sient C. difficile PCR positivity or persistent C. difficile
PCR negativity (groups B+C), only the proportion
of exclusively breast-fed infants during the first
week after birth was significantly different between
the two groups (p=0.018). In multiple logistic re-
gression analyses of the potential determinants of
CDC in the two groups (A vs. B+C), only EBMF
during the first week after birth significantly de-
creased the risk of persistent CDC compared to for-
mula or mixed feeding (adjusted odds ratio (OR)=
0.133, 95% confidence interval (CI)=0.02-0.898,
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p=0.038; Table 4). No other factor including the
hospital exhibited a significant association with
CDC patterns. When the relationship between those
neonatal factors and C. difficile PCR positivity was
analyzed for each postnatal age, the type of feeding
during the first week after birth was also sig-
nificantly associated with CDC at 4-6 weeks of age;
EBMF significantly decreased the risk of CDC in
this hospitalization period (adjusted OR=0.186,
95% CI=0.04-0.861, p=0.031; Table 5).

DISCUSSION

The present study monitored the CDC pattern
and its toxin status in preterm infants in the NICU,
which has been infrequently investigated in the lit-
erature, including only a single study from Korea
[6,19,20,26,27]. In addition, to the best of our
knowledge, this is one of the first reports revealing
that EBMF during the first week of life may have
protective effects against persistent CDC in preterm
infants. Several studies have investigated the bene-
ficial role of breast-milk feeding on CDC in term
infants; however, its effects have been rarely inves-
tigated in hospitalized preterm infants, excluding
one study that revealed no significant association
between breast-milk feeding and CDC [19,28,29].

In our study, the C. difficile prevalence rate was
35-53%, which is comparable with the rates reported
in previous studies of 33-90% [6,18-20,26,27]. The
rates of CDC increased gradually over the course of
hospitalization, which has been consistently reported
among researchers and suggest that the hospi-
tal-acquired mode of C. difficile transmission is similar
to that of later times of life. This hospital-acquired
infectivity might explain why the prevalence of CDC
in preterm infants, who usually are hospitalized for
long periods, is higher than that of term infants and
reflects the importance of the environmental source
in CDC. Other potential explanations may be related
to the immaturity of both gut and systemic im-
munity and the low colonization resistance of the in-
testinal microbiota of preterm infants, which have
been considered important factors for CDC or in-
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fection in the human intestine [30,31]. Previous
studies indicated that delayed colonization with a
lower diversity and low prevalence and proportion of
bifidobacteria is characteristic of the intestinal micro-
biota of preterm infants compared to that of healthy
term infants [32]. In a recent large epidemiologic
study including 11 preterm infants aged 1 month old
(approximately 1% of total participants), the OR of
premature birth for CDC was approximately 4.5-fold
higher than that of term birth even after adjustment
of history of hospitalization [13].

It is noteworthy that the results of our study sug-
gest both the importance of the environment and
host factors in CDC in preterm infants. In our
study, the persistence of CDC was only associated
with feeding type in the multiple regression
analyses. Although still controversial, EBMF has
been reported to favor the development of the
so-called “healthy” microbiota even in preterm in-
fants [15,17,33]. It is now generally accepted that
Bifidobacterium species are the dominant beneficial
microflora in the intestine of breastfed infants, and
the presence and degree of their colonization were
reported to be negatively associated with the colo-
nization of pathogens including C. difficile [34,35].
In addition, the diversity of Bifidobacterium species
has been reported to enhance the maturation of the
mucosal immune response [36]. Because we did
not examine the composition of the microbiota in-
cluding Bifidobacterium species, it is not clear
whether the protective effect of EBMF is mediated
by bifidobacteria. Further large-scale studies are
needed to elucidate the interactions among
breast-milk feeding, bifidobacteria, and CDC in the
intestinal microbiota of hospitalized preterm
infants. It is also interesting that the type of feed-
ing during the first week after birth exhibited a
prolonged effect on subsequent CDC (i.e., 4-6
weeks after birth) in this study. This finding is con-
sistent with the hypothesis that “the very first few
days after birth” are critical for the development of
intestinal microbiota in the neonatal period [37].

In our study, the use of antibiotics was not sig-
nificantly different between the infants with CDC



and those without colonization. Considering the rela-
tively small number of participants in this study, this
finding should be confirmed by additional large-scale
studies; however, this finding was comparable with
those of previous studies in which no significant as-
sociation was observed between antibiotic usage and
CDC in both term and preterm infants [2,13,17]. In
our study, we also compared two different NICUs to
examine the influence of environmental factors.
Although the rates of CDC were not significantly dif-
ferent between the two NICUs over the entire ob-
servation period, the pattern of CDC during the
course of hospitalization (persistently positive vs.
transiently positive vs. persistently negative) was dif-
ferent between the two NICUs. In a recent study, col-
onization of hospitalized preterm infants by
Clostridium species was only associated with the
NICU in multiple regression analysis. Although C. dif-
ficile was not separately analyzed and the type of
feeding was not investigated in that study, the asso-
ciation of the NICU itself with Clostridium species col-
onization may support the importance of environ-
mental factors in the colonization process of C. diffi-
cile in preterm infants [2,16].

Meanwhile, the proportion of toxin positivity as as-
sessed by PCR assays using total bacterial genomic
DNA as a template was 25-37.5%, which corresponded
to the lowest value reported in previous studies
(33-100%) using both culture and direct fecal cytotoxin
detection in cultured cells [10,19,26]. It has been re-
ported that many asymptomatic infants under 2 years
of age are frequently colonized with both nontoxigenic
and toxigenic strains [10,38]. The reported proportion
of toxigenic strains is 21-37.5%. Further studies are
needed to answer whether the proportion of toxigenic
strains in preterm infants is higher than that of term
infants. In our study, toxin positivity was also pos-
itively associated with the persistence of colonization,
and most cases of transient C. difficile PCR positivity
were accompanied by toxin PCR negativity. However,
a recent study reported no significant difference in
composition of intestinal microbiota according to the
toxin status of C. difficile in infants with CDC less than
2 years of age [34]. Therefore, the significance of our
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findings must be validated by further studies.

One of the limitations of our study is that tradi-
tional PCR assays were used to detect C. difficile in-
stead of a real-time PCR method. Therefore, it is
possible that the actual colonization rate is higher
than the assessed rate because of the lower sensi-
tivity of traditional PCR compared to that of re-
al-time PCR. In addition, the quantitation of CDC
in individual infants was limited even though a
semiquantitative assessment was possible. We ob-
served that the intensity and broadness of bands
on electrophoretic gels tended to increase as the
duration of hospitalization of the preterm infants
increased. Further large-scale studies using re-
al-time PCR assays could more precisely reveal the
potential determinants of CDC in preterm infants.

In conclusion, the CDC rate increased as the dura-
tion of hospitalization increased, and toxin-positive
C. difficile more frequently tended to be a persistent
colonizer. Because EBMF during the first week of life
appeared to prevent persistent CDC, it should be ac-
tively recommended for hospitalized preterm infants.

ACKNOWLEDGEMENTS

This study was supported by 2008 year research grant
from MSD and Korean Medical Women'’s Association.

REFERENCES

1. Kim BC, Yang HR, Jeong SJ, Lee KH, Kim JE, Ko
JS, et al. Clostridium difficile colitis in childhood:
associated antibiotics. Korean J Pediatr Gastroenterol
Nutr 2002;5:143-9.

2. Bolton RP, Tait SK, Dear PR, Losowsky MS.
Asymptomatic neonatal colonisation by Clostridium
difficile. Arch Dis Child 1984,59:466-72.

3. Enoch DA, Butler MJ, Pai S, Aliyu SH, Karas JA.
Clostridium difficile in children: colonisation and
disease. J Infect 2011;63:105-13.

4. Genta VM, Gilligan PH, McCarthy LR. Clostridium
difficile peritonitis in a neonate. A case report. Arch
Pathol Lab Med 1984;108:82-3.

5. Han VK, Sayed H, Chance GW, Brabyn DG, Shaheed
WA. An outbreak of Clostridium difficile necrotizing
enterocolitis: a case for oral vancomycin therapy?

www.kjpgn.or.kr 356




Pediatr Gastroenterol Hepatol Nutr

10.

11.

12.

13.

14.

15.

16.

17.

18.

36

Pediatrics 1983;71:935-41.

. Cardines R, Luzzi I, Menichella G, Virgili Q,

Mastrantonio P. Clostridium difficile in preterm
neonates. Microbiologica 1988;11:259-61.

. Enad D, Meishlich D, Brodsky NL, Hurt H. Is

Clostridium difficile a pathogen in the newborn in-
tensive csre unit? A prospective evalauation. J
Perinatol 1997;17:355-9.

. McFarland LV. Update on the changing epidemiology

of Clostridium difficile-associated disease. Nat Clin
Pract Gastroenterol Hepatol 2008;5:40-8.

. Hecker MT, Riggs MM, Hoyen CK, Lancioni C,

Donskey CJ. Recurrent infection with epidemic
Clostridium difficile in a peripartum woman whose
infant was asymptomatically colonized with the same
strain. Clin Infect Dis 2008;46:956-7.

Rousseau C, Lemee L, Le Monnier A, Poilane I, Pons
dJ, Collignon A. Prevalence and diversity of Clostidium
difficile strains in infants. J of Med Microbiol 2011;60:
1112-8.

Kalliomaki M, Collado MC, Salminen S, Isolauri E.
Early differences in fecal microbiota composition in
children may predict overweight. Am J Clin Nutr
2008;87:534-8.

Fanaro S, Chierici R, Guerrini P, Vigi V. Intestinal
microflora in early infancy:composition and
development. Acta Paediatr Suppl 2003;91:48-55.
Penders J, Thijs C, Vink C, Stelma F, Smijders B,
Kummeling I, et al. Factors influencing the composi-
tion of the intestinal microbiota in early infancy.
Pediatrics 2006;118:511-21.

Cooperstock M, Riegle L, Woodruff CW, Onderdonk
A. Influence of age, sex, and diet on asymptomatic
colonization of infants with Clostridium difficile. J
Clin Microbiol 1983;17:830-3.

Gewolb IH, Schwalbe RS, Taciak VL, Harrison TS,
Panigrahi P. Stool microflora in extremely low birth-
weight infants. Arch Dis Child Fetal Neonatal Ed
1999;80:F167-73.

Schwiertz A, Gruhl B, Lobnitz M, Michel P, Radke
M, Blaut M. Development of the intestinal bacterial
composition in hospitalized preterm infants in com-
parison with breast-fed, full-term infants. Pediatr Res
2003;54:393-9.

Mshvildadze M, Neu J, Shuster J, Theriaque D, Li
N, Mai V. Intestinal microbial ecology in premature
infants assessed with non-culture-based techniques.
J Pediatr 2010;156:20-5.

Ferraris L, Butel MJ, Campeotto F, Vodovar M, Roze
JC, Aires J. Clostridia in premature neonates'gut: in-
cidence,

antibiotic susceptibility, and perinatal

Vol. 15, No. 1, March 2012

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

determinants. PLoS One 2012;7:e30594.
el-Mohandes AE, Keiser JF, Refat M, Jackson BdJ.
Prevalence and toxigenicity of Clostridium difficile
isolates in fecal microflora of preterm infants in the
intensive care nursery. Biol Neonate 1993;63:225-9.
Chang JY, Shin SM, Chun J, Lee JH, Seo JK.
Pyrosequencing-based molecular monitoring of the in-
testinal bacterial colonization in preterm infants. J
Pediatr Gastroenterol Nutr 2011;53:512-9.

Li F, Hullar MA, Lampe JW. Optimization of terminal
restriction fragment polymorphism (TRFLP) analysis
of human gut microbiota. J Microbiol Methods
2007;68:303-11.

Rinttila T, Kassinen A, Malinen E, Krogius L, Palva
A. Development of an extensive set of 16S rDNA-tar-
geted primers for quantification of pathogenic and
indigenous bacteria in faecal samples by real-time
PCR. J Appl Microbiol 2004;97:1166-77.

Kato H, Kato N, Watanabe K, Iwai N, Nakamura
H, Yamamoto T, et al. Identification of toxin A-neg-
ative, toxin B-positive Clostridium difficile by PCR.
J Clin Microbiol 1998;36:2178-82.

Shin BM, Yoo SJ, Oh HJ. Comparison of two enzyme
immunoassay for detection of Clostridium difficile tox-
in A and toxin B. Korean J Lab Med 2009;29:122-6.
Samie A, Obi CL, Franasiak J, Archbald-Pannone L,
Bessong PO, Alcantara-Warren C et al. PCR detection
of Clostridium difficile triose phosphate isomerase
(tpi), toxin A(tcdA), toxinB (tcdB), binary toxin (cdtA,
cdtB), and tcdC genes in Vhembe district, South
Africa. Am J Trop Med Hyg 2008;78:577-85.
Al-Jumaili 1J, Shibley M, Lishman AH, Record CO.
Incidence and origin of Clostridium difficile in
neonates. J Clin Microbiol 1984;19:77-8.

Blakey JL, Lubitz L, Barnes GL, Bishop RF, Campbell
NT, Gillam GL. Development of gut colonisation in
pre-term neonates. J Med Microbiol 1982;15:519-29.
Benno Y, Sawada K, Mitsuoka T. The intestinal micro-
flora of infants: composition of fecal flora in breast-fed
and bottle-fed infants. Microbiol Immunol 1984;28:
975-86.

Penders J, Vink C, Driessen C, London N, Thijs C,
Stobberingh EE. Quantification of Bifidobacterium
spp., Escherichia coli and Clostridium difficile in fae-
cal samples of breast-fed and formula-fed infants by
real-time PCR. FEMS Microbiol Lett 2005;243:141-7.
Péchine S, Janoir C, Boureau H, Gleizes A, Tsapis
N, Hoys S, et al. Diminished intestinal colonization
by Clostridium difficile and immune response in mice
after mucosal immunization with surface proteins of
Clostridium difficile. Vaccine 2007;25:3946-54.



31.

32.

33.

34.

Bourlioux P, Koletzko B, Guarner F, Braesco V. The
intestine and its microflora are partners for the pro-
tection of the host: report on the Danone Symposium
"The Intelligent Intestine," held in Paris, June 14,
2002. American Journal of Clinical Nutrition 2003;78:
675-83.

Magne F, Abely M, Boyer F, Morville P, Pochart P,
Suau A. Low species diversity and high interindividual
variability in faeces of preterm infants as revealed
by sequences of 16S rRNA genes and PCR-temporal
temperature gradient gel electrophoresis profiles.
FEMS Microbiol Ecol 2006;57:128-38.

Westerbeek EA, van den Berg A, Lafeber HN, Knol
dJ, Fetter WP, van Elburg RM. The intestinal bacterial
colonisation in preterm infants: a review of the
literature. Clin Nutr 2006;25:361-8.

Butel MJ, Roland N, Hibert A, Popot F, Favre A,
Tessedre A, et al. Clostridial pathogenicity in ex-
perimental necrotising enterocolitis in gnotobiotic

Ju Young Chang, et al : Clostridium difficile Colonization in Preterm Infants

35.

36.

37.

38.

quails and protective role of bifidobacteria. Journal
of Medical Microbiology 1998;47:391-9.

Rousseau C, Levenez F, Fouqueray C, Dore J, Collign-
on A, Lepage P. Clostridium difficile Colonization in
Early Infancy Is Accompanied by Changes in
Intestinal Microbiota Composition. Journal of Clinical
Microbiology 2011;49:858-65.

Sjogren YM, Tomicic S, Lundberg A, Bbottcher M,
Bjorksten B, Sverremark-Ekstrom E, et al. Influence
of early gut microbiota on the maturation of childhood
mucosal and systemic immune responses. Clinical and
Experimental Allergy 2009;39:1842-51.

Morelli L. Postnatal development of intestinal micro-
flora as influenced by infant nutrition. Journal of
Nutrition 2008;138:1791s-5s.

Collignon A, Ticchi L, Depitre C, Gaudelus J, Delmee
M, Corthier G. Heterogeneity of Clostridium-Difficile
Isolates from Infants. European Journal of Pediatrics
1993;152:319-22.

37

www.kjpgn.or.kr




