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Background: Clostridium difficile infection (CDI) is the single most common cause of
nosocomial diarrhea in both adults and children. There is a deficiency in the literature
regarding the incidence and associated risk factors in hospitalized children. This study
aimed to determine the incidence of CDI and its associated risk factors.

Methods: A retrospective study was conducted among 200 pediatric patients admitted to the
pediatric ward at Hamad General Hospital (HGH) in Qatar. The study collected data from
January 1, 2015 till December 2015. Univariate and multivariate logistic regression methods
were used to assess each risk factor of CDI.

Results: Among the 200 patients, 23 were diagnosed with CDI (incidence: 5.9 per 1000
inpatient admission cases). The mean patient age (£SD) was 6.4 + 3.4 years. The incidence
of antibiotic exposure (22.5; 95% CI: 15.0-38.7; P <0.001), prolonged hospitalization (28.9;
95% CI: 17.1-43.3; P <0.001), and enteral feeding (33.3; 95% CI: 15.9-55.1; P <0.001) were
significant risk factors for CDI.

Conclusion: Antibiotics exposure, prolonged hospitalization, and enteral feeding were signifi-
cant risk factors of CDI in hospitalized children; thus, emphasizing the importance of antimicro-
bial stewardship programs in the prevention of hospital-associated infection. Further prospective
studies are needed to assess the trend in incidence and to identify other risk factors of CDI.
Keywords: antimicrobial stewardship, Clostridium difficile infection (CDI), hospital
acquired, hospitalized pediatric patients, risk factors

Introduction
Clostridium difficile (C. difficile) is an anaerobic, gram-positive bacillus, endo-
spore-forming bacteria and can cause infection through environmental or oral-
fecal routes. The first C. difficile infection was described in 1935." C. difficile
was first detected in stool samples of healthy neonates, leading to its classification
as normal gut flora, and was not a major cause of disease until 1978.%2 Clostridium
difficile infection (CDI) ranges from self-limiting diarrhea to severe pseudo-mem-
branous colitis, and is considered as one of the most common causes of nosocomial
diarrhea in both adults and children.*®

Latest studies have implied that CDI is emerging as a culprit of diarrhea in
infants and children.””’

This growing incidence has been insinuated, in part, to the augmented antibiotic
prescriptions, the advent of a hyper-virulent strain of C. difficile, new and sensitive

techniques to detect CDI, and increased attentiveness of CDI among clinicians.'®"’
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Recently in a large multicenter retrospective analysis,
children who acquired CDI after admission to the hospital
had a >6-fold higher mortality rate than controls with
similar underlying disease and risk factors.'> The only
common primary risk factor for CDI in both adults and
children is prior use of antibiotics.'*'*

Data from North America and Europe regarding the
epidemiology of CDI has illustrated the need for surveil-
lance of the international movement of C. difficile strains.'
Unfortunately, in Asia insufficient data are available on
CDI. A recent survey has found that awareness of CDI
among clinicians Asia to be low.'°

No studies regarding CDI incidence and associated risk
factors has been conducted in children residing in the State
of Qatar, a cosmopolitan hub where is a diversity of
patients from different countries reside. The aims of this
study were to evaluate the incidence of CDI and associated
risk factors among pediatric inpatients at Hamad General
Hospital, the only tertiary pediatric hospital in Qatar at the
time of the study as well as to evaluate treatment protocols
and associated outcomes (cured, failure, recurrence).

Materials And Methods

Criteria For The Selection Of Patients
This retrospective study was conducted at Hamad General
Hospital, a tertiary hospital that has been accredited by the
Joint Commission International (JCI) since 2006. Pediatric
patients admitted from the period of January 1, 2015 till
December 31, 2015 and fulfilled the inclusion criteria were
involved in the study. The investigation was conducted
mainly in the pediatric department which includes the
general pediatric ward, the pediatric intensive care unit
(PICU), pediatric hematology-oncology unit, and pediatric
surgery unit. The total number of pediatric patients
admitted to our hospital in 2015 was 3878 patients. The
study population was 200 pediatric patients ages 2 tol4
years.

Patients were identified by reviewing the microbiology
laboratory data. Data was extracted from laboratory
records and from the electronic medical records (Cerner).
Patient demographic data (age, sex, and diagnosis) and
past medical history, medication history, and CDI treat-
ment protocol were checked and recorded. Collected data
was documented in a data collection sheet, which included
variables on demographic data, types and numbers of
drugs used prior to CDI (such as antimicrobials, proton
pump (PPIs), H2 receptor blockers,

inhibitors and

chemotherapy), duration of hospitalization, CDI treatment
protocol, and the outcome (treatment failure, recurrence,
or cure). This study received ethical approval from the
Hamad Medical
Corporation (15457/15). As the study was retrospective,

medical research committee at
a waiver of informed consent was obtained from the
research committee.Data was collected in a pre-designed
data collection sheet that has been saved in a special
locked cabinet accessed only by the primary investigator
(PI). The data was then de-identified and entered by serial
numbers only in an excel sheet in a lap top only accessed
by the PI for the statistical analysis.

The following definitions, according to the guidance
and recommendations from the Infectious Diseases
Society of America and the Society for Healthcare

Epidemiology of America, were used:

1. CDI was defined by the presence of diarrhea and at
least one of these two criteria: (a) stool specimen
with positive Xpert C. difficile® polymerase chain
reaction (PCR) test (specificity 100%, sensitivity
95%), which identifies the genes (TcdB toxin and
CDT binary toxin genes) associated with C. diffi-
cile, and a deletion in the pathogenicity locus gene
TedC at nucleotide 117 present in NAP1 ribo-
type027; (b) or its toxins or colonoscopy or histo-
pathologic  findings  demonstrating  pseudo
membranous colitis."’

2. CDI was defined as being hospital-acquired when
the onset of symptoms occurred more than 48 hrs
after admission and less than four weeks after dis-
charge from the hospital.'”

3. Previous antibiotic treatment was defined as an anti-
biotic prescribed for at least 48 hrs in the 60 days
before the onset of CDI.

4. Exposure to PPIs, H2 blockers, chemotherapy, or
immunosuppressant was defined as having been
administered with these drugs for at least three

days before the development of CDI.'®

Inclusion Criteria

Children ages 2 tol4 years, diagnosed with hospital-
acquired CDI, and met one or more of the following
criteria:

1. received antibiotics for at least 48 hrs in the 60 days
prior to CDI; (2) prolonged hospitalization or
length of stay (LOS) (more than two weeks) prior
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to CDI; (3) received PPI, H2 blocker, or chemother-
apy at least three days prior to CDI; (4) malignancy,
immunosuppression, inflammatory bowel disease
(IBD), or cardiovascular disease (CVD), and ent-
eral feeding or recent abdominal surgery.

Exclusion Criteria

All the patients with C. difficile colonization, community-
acquired CDI, and those not meeting the inclusion criteria
were excluded from the study.

CDI Treatment Protocol Definitions
Treatment Response

Treatment response is present when either stool frequency
decreases or stool consistency improves and parameters of
disease severity (clinical, laboratory, radiological) improve
and no new signs of severe disease develop. In all other
cases, treatment is considered a failure.'’

Recurrences

Recurrence is present when CDI re-occurs within 8 weeks
after the onset of a previous episode, provided the symp-
toms from the previous episode resolved after completion
of initial treatment."”

Treatment Regimens
For mild or moderate disease C. difficile infection, it was
suggested oral Metronidazole or oral Vancomycin. The
dose of Metronidazole was 30 mg/kg per day by mouth
in four divided doses for 10 days (maximum 500 mg/
dose). The dose of Vancomycin was 40 mg/kg per day
by mouth in four divided doses (maximum 125 mg/dose)
for 10 days.*°

For severe disease, it was suggested oral Vancomycin
as the initial drug of choice. We used the standard oral
dose for Vancomycin: 40 mg/kg per day by mouth in four
divided doses (maximum 125 mg/dose) for 10 days.?’

Statistical Analysis

Quantitative data values were expressed as frequency (per-
centage) and mean + standard deviation (SD) as well as
median and range. Descriptive statistics were used to
summarize demographic and all other clinical characteris-
tics of the participants. The primary outcome variable,
which is the incidence of CDI, was estimated and pre-
sented with a 95% confidence interval (CI). Associations
between two or more quantitative variables were assessed
using chi-square and Fisher exact tests, as appropriate.

Quantitative data between two independent groups (C.
difficile-positive vs -negative) were analysed and com-
pared using unpaired t-tests Results were presented with
95% ClIs. Univariate and multivariate logistic regression
methods were used to assess the predictive values of each
probable predictor or risk factor associated with CDI. For
multivariate regression models, covariates and predictors
were considered if statistically significant at the P <0.10
level in univariate analysis or if determined to be clinically
important. Potential interactions were also included in the
logistic regression model. The results of logistic regression
analyses were reported as odds ratio (OR) with 95% Cls.
Graphical representations of key results were made using
appropriate statistical graphs. A two-sided P-value <0.05
was considered to be statistically significant. All statistical
analyses were done using statistical packages SPSS 22.0
(Armonk, NY: IBM Corp) and Epi Info 2000 (Center for
Disease Control and Prevention, Atlanta, GA, USA).

Results
The Sociodemographic And Clinical
Characteristics Of Participants With

Clostridium difficile Infection

During the study period, 200 participant’s ages between 2
and 14 years were enrolled and screened. The mean age of
the enrolled patients was 7.3 + 3.8 years, and the male to
female ratio was 2.4:1. Clostridium difficile testing was
obtained from all participants as all of them had diarrhea
and at least one of the risk factors as well.

Incidence Of Clostridium difficile By
Demographic And Other Clinical

Characteristics
Among the 200 participants, 23 (incidence: 11.6%; 95%
CI: 7.6 to 16.5) were C. difficile positive, while 177
(88.5%) were C. difficile negative. The participants in the
C. Difficile positive group were younger than those in the
C. difficile negative group (mean age: 6.4+3.4 years vs 7.3
+3.8 years; P=0.290). Table 1 portrays the incidence of
C. difficile by age, sex, and other clinical characteristics.
Next the incidence of CDI according to potential risk
factors was determined. The incidence of C. difficile in the
antibiotic exposure group was significantly higher (22.5%;
95% CI: 15-38.7%) than that of the antibiotic free group
(6.7%; 95% CI: 3.5-11.6%; P<0.001). The incidence of
C. difficile was significantly higher in participants with
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Table | Incidence Of Clostridium difficile By Demographic And
Other Clinical Characteristics

Mean SD n/N Percent Incidence P-value
(95% CI)

Overall Age Group 23/200 | 11.6 (7.6, 16.5)

< 5 years 13/92 14.1 (8.1, 22.4)

5 to 10 years 8/59 13.6 (6.5, 24.1)

> |0 years 2/49 4.1 (0.69, 12.8) 0.172

Age (years) 6.4%3.4; range

(2, 14)
Sex

Male 19/142 | 13.4 (85, 19.7)

Female 4/58 6.9 (2.2, 15.8) 0.192
Antibiotic exposure

Yes 13/51 225 (15, 38.7)

No 10/149 | 6.7 3.5, 11.6) <0.001
Prolonged LOS

Yes 13/45 289 (17.1, 43.3)

No 10/155 | 6.5 (3.3, 11.2) <0.001
Chemo&
immunosuppressant

Yes 10/68 14.7 (7.7, 24.7)

No 13/132 | 9.8 (5.6, 15.9) 0.308
PPI

Yes 10/64 15.6 (8.2, 26.1)

No 13/136 | 9.6 (5.4, 15.4) 0.210
H2 blocker

Yes 5/42 11.9 (4.5, 24.4)

No 18/158 | 11.4 (7.1, 17.1) 0.926
Enteral feeding

Yes 7121 333 (15.9, 55.1)

No 16/179 | 8.9 (5.4, 13.8) 0.001
Recent abdominal surgery

Yes 1/6 16.7 (0.83, 59.1)

No 22/194 | 11.3 (74, 16.4) 0.687
Malignancy

Yes 7/54 13 (5.8, 24)

No 16/146 | 11 (6.6, 16.8) 0.693
IBD

Yes 0/54 0 (0, 31.2)

No 23/146 | 12 (7.9, 17.2) 0.298
CvD

Yes 1/5 20 (1, 66.6)

No 22/195 | 11.3 (7.4, 16.3) 0.546
Immunodeficiency

Yes 4/15 26.7 (9.1, 52.5)

No 19/185 [ 10.3 (6.5, 15.3) 0.056

Abbreviations: Cl, confidence interval; LOS, length of stay; chemo, chemother-
apy; PP, proton pump inhibitor; IBD, inflammatory bowel disease; CVD, cardiovas-
cular disease; SD, standard deviation; n/N, n for positive/negative cases, N for total
number of each group.

prolonged hospital length of stay (LOS) (28.9%; 95% CI:
17.1-43.3%) when compared to non-prolonged LOS
(6.5%; 95% CI: 3.3-11.2%; P<0.001). Similarly, the inci-
dence of C. difficile was significantly higher in the enteral
feeding (33.3%) group than in the non-enteral feeding
(8.9%; P=0.001) group. However, there was no significant
differences were found in the incidence of the other poten-
tial risk factors (age, sex, chemotherapy and immunosup-
H2 blockers, recent surgery,
malignancy, IBD, CVD, and immunodeficiency)
(Table 1). Although there was a trend towards a higher
Clostridium difficile incidence in participants who were
younger than 5 years (14.1%; 95% CI: 8.1-22.4%) when
compared to those aged 5 to 10 years (13.6%; 95% CI:
6.5-24.1%), and more than 10 years (4.1%; 95% CI: 0.69—
12.8%), these differences were not significant (P =0.172).
Additionally, while we observed a trend towards a higher
Clostridium difficile incidence in male participants
(13.4%; 95% CI: 8.5-19.7%) than in female participants
(6.9%; 95% CI: 2.2-15.8%), this was not statistically sig-
nificant (P =0.192).

pressant, abdominal

Common Antibiotics Used Prior To
Clostridium difficile Infection And The

Outcomes Among Infected Patients

The types of antibiotics prescribed to the patients prior to
CDI were checked. Piperacillin-Tazobactam (7/23 (29.1%))
was the most commonly prescribed antibiotic. Figure 1
shows the common antibiotics that were used before CDI.

Treatment And Outcomes

Among the 23 positive C. difficile cases that fulfilled the
criteria for CDI, 17 (74%) were cured, while 6 (26%) had
recurrent infection; however, no treatment failure occurred
among the cases. Metronidazole was administered in 22
cases, of which 16 (72.7%) were cured and 6 (27.3%)
cases had a recurrent infection. There was only one severe
case of CDI, which was initially treated with Vancomycin,
resulting in successful treatment.

Association Of Various Predictors And
Risk Factors With Clostridium difficile
Potential Risk Factors Associated With CDI

The results of the logistic regression analysis for each pre-
dictive variable and probable risk factor, and its association
with C. difficile are presented in Table 2. Logistic regression
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No of cases (%)

® Amox-Clavulanate
M Cefepime

H Ceftriaxone

H Ciprofloxacin

B Meropenem

H Co-Trimoxazole

Piperacillin-Tazobactam

Figure | Common antibiotics used prior to C. difficile infection.

analysis revealed that antibiotic exposure, prolonged LOS,
and enteral feeding were significantly associated with an
increased risk of CDI. The risk of CDI was 4.8 times more

likely in the antibiotic exposure group (OR= 4.8; 95% CI:

Table 2 Association Of Various Predictors And Risk Factors
With Clostridium difficile: Univariate Logistic Regression Analysis

1.9-11.7; P=0.001) compared to the antibiotic free group.
Participants who were positive for CDI were nearly 6 times
as likely to have prolonged LOS (OR= 5.9; 95% CI: 2.4—
14.6; P<0.001), 5.1 times as likely to have enteral feeding
(OR= 5.1; 95% CI: 1.8-14.4; P=0.002) compared to those
who tested negative for CDI. In the multivariate logistic
regression analysis, while controlling for all other potential
covariates and predictors such as age, sex, antibiotic expo-
sure, prolonged LOS, enteral feeding, PPI, H2 blocker, recent
abdominal surgery, chemotherapy and Immunosuppressant,
CVD, and immunodeficiency, we found that the predictors
with the strongest and most significant association with CDI
are antibiotic exposure, prolonged LOS and enteral feeding
(adjusted odds ratio are shown in Table 3).

Discussion

Published reports of CDI incidence in hospitalized chil-
dren has been historically low, but currently might be on
the rise. Kim et al’ reported an increase from 2.6 to 4
cases per 1000 admissions in twenty-two US children
hospitals over a five-year period from 2001 to 2006.
Similar results were also documented in a study by

Unadjusted Odds | 95% ClI P-value Zilberberget et al*' where an increase in hospital-
Ratio (OR) For OR acquired CDI in the pediatric population was reported.
Age Group In Qatar, one study has been conducted to determine the
5 years 39 0.84,17.9 | 0.084 prevalence of CDI and its associated ribotypes isolates.
5 to 10 years 3.7 0.75,182 1 0.110 Cases were recruited from two hospitals (hospitalized
>0 1.0 .
yearst and community cases). They reported that 122 of the
Sex 1532 (7.9%) samples, from a mixed population (adults
Male 21 068, 64 and children), were identified as C. difficile positive.*
Femalet 10 0-200 In our hospital, an adult study was also conducted
Antibiotic exposure | 4.8 1.9, 1.7 | 0.00I among inpatients from 2006 to 2009 with an estimated
.. . 23
Prolonged LOS 59 24, 146 | <0.001 overall incidence of 1.6 cases per 10,000 patients.
However, our children study has shown a CDI incidence
Ch & 1.6 0.65, 3.8 0311 . . ..
eme of 5.9 per 1000 inpatient admission cases.
Immunosuppressant .. [P s
The rate of colonization of C. difficile in pediatric cases
PPI 1.8 072,42 | 0214 younger than two years can range between 33 and
H2 blocker 1.1 0.37, 3.1 0.926
Enteral feeding 5.1 1.8, 14.4 0.002
Table 3 Association Of Various Predictors And Risk Factors
Recent abdominal 1.6 0.18, 14.1 | 0.689 With Clostridium difficile: Multivariate Logistic Regression Analysis
surgery
Adjusted Odds Ratio | 95% CI For | P-
Malignancy 1.2 047, 3.1 0.694 (OR) OR value
CVvD 2.1 0.21, 184 | 0.553 Antibiotic 9.2 2.6, 324 0.001
| defici 3.2 0.92, I'l.1 | 0.067 expostre
mmunodenclensy 1> S I Prolonged LOS | 7.2 22,236 0.001
Note: {Subjects in this category served as the reference group. Enteral feeding 72 1.7, 31.3 0.008
Abbreviations: OR, odds ratio; Cl, confidence interval; LOS, length of stay;

chemo, chemotherapy; PPI, proton pump inhibitor; CVD, cardiovascular disease.

Abbreviations: OR, odds ratio; Cl, Confidence interval; LOS, length of stay.
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70%.%** For this reason, we limited our study to patients
aged 2 years or older, and no older than 14 years.

We observed a higher CDI incidence in participants
younger than five years (14.1%), compared to those aged
five to ten years (13.6%), and over ten years (4.1%). These
results indicate which age group is more likely to have the
infection. Our results are consistent with findings from
studies by Zilberberg et al*' and Duleba et al*® where the
highest incidence of hospitalized CDI was observed in
children aged up to 4 years (44.9/10,000).

Certain factors can lead to an increased risk of CDI.
Antibiotic exposure is considered one of the most signifi-
cant risk factor for developing CDI in both adults and
children, and most antibiotic classes have been associated
with CDI."? There was a significant increase (P<0.001) in
the incidence of CDI in the antibiotic-exposed group in
our study with 22.5% compared with 6.7% in the unex-
posed antibiotic group. This is consistent with reports from
previous studies which reported that Clindamycin, cepha-
losporin, and Fluoroquinolones are most commonly asso-
ciated with CDL%'*?” However, in this study, we found
that the antibiotic most often received prior to CDI cases
was Piperacillin-Tazobactam, which had been adminis-
tered in 7 (29.1%) of 24 cases.

The establishment of an antimicrobial stewardship pro-
gram in our hospital is critically necessary. This program,
together with strict adherence to infection control policies,
will help decrease and prevent the development of hospi-
tal-acquired CDI. Several studies mentioned the impor-
tance and the role of such restrictions in the use of
antibiotics to control the incidence of CDI.***° The results
of these studies and others highlight the importance of
implementing antimicrobial stewardship programs to the
prevention of hospitalization-associated infection.***! The
Society for Healthcare Epidemiology of America and the
Infectious Diseases Society of America have published
guidelines for the appropriate use of the antimicrobial
agents through institutional antimicrobial stewardship
programs.*?

Hospitalization may be an isolated risk factor for
developing CDI, or may be associated with additional
risk factors, such as antibiotic exposure or other healthcare
procedures. The risk of infection increases with prolonged
hospitalization.?’* In our study, patients with prolonged
hospitalization had a higher incidence (28.9%) of CDI.

While reviewing the literature, enteral feeding (mainly
nasogastric feeding) is reported to be a risk factor for
developing CDI in both adult and pediatric populations.

One study, which used a multivariate analysis for enteral
feeding as a risk factor of CDI, showed an odds ratio of
19.7.3* Another study also reported a statistically signifi-
cant association between enteral feeding and CDI (P
=0.04).>*> Our study found significantly higher CDI inci-
dence in participants with prior enteral feeding compared
to non-enteral feeding cases (33.3% vs 8.9%, P = 0.001).

The first-line treatment for CDI recommended by the
American Academy of Pediatrics is Metronidazole.
Nevertheless, some evidence support the use of oral vanco-
mycin treating CDI in adults, especially in severe cases.*
The majority of our cases were mild cases, with only one
severe infection. All 22 mild cases were treated with
Metronidazole leading to cure of 16 (72.7%) cases, while6
(27.3%) had relapse. The severe case was initially treated
and cured with vancomycin. In total, 17 cases (74%) were
cured from the first attempt and 6 cases (26%) had recurrent
infection. No treatment failure was reported. The percentage
of the recurrent infection that we have reported is similar to
previously published study, where approximately 30% of
pediatric cases had recurrent CDI.?’ Discontinuation of
these antibiotics can be the initial step of the treatment in
those cases of CDI where antibiotics were the culprits. In
our study, discontinuation of the responsible antibiotics
occurred in only 5 of 13 (38.5%) cases. In the remaining
cases, antibiotics could not be discontinued due to the
severe infection.

This study had some limitations. As this was a retro-
spective study, the retrospective design can introduce bias,
including inadequate identification of variables for analy-
sis. The study had small, hospital-specific samples; hence,
results may not be applicable to other hospitals despite the
diversity in the cases included in the study. The duration of
the study was also short (one year). Despite these limita-
tions, this study provided valuable insight as the first study
to focus on the incidence, significance, and risk factors for
hospital-acquired CDI in a pediatric population in Qatar.

Conclusion

Prior exposure to antibiotics and prolonged hospitalization
remain fundamental risk factors for the CDI in hospitalized
children. In addition, our study highlighted enteral feeding
as a risk factor as well. Further prospective studies are
needed to assess the incidence of CDI trend in our hospital
to either detect an increase or a decrease and to identify
other risk factors for CDI. Additionally, our results highlight
the importance of antimicrobial stewardship programs in

the prevention of hospitalization-associated infection.
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Significant efforts are required to prevent the spread of this

infection in hospitals and medical centers, with a focus on

infection control protocols and antimicrobial stewardship

programs.
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