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bstract

Background: Antibiotic-associated diarrhea is one of the most frequent side effects of antimicrobial therapy. Clostridium
Difficile-Associated Diarrhea (CDAD) is increasingly diagnosed in children, the worldwide incidence rate of the infection is
increasing.

Objective: To study antibiotic associated diarrhea and clostridium difficile colonization in pediatrics of Shebin Elkom Teach-
ing Hospital.

Methods: A case control study conducted on two groups of patients was collected from Pediatric Department and Neonatal
ICU in Shebin Elkom Teaching Hospital. Group 1(Cases): Sixty patients with antibiotic intake whether having diarrhea or not,
group 2(Control): Thirty patients without antibiotic intake.

Results: There was a high percentage of Clostridium difficile detection or their toxin among studied neonates having diarrhea.
Also, there was a low percentage of Clostridium difficile detection or their toxin among studied neonates not having diarrhea.

Conclusion: Antibiotic associated diarrhea is more common in infants while non-diarrheal colonization by C. difficile is more
common in neonates following prolonged antibiotic uses. Also, none of the antibiotics singly or in combination could be cor-
related specially to C. difficile diarrhea among hospitalized neonates or infants.
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Introduction

Clostridium difficile (C. difficile) is a Gram-positive, an-
aerobic, toxin-producing germ first isolated from the stool of
healthy newborns in 1935 [1]. It is the most common cause
of antimicrobial therapy-associated diarrhea and is a common
healthcare-associated pathogen [2]. In recent years, there has
been an increase in the incidence of community-acquired in-
fection in subjects without known risk factors [3], such as pre-
vious exposure to antibiotics, patients with chronic gastroin-
testinal pathology or inflammatory Bowel Disease (IBD), [4].
The clinical spectrum of C. difficile ranges from asymptomatic
colonization, mild and self-limiting disease to a severe, life-
threatening pseudomembranous colitis, toxic megacolon, sep-
sis and death [5,6]. CDI is defined when there is the presence
of symptomatic diarrhea defined by three or more unformed

stools per 24 h and at least one of the following criteria: a posi-
tive laboratory assay for C. difficile toxin A and/or B or toxin-
producing C. difficile organism in a stool sample or pseudo-
membranous colitis or colonic histopathology characteristics
of CDI revealed by endoscopy [7,8]. CDI is associated with
an increased abundance of toxin-producing C. difficile strains,
leading to high toxin concentrations within the colon resulting
in inflammation and damage of the colonocytes [9,10]. Usu-
ally, the indigenous microbial communities provide a coloni-
zation resistance to C. difficile, which could also be proven in
animal models. However, a disruption of this microbial system
can promote the development of CDI [11,12].

Antibiotic-Associated Diarrhea (AAD) is defined as diarrhea
that develops any time from a few hours after the onset of an-
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tibiotic therapy to eight weeks following antibiotic cessation,
where diarrhea is defined as more than 2 unformed stools for
>2 days [13]. The direct toxic effects of antibiotics on the intes-
tines include altered digestive function secondary to reduced
concentrations of gut bacteria or the overgrowth of pathogenic
microorganisms [14]. The bacterial diversity of the intestinal
lumen is also diminished after the administration of certain an-
tibiotics, and these alterations in the abundance and composi-
tion of gut microbiota further lead to the dysfunction of these
microbiota [15].

The incidence of CDAD in hospitalized children has been in-
creasing since 1997 [16-18]. Accompanying this trend are stud-
ies indicating that the burden of pediatric CDAD in the com-
munity is substantial and rising [19,20]. In addition, a study
from Olmstead County, Minnesota found that their rate of CA
CDAD in children increased 10.5-fold from 1991 to 2007 [19].
Thus, this study aimed to study antibiotic associated diarrhea
and clostridium difficile colonization in pediatrics of Shebin
Elkom Teaching Hospital.

Patients and Methods

A case control study conducted on two groups of patients were
collected from Pediatric Department and Neonatal ICU in She-
bin Elkom Teaching Hospital.

They were divided as follows:

Group 1(Cases): Sixty patients (thirty infants or children and
thirty neonates) with antibiotic intake whether having diarrhea
or not.

Group 2(Control): Thirty patients (fifteen infants or children
and fifteen neonates) without antibiotic intake.

Inclusion criteria: Infants or children and neonates with or
without antibiotic intake whether having diarrhea or not.
Exclusion criteria: Patients with major systemic illness e.g.
renal or cardiac and immune deficient patients.

The patients were subjected to:

. Full history taking as a routine Including: history
of drug intake particularly antibiotics (type, dose, duration,
route) more than 10 days, history of diarrhea if present.

. Full clinical examination: they were examined as
regards weight, height and head circumference.

. Associated clinical manifestation as: fever, vomit-
ing, abdominal pain or distension.

. Diarrhea: color, frequency, consistency, watery or
not and presence of blood or mucus.

Materials and Preparations:

All materials were supplied by different Sources and prepared
in Medical Microbiology and Immunology Department, Fac-
ulty of Medicine, Tanta University according to the manufac-
turer’s instructions.

1. Staining: Gram stain sets.

2. Bacteriological culture media:

Ready to use cefoxitin-cycloserine fructose agar (CCFA)
(Biomerieux, France). It is a selective medium for the isolation
of Clostridium difficile. The selective agents are usually based
on cefoxitin and cyloserine, and these are usually inhibitory to
most other clostridial species so the resulting growth from an
active case of infection is often a pure culture of C. difficile
[21].

3. Absolute Alcohol: (supplied by El Nasr Pharmaceu-
tical Chemicals Co., Egypt) used for alcohol shock method
(discussed later in details)

4. C. difficile Toxin A+B 2nd Generation ELISA Kit:
(Supplied by Diagnostic Automation, Inc., USA)

Specimen collection:

From each subject of the two groups, stool samples were col-
lected in sterile sealed disposable plastic containers. The sam-
ples were immediately transferred to the laboratory of Medical
Microbiology and Immunology Department at Tanta Faculty
of Medicine for further processing storage and testing.

Principle of Procedure

During the first incubation, C. difficile toxins A+B antigen
present in the stool are “sandwiched” by anti-C. difficile toxins
A+B antibodies attached to the wells and anti-C. difficile tox-
ins A+B antibodies conjugated to peroxidase. After washings
to remove unbound enzyme, a chromogen is added which de-
velops a blue color in the presence of the enzyme complex and
peroxide. The stop solution ends the reaction and turns the blue
color to yellow. If no antigen is captured, or if there is an insuf-
ficient level of antigen, no colored reaction will take place.

Statistical analysis

All data were compiled and analyzed using SPSS version 21
(SPSS Inc., Chicago, IL, USA). Continuous variables are pre-
sented as means (+ standard deviation [SD]), and categorical
variables are presented using relative frequency distributions
and percentages. Continuous variables were compared using
Student’s t-test or the Mann-Whitney (t) test, and categorical
data were analyzed using the chi-square (X2) test, Statistical
significance established at p < 0.05.

Results

A total of 45 patients showed that there was no statistically sig-
nificant difference between studied neonates (cases) and their
controls as regards, sex, and mode of delivery. But there is sig-
nificant relation between antibiotic intake and diarrhea, Clos-
tridium difficile detection by stool culture and toxin detected
by ELISA. There is a highly statistically significant difference
between studied neonates (cases) and their controls as regards
age and type of feeding (Table 1).

Also, that there was no statistically significance difference be-
tween Clostridium difficile positive and negative cases among
studied neonates as regards, sex, type of feeding, age, duration
of antibiotic intake, type of diarrhea and frequency. But there
was a significant difference between clostridium difficile posi-
tive and negative cases as regards, mode of delivery and pres-
ence of diarrhea. It is to be noted that 7 out of 15 cases posi-
tive for C. difficile had diarrhea while 8 cases had colonization
without diarrhea. Also 6 cases out of 7 cases with C. difficile
diarrhea were positive for stool toxins by ELISA while 1 case
was toxins negative. Also 2 cases had diarrhea after antibiotic
intake but were negative to stool C. difficile and their toxins
(Table 2).

Additionally, there was a high percentage of Clostridium dif-
ficile detection or their toxin among studied neonates having
diarrhea (Table 3). Also, there was a low percentage of Clos-
tridium difficile detection or their toxin among studied neo-
nates not having diarrhea (Table 4).
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Table 1: Clinical and laboratory data of studied neonates and their controls.

Studied groups
Cases (Antibiotic intake) | Controls (No antibiotic intake) X*/ Mann-Whitney p-value
No. % No. %
Total 30 100 15 100
Age (months)
Meant SD 18+6 9+6 4.598 <0.001%*
Sex 15 50 8 533
Male 15 50 7 46.7 0.044 0.833
Female
Mode of delivery 9 30 7 46.7
NVD 21 70 8 53.3 1.212 0.271
C.S
Type of feeding 0 0 15 100
Breast feeding 30 100 0
Artificial feeding 0 0 0 0 45 <0.001*
Food
Stool consistency 9 30 0 0
Diarrhea 21 70 15 100 5.625 0.018*
No diarrhea
Stool culture for Cl.difficile | 15 50 0
+ve 15 50 15 100 11.25 0.001*
-ve
Toxin detected by ELISA 11 36.7 0 0
+ve 19 63.3 15 100 7.279 0.007*
-ve
Table 2: Comparison between Clostridium difficile positive and negative cases among studied neonates.
Cases group
stool culture for C. difficile
+ve -ve X?/ Mann-Whitney | p-value
No. | % No. | %
Total 15 100 | 15 100
Sex 9 60 6 40
Male 6 40 9 60 1.2 0.273
Female
mode of delivery 7 46.7 | 2 13.3
NVD 8 533 |13 86.7 3.968 0.046*,
C.S
Type of feeding
Breast feeding 15 100 | 15 100
Artificial feeding ) i
Food
Stool consistency 7 46.7 | 2 133
Diarrhea 8 533 | 13 86.7 3.968 0.046*,
No diarrhea
Toxin detected by ELISA 11 733 |0 0
+ve 4 26.7 | 15 100 17.368 <0.001%**
-ve
Diarrhea type 2 286 | 0 0
Watery 1 143 |1 333
Mucus 4 57.1 |2 66.7 1.27 0.53
Watery+ mucus 0 0 0 0
Bloody
Age (months)
Meant SD 15+6 21+6 -2.018 0.053
Duration of antibiotic therapy before inclusion in research
(days) 15.2+5.8 18.445.7 -1.524 0.139
Mean+ SD
Stool motions/day
Meant SD 3.3+0.8 2.9+0.8 1.143 0.263
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Table 3: The presence of Clostridium difficile or their toxin among studied neonates having diarrhea.

Stool culture for C. difficile Toxin detected by ELISA :?rl::;h;)a

+ve +ve 6 85.70%
(Total 7) -ve 1 14.30%
-ve +ve 0 0.00%
(Total 2) -ve 2 100.00%

Table 4: The presence of Clostridium difficile or their toxin among studied neonates not having diarrhea.

Stool culture for C. difficile Toxin detected by ELISA :?rl::;hf;l)

+ve +ve 5 62.50%
(Total 8) -ve 3 37.50%
-ve +ve 0 0.00%
(Total 13) -ve 13 100%

Table 5: Antibiotics administration in neonates with C. difficile positive &negative cultures.

Stool culture
Antibiotics C. difficile +ve C. difficile -ve X2

culture (total 15) | culture (total 15) | Mann- Whitney | p-value

No. | % No. %
Penicillins 15 100.00% 14 93.33% 1.03 0.31
Aminoglycosides | 13 86.66% 13 86.66% 0 1
Cephalosporins 7 46.66% 12 80.00% 3.59 0.06
Carbapenems 6 40.00% 10 66.66% 2.14 0.14
Clindamycin 5 33.33% 2 13.33% 1.68 0.2
Quinolones 2 13.33% 0 0.00% 2.14 0.14

Table 6: Combination of two antibiotics administration in neonates with C.difficile positive &negative cultures.

Stool culture X2
L C. difficile +ve C. difficile-ve Mann- Whitney
Antibiotics culture (total 15) | culture (total 15) p-value
No. | % No. | %
Penicillins + aminoglycosides 13 86.66% 11 73.33% 0.83 0.36
Penicillins + cephlosporins 8 53.33% 11 73.33% 1.29 0.26
Aminoglycosides+ cephalosporins | 6 40.00% 10 66.66% 2.14 0.14
Penicillins + carbapenems 4 26.66% 8 53.33% 2.22 0.14

Table 7: Combination of three antibiotics administration in neonates with C.difficile positive &negative cultures.

Stool culture X2

Antibiotics C. difficile +ve C. difficile-ve Mann- Whitney p-value
culture (total 15) | culture (total 15)
No. | % No. | %

Penicillins + aminoglycosides + cephlosporins | 11 | 73.33% 8 53.33% 1.29 0.26

Furthermore, there was no statistically significant difference
between studied neonates with Clostridium difficile positive
and negative cultures and one type of antibiotic administration
(Table 5). Also, there was no statistically significant differ-
ence between studied neonates with Clostridium difficile posi-
tive and negative cultures and combination of two antibiotics
administration (Table 6). Moreover, there was no statistically
significant difference between studied neonates with Clostridi-
um difficile positive and negative cultures and combination of
triple antibiotics administration (Table 7).

Discussion

The emergence of antibiotics made it possible to treat many
serious life-threatening infections and save the lives of many
people. However, widespread and uncontrolled use of various
groups of antibacterial drugs, especially in outpatient settings,
leads to the development of many negative effects [22]. Clos-
tridium difficile is an important cause of antibiotic-associated
diarrhea and the most widely recognized diarrheal pathogen

acquired in healthcare settings [8]. During the past 10 years,
there has been a notable increase in the incidence of C. diffi-
cile-associated diarrhea (CDAD) in the United States and the
emergence of disease in community settings and in individuals
previously considered low risk [23].

The incidence of antibiotic-associated diarrhea in hospitals is
20-25%, but in recent years, the free supply of drugs, including
antibiotics, has led to an increase in the number of antibiotic-
associated diarrhea in outpatient settings [22]. Antibiotic-as-
sociated diarrhea maybe mild in patients, and in some cases,
symptoms resolve when the antibiotic is discontinued. Clinical
symptoms may appear even after 8 weeks after the end of the
course of antibiotic therapy and cause deepening of the patho-
logical process, which significantly complicates the diagnosis.
Pseudomembranous colitis (PMK), which is one of the danger-
ous forms, develops [24]. So, this study aimed To study anti-
biotic associated diarrhea and clostridium difficile colonization
in pediatrics of Shebin Elkom Teaching Hospital.
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The present study showed that there 1s significant relation be-
tween antibiotic intake and diarrhea, clostridium difficile de-
tection by stool culture and toxin detected by ELISA. In this
concern a study by [22] found that Clostridium difficile infec-
tion was detected in 32 out of 68 patients with antibiotic-re-
lated diarrhea, which is47%. Toxins A and B were detected in
children with antibiotic-related diarrhea during hospitalization,
and this is 18.7%. Also, this result agreed with the study per-
formed by [25] who reported that antibiotics lead to increased
susceptibility to the acquisition of C. difficile. Antibiotics de-
stabilize the GIT microflora and can alter the integrity of epi-
thelial surfaces [25]. Similarly, [26] reported that diarrhea is a
common complication of antibiotics which occurs in between
5% to 39% of patients. This effect is caused by disturbance of
the normal balance of intestinal organisms [26,27]. Addition-
ally, [28] reported that, of the 67 infants and children under 3
years of age with no medical disorders who were examined in
a day-nursery, 25 (37%) carried C. difficile, while the carriage
rate in infants < 1 year of age was much higher (65%).

Our study demonstrated that there were no statistically sig-
nificant differences between studied neonates (cases) and their
controls as regards, sex and mode of delivery. There was a
highly statistically significant difference between studied neo-
nates (cases) and their controls regarding age and type of feed-
ing. The results agreed with [29], who stated that antibiotics
and length of hospitalization were two significant independent
risk factors in developing of C.difficile infection in pediatrics
[29]. We also agreed with [30], that the microflora of formula-
fed infants is more diverse, with high numbers of Enterobacte-
ria and Clostridia compared to breastfed [30,31]. On the other
hand, [32], stated that infants born by Caesarean section may
be exposed to their mothers’ microflora, but the initial expo-
sure is most likely to be from the surrounding environment
such as the air, other infants and the nursing staff, which serve
as vectors for transfer [32].

In the present work, there was no statistically significance dif-
ference between Clostridium difficile positive and negative
cases among studied neonates as regards, sex, type of feeding,
age, duration of antibiotic intake, type of diarrhea and frequen-
cy. However, there was a significance difference between Clos-
tridium difficile positive and negative cases as regards, mode
of delivery and presence of diarrhea. And high significant rela-
tion between Clostridium difficile toxin detection by ELISA
and culture positive cases for C. difficile. This result agreed
with [26], who stated that the occurrence of antibiotic associ-
ated diarrhea varies greatly and is influenced by a number of
factors, including nosocomial outbreaks, patterns of antimicro-
bial use, and individual susceptibility. It is estimated that 10%
to 15% of all hospitalized patients treated with antibiotics will
develop antibiotic associated diarrhea. Most important, twice
as many will become asymptomatic carriers. Risk factors in-
clude compromised immune status, types and prolonged use
of antibiotics, and the length of hospitalization. The infection
rates for C. difficile were reported to be around 10% after 2
weeks of hospitalization but may reach 50% after 4 or more
weeks [26].

Also, we agreed with [33], who stated that Clostridium dif-
ficile infection causes a spectrum of symptoms including as-
ymptomatic colonization, mild, watery diarrhea or severe
pseudomembranous colitis. Infants are usually asymptomati-
cally colonized. Most symptomatic children experience mild to

moderate watery diarrhea. Among 200 Candian children with
CDI, 79% present with diarrthea compared to Indian 20-30%.
[33], due to environmental considerations and different popu-
lation factors. Our results coincided with [34,35], who stated
that in early infancy, asymptomatic carriage of C. difficile in
the digestive tract is very common. Many infants are colonized
by toxigenic or nontoxigenic C. difficile strains during the first
two years of life. This colonization is rarely associated with C.
difficile infection. Fecal microbiota is less complex in infants
under 2 years of age than in adults [34,35].

This study showed that there was no statistically significant
difference between studied neonates with Clostridium difficile
positive and negative cultures and one type of antibiotic ad-
ministration. Also, there was no statistically significant differ-
ence between studied neonates with Clostridium difficile posi-
tive and negative cultures and combination of two antibiotics
administration. Moreover, there was no statistically significant
difference between studied neonates with Clostridium difficile
positive and negative cultures and combination of triple an-
tibiotics administration. In a study by [22] found that a risk
factor for the development of Clostridium difficile infection
was combined antibiotic therapy: the frequency of combined
therapy was 65.6% (22 patients). This is explained by the fact
that taking several antibiotics at the same time increases their
negative impact on the microecological relationship in the gas-
trointestinal tract, expands the range of toxic effects, and, as a
result, creates additional conditions for the growth and coloni-
zation of Clostridium difficile. In our study, it was found that
ampicillin (34.4%) and III generation cephalosporin (28.2%)
were the most common antibiotics in the formation of C. dif-
ficile toxins and the development of the disease. [36], stated
that no difference in neonatal colonization irrespective to mode
of delivery whether vaginal or caesaren section [36], this dis-
agrees with our study. We disagreed with Penders et al, that
Clostridium difficile colonization is influenced by infant feed-
ing behavior. According to their study, exclusively breastfed
infants were significantly less frequently colonized (14- 16%)
than breast fed infants who also receive formula (35%) and
formula fed only infants (30-62%) [37]. The disagreement re-
sulted from that all our cases were artificially fed. Furthermore,
[38] noted that the majority of neonates (97.9%) in their study
were breast-fed, which was reported to be associated with low-
er rates of C.difficile colonization [39].

In the present study, there was a high percentage of Clostrid-
ium difficile detection or their toxin among studied infants,
children, and neonates having diarrhea as compared to non-
diarrheal cases. These results agreed with [40], who reported
that C. difficile contributed to more than 55.4% of diarrheal
inpatients from five Swedish hospitals with great varience
among the hospitals themselves obtained as high as 62.5% of
tested patients in one of the studied centers. [40]. Other differ-
ent results were obtained in the USA by [41], reporting that
C. difficile-associated diarrhea was the etiology in 32% of all
studied in patients with diarrhea [41].

Conclusion

Antibiotic associated diarrhea is more common in infants while
non-diarrheal colonization by C. difficile is more common in
neonates following prolonged antibiotic uses. Also, None of
antibiotics singly or in combination could be correlated spe-
cially to C.difficile diarrhea among hospitalized neonates or
infants.
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