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ABBREVIATIONS

CDl—Clostridium difficile infection
CA—community-associated

C0-HCFA—community-onset, health care facility—associated
EIP—Emerging Infections Program

HCFO—health care facility—onset

NAAT—nucleic acid amplification test

NAP—North American pulsed-field gel electrophoresis
WBC—uwhite blood cell
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WHAT’S KNOWN ON THIS SUBJECT: Little is known about the
epidemiology and pathogenicity of Clostridium difficile infection
among children, particularly those aged =3 years in whom
colonization is common and pathogenicity uncertain.

WHAT THIS STUDY ADDS: Young children, 1 to 3 years of age, had
the highest Clostridium difficile infection incidence. Considering
that clinical presentation, outcomes, and disease severity were

similar across age groups, C difficile infection in the youngest age
group likely represents true disease and not asymptomatic

OBJECTIVE: Little is known about the epidemiology of Clostridium
difficile infection (CDI) among children, particularly children =3 years
of age in whom colonization is common but pathogenicity uncertain.
We sought to describe pediatric GDI incidence, clinical presentation,
and outcomes across age groups.

METHODS: Data from an active population- and laboratory-based CDI
surveillance in 10 US geographic areas during 2010-2011 were used to
identify cases (ie, residents with C difficile—positive stool without
a positive test in the previous 8 weeks). Community-associated (CA)
cases had stool collected as outpatients or =3 days after hospital
admission and no overnight health care facility stay in the previous 12
weeks. A convenience sample of CA cases were interviewed. Demo-
graphic, exposure, and clinical data for cases aged 1 to 17 years were
compared across 4 age groups: 1 year, 2 to 3 years, 4 to 9 years, and 10
to 17 years.

RESULTS: Of 944 pediatric CDI cases identified, 71% were CA. CDI in-
cidence per 100000 children was highest among 1-year-old (66.3)
and white (23.9) cases. The proportion of cases with documented di-
arrhea (72%) or severe disease (8%) was similar across age groups;
no cases died. Among the 84 cases interviewed who reported diarrhea
on the day of stool collection, 73% received antibiotics during the pre-
vious 12 weeks.

CONCLUSIONS: Similar disease severity across age groups suggests
an etiologic role for C difficile in the high rates of CDI observed in
younger children. Prevention efforts to reduce unnecessary antimi-
crobial use among young children in outpatient settings should be
prioritized. Pediatrics 2014;133:651-658
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Clostridium difficile causes a wide spec-
trum of clinical iliness, from asymptom-
atic colonization and mild diarrhea to
pseudomembranous colitis and toxic
megacolon. Among adults, C difficile in-
fection (CDI) incidence and severity in-
creased markedly in the past decade,
attributed partly to the emergence of the
North American pulsed-field gel electro-
phoresis (NAP) type 1 (NAP1).! CDI in-
cidence in hospitalized children has also
increased since 1997,23 but little is known
about the epidemiology of CDI in the
general pediatric population.

Infants acquire C difficile in the first
months of life, with reported prevalence
of asymptomatic colonization as high as
73% by 6 months of age* colonization
can occur by both toxigenic and nontoxi-
genic C difficile strains® Asymptomatic
colonization decreases rapidly during
the second and third years; and by the
time children reach 3 years of age,
C difficile asymptomatic carriage is
0% to 3%, similar to that in adults.®
Why infants do not develop clinical
illness even when colonized with toxi-
genic strains is not known; a possible
explanation that has been raised but not
yet demonstrated is the absence of
mature intestinal receptors for C diffi-
cile toxins57 On the basis of this ap-
parent lack of association between
carriage and disease, published guide-
lines from the American Academy of
Pediatrics recommend against testing
children <12 months of age unless the
infant has a severe motility disorder or
if in an outbreak situation.®

In children 1to 3 years of age, the clinical
significance of detecting C difficile is not
well understood. C difficile laboratory
diagnostic methods such as enzyme im-
munoassay or nucleic acid amplification
test (NAAT) do not differentiate between
colonization and disease. In the context
of rapidly changing epidemiology and
severity of CDI among populations pre-
viously at low risk of CDI, a better un-
derstanding of the association between
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C difficile—positive stool and clinical dis-
ease among young children to help guide
clinical management and prevention
efforts has become important?

METHODS
Pediatric CDI Surveillance

In2010, the Emerging Infections Program
(EIP) conducted active population-based
CDI'surveillance in select counties in 8 US
states: California, Colorado, Connecticut,
Georgia, Minnesota, New York, Oregon,
and Tennessee. In 2011, the surveillance
expanded to Maryland and New Mexico.
The population of children aged 1 to 17
years across the EIP sites in 2010 and
2011 was 1940194 and 2462 433, re-
spectively.’® The surveillance methods
have been described elsewhere.!
Briefly, surveillance staff at each EIP site
identified all positive C difficile test
results either by toxin or molecular as-
say from all laboratories serving sur-
veillance area residents. A pediatric CDI
case was defined as a C difficile—positive
stool specimen in a surveillance area
resident aged 1to 17 years who did not
have a positive assay in the previous 8
weeks. Infants <12 months of age were
excluded from surveillance. For each CDI
case, medical records were reviewed to
determine ifthe infection was health care
facility—onset (HCFO; ie, positive stool
collected >3 calendar days after admis-
sion) or community-onset (all others).’2
Community-onset CDI cases were further
classified into 2 mutually exclusive
groups: (1) community-onset, health care
facility—associated (CO-HCFA) if there was
arecent (ie, within 12 weeks before stool
collection date) overnight stay in a health
care facility or (2) community-associated
(CA) if no recent overnight stay in a health
care facility was documented. Data on
clinical presentation, disease severity,
clinical outcomes, medication exposures
in the 2 weeks before stool collection,
and underlying medical conditions
were obtained from the medical
records for all GDI cases. A 2-week

instead of a 12-week period was used
for medication exposure during the
medical record review for operational
purposes. However, the highest risk
period for CDI is reported to be within 2
weeks of antibiotic cessation.'s Infor-
mation on other enteric pathogens
tested on the same day as the positive ¢
difficile specimen was collected. Stool
collection and testing for C difficile or
other enteric pathogens was based on
provider discretion.

A convenience sample of CA CDI cases
with stool collected from January 1,
2010, to December 31, 2011, were con-
tacted for a telephone interview within 3
to 6 months after stool collection. Per-
sons aged 13 to 17 years were inter-
viewed directly, whereas a parent or
legal guardian was interviewed for
children 1 to 12 years of age. Inter-
viewees were asked additional ques-
tions regarding the CDI case’s clinical
symptoms, medical history, exposures
to outpatient health care settings,
medications in the 12 weeks before
stool collection, indication for taking
antibiotics, and household exposures.

A separate convenience sample of C
difficile—positive stool specimens was
cultured, and recovered isolates un-
derwent pulsed-field gel electrophore-
sis. Pulsed-field gel electrophoresis
patterns were analyzed by using Bio-
Numerics version 5.10 (Applied Maths,
Austin, TX) and grouped into pulsed-
field types by using Dice/UPGMA clus-
tering, and an 80% similarity threshold
was used to assign NAP types.'4

This project was approved by the in-
stitutional review boards at the Centers
for Disease Gontrol and Prevention and
participating sites. Verbal consent or
assent, when appropriate, was obtained
from all persons interviewed.

Statistical Analysis

The total 2010 and 2011 US population
census of children aged 1to 17 years from
surveillance areas was used to calculate



incidence rates per 100000 children
across the 2 calendar years. GCases were
stratified into ages 1 year, 2 to 3 years, 4
to 9 years, and 10 to 17 years. Missing
race data (37%) were statistically im-
puted on the basis of the distribution of
known race by age, gender, and surveil-
lance site.

The proportion of cases diagnosed by
NAAT was estimated by using data from
annual laboratory practices surveys
conducted among clinical, reference,
and commercial laboratories serving
the surveillance areas.

Demographic, exposure, and clinical
characteristics and type of C difficile—
positive diagnostic assay were com-
pared by using)(2 or Fisher’s exact tests
to detect any difference across the 4 age
groups. The Wilcoxon rank sum test was
used to compare continuous variables.
All analyses were conducted by using
SAS version 9.2 (SAS Institute, Cary, NC).

RESULTS

Incidence and Epidemiologic
Classification of CDIs

During January 1, 2010, to December 31,
2011, 944 cases of pediatric CDI were
identified among 885 children. There was
no difference in the incidence of CDI
between boys and girls, butthe incidence
was highest among white children and
those aged 1 year old (ie, 12—23 months
old) (Table 1). The incidence decreased
between ages 1 to 6 years from 66.3 to
13.8 per 100 000 children and increased
between ages 13 to 17 years from 8.8 to
25.6 per 100 000 children (Fig 1). Of the
944 cases identified, 667 (71%) were CA,
163 (17%) were CO-HCFA, and 114 (12%)
were HCFO. In every age group, >50% of
cases were CA (Fig 2).

Laboratory Diagnosis and Clinical
Characteristics

The estimated proportion of cases
detected by NAATwas not different across
the age groups (Table 2). Presenting
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TABLE 1 Incidence of Pediatric CDI by Select Demographic Characteristics: EIP, 2010-2011

Characteristic n (%) Population?, n Total Incidence P
Gender .26
Male 499 (53) 2247 607 222
Female 445 (47) 2155020 20.6
Race” <.0001
White 656 (69) 2745611 239
Nonwhite 288 (31) 1657016 174
Age group <.0001
1 year 171 (18) 257 797 66.3
2-3 years 188 (20) 526 231 35.7
4-9 years 245 (26) 1567 904 156
10-17 years 340 (36) 2050 695 16.6
N =944,

a Population of children aged 1-17 years in surveillance catchment areas during 2010-2011 based on 2010 and 2011 US

census data.

b Statistically imputed for 353 (37%) cases with missing or unknown race.

signs and symptoms were mild and
similar across the age groups. Within 1
day of stool collection, diarrhea and
a white blood cell (WBC) count of =15
000 cells per mm?® was documented in
680 (72%) and 68 (7%) of cases, re-
spectively; 3 cases had radiographic
evidence of ileus and 5 cases developed
pseudomembranous colitis within 5
days of stool collection. Recurrence, de-
fined as C difficile—positive stool within 2
to 8 weeks after previously positive
stool, was documented in 100 (11%)
cases overall, but it was less frequent
among cases aged 10 to 17 years (P =
.04) than in cases in other age groups.

Severe Disease, Underlying Medical
Conditions, and Hospitalizations

The proportion of cases with severe dis-
ease, defined by abnormal radiographic
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FIGURE 1

finding (ileus or toxic megacolon),
WBC count of =15 000 cells per mm®,
pseudomembranous colitis, or ICU ad-
mission, was low (76; 8%) and similar
across the age groups (P=08) (Table 2).
Underlying medical conditions were
more frequently documented for cases
aged 10 to 17 years (P << .001), particu-
larly inflammatory bowel disease (P =
.004). In most cases (830; 88%), C difficile—
positive stool was collected as an out-
patient, but the proportion of C difficile-
positive stool collected as outpatient was
significantly lower among cases aged 10
to 17 years compared with cases in other
age groups (P=.005); cases aged 10to 17
years were also more likely to be hospi-
talized within 7 days of stool collection
(P=.004). Six cases overall required ICU
admission, 1 case required colectomy,
and there were no deaths.

8 9 10 11 12 13 14 15 16 17

Age, years

Pediatric CDI crude incidence per 100 000 children by age, 2010-2011 (N = 944).
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Proportion of pediatric CDI cases in each epidemiologic class by age group.

Medication Exposure

Antibiotic use during the 14 days before C
difficile-positive  stool collection was
documented in 33% of cases and did not
differ across the age groups (P = 23).
Among cases that used antibiotics, cepha-
losporins (131; 41%) and B-lactam agents
with increased activity (98, 31%) were
most commonly documented; a combina-
tion of amoxicillin and clavulanate (92
94%) was the most common B-lactam
with increased activity. The use of gastric
acid suppressors, systemic steroids,
chemotherapy, or other immunosup-
pressive therapies was not common and
did not differ across the age groups.

Coinfected Cases

Coinfection with ancother enteric pathogen
was identified in 17 (3%) of 535 cases. The
identified copathogens were bacterial (n=
12), protozoal (n = 4), and viral (n = 1)
(Table 2). Evidence of coinfection was more
common among children aged 2to 9 years
than among children in other age groups
(P = 03). Compared with 518 cases who
did not have coinfection identified, the
coinfected cases were similar with respect
to hospitalization (19% vs 29%; P= .34) and
disease severity (9% vs 18%; P = .19).

C difficile Molecular
Characterization

C difficile was recovered from 132 (78%)
of 169 positive specimens cultured; age
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distribution did not differ between
culture-positive and culture-negative
cases (P=.4).The 2 HCFO cases with C
difficile isolates available were com-
bined with the 29 CO-HCFA cases to as-
sess differences in strain distribution
between health care—associated and CA
cases. NAP1 was the most common
strain (30; 23%) followed by NAP11 (17;
13%) and NAP4 (15; 11%) (Table 3). There
was no difference in the proportion of CA
and health care—associated cases
that were NAP1 (22% vs 26%; P = .63).
Four cases were NAP7 or NAP8, and all
were CA.

Health Interviews

Of 667 CA CDI cases, 123 (18%) were
contacted for health interviews; 95 (77%)
completed interviews, 15 (12%) could not
be contacted, and 13 (11%) declined
participation. Among 95 patients inter-
viewed, 84 (88%) reported diarrhea on
the day of stool collection and were in-
cluded in the analyses. The 84 included
caseswere similartothe CACDI cases not
interviewed with regard to age and
gender, butinterviewed cases were more
likelyto be white (93% vs 64%; P<<.0001).

Of the 84 cases included, 61 (73%)
reported antibiotic use during the 12
weeks before diarrhea onset, and the
most commonly reported reason for
antimicrobial therapy was for ear, sinus,
or upper respiratory tract infection (51;

84%) (Table 4). Penicillins (27; 44%)
were the most commonly reported
antibiotics used, followed by cepha-
losporins (24; 39%) and B-lactams with
increased activity (16; 26%). The use
of gastric acid suppressors (proton
pump inhibitors or histamine,-receptor
blockers) was not common (8; 9%).
Among 73 (87%) cases who reported
any outpatient health care exposures
during the 12 weeks before diarrhea
onset, a doctor’s office visit was the
most common (71; 97%), followed by
a dental office visit (23; 32%). Only 7
(8%) cases had neither outpatient
health care nor antibiotic exposure.

Among 19 (23%) cases exposed to
household members with diarrhea, 3
reported exposure to a household mem-
ber with confirmed CDI. Fourteen (17%)
and 12 (14%) cases reported exposure to
household members who worked in
health care facilities and to infants, re-
spectively.

DISCUSSION

Most of the CDI cases among children
from diverse US locations were GA and
clinically mild. Although children aged 1
to 3 years, particularly the 1-year-old
children, had the highest incidence of
GDI, the clinical presentation, disease
severity, and outcomes were similar
across the 4 age groups studied, sug-
gesting that the presence of positive C
difficile specimens in patients 1 to 3
years of age likely represents infection
as it does in older children.

Infants, who were excluded from our
study, are well knownto be colonized with
C difficile, but at what age and to what
degree G difficile becomes pathogenic
among young children are not clear. If
the high incidence among children 1 year
of age represented only persistent colo-
nization beyond infancy, we would have
expected to observe milder clinical dis-
ease among the youngest cases com-
pared with cases in older age groups. In
fact, similar clinical characteristics were
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TABLE 2 Comparison of Clinical Characteristics, Disease Severity, and Outcomes Among Pediatric CDI Cases by Age Group, 2010—2011

Variable Age Group, n (%) P
Total (N = 944), Year 1 2-3 Years 4-9 Years 1017 Years
n% (n=171) (n=188) (n = 245) (n = 340)
Cases diagnosed by NAAT® 367 (39) 67 (39) 73 (39) 99 (40) 128 (38) 93
Diarrhea within 1 day of stool collection 680 (72) 133 (78) 140 (74) 173 (71) 234 (69) 15
WBC count =15 000 cells per mm? within 1 day of stool collection 68 (7) 8 (5) 9 (5) 18 (7) 33 (10) .09
Radiographic ileus within 5 days of stool collection 3(0.3) 0 0 21 1(0.5) 93
Pseudomembranous colitis documented on surgical pathology 5(0.5) 1(1) 1(1) 0 3 (1) .56
or endoscopy performed within 5 days of stool collection
Recurrence 100 (11) 23 (13) 20 (11) 33 (13) 24 (7) 04
Severe disease” 76 (8) 9 () 10 (5) 21(9) 36 (11) .08
Stool collected as outpatient 830 (88) 161 (94) 167 (89) 218 (89) 284 (84) .005
Hospitalized within 7 days of outpatient stool collection 154 (19) 18 (11) 30 (18) 36 (17) 70 (25) .004
Admitted to ICU 6 (4) 0 1 4. (11) 1(1) .07
Underlying medical conditions, any® 395 (42) 49 (29) 73 (39) 96 (39) 177 (52) <.001
Pulmonary disease 64 (16) 7(14) 12 (16) 15 (16) 30 (17) RA
Hematologic or solid malignancy 52 (13) 5 (10) 9 (12) 14 (15) 24 (14) 97
Inflammatory bowel disease 28 (7) 0 1(1) 7(7) 20 (11) .004
Medications
Antibiotics, any® 316 (33) 56 (33) 68 (36) 91 (37) 101 (30) 23
Gephalosporins 131 (41) 20 (36) 27 (40) 39 (43) 45 (45) 72
B-Lactams with increased activity® 98 (31) 21 (38) 33 (49) 20 (22) 24 (24) .0008
Folic acid inhibitors 53 (17) 6 (11) 14 (21) 15 (16) 18 (18) 52
Clindamycin 27 (9) 0 1(1) 7(8) 19 (19) <.0001
Macrolide 27 (9) 6 (11) 6 (9) 7(8) 8 (8) 92
Fluoroquinolones 22 (7) 2 (4) 3 (4) 4 (4) 13 (13) 07
Penicillins® 15 (5) 3 (5) 0 9 (10) 3 (3) 02
Proton pump inhibitors 91 (10) 11 (6) 18 (10) 24 (10) 38 (11) 40
Histamine,-receptor blockers 48 (5) 8 (5) 11 (6) 12 (5) 17 (5) 96
Systemic steroids 81 (9) 6 (4) 17 (9) 23 (9) 35 (10) 07
Chemotherapy or other immune suppressing agents 24 (3) 2(1) 4(2) 7(3) 11 (3) 93
Stool concurrently tested for coinfection 535 (57) 107 (63) 111 (59) 136 (56) 181 (53) 20
Coinfected' 17 (3) 0 8 (5) 7 (5) 42 03

a Estimated by using data from annual laboratory practices surveys across laboratories serving the surveillance areas.

b Abnormal radiographic finding: WBC =15 000 cells per mm?®, pseudomembranous colitis, or ICU admission.

¢ Not mutually exclusive

dIncludes amoxicillin and clavulanate; ampicillin and sulbactam; piperacillin and tazobactam.

¢ |ncludes penicillin and amoxicillin.

fldentified copathogens include the following: Campylobacter jejuni (5), Salmonella spp (4), Shigella (2), shiga toxin—producing Escherichia coli (1), Cryptosporidium parvum (2), Entamoeba
histolytica (1), Giardia lamblia (1), and rotavirus (1).

observed despite a higher proportion of
older cases having underlying comorbid
conditions, in particular, inflammatory
bowel disease. Among hospitalized chil-
dren, inflammatory bowel disease has
been shown to be associated with CDI
recurrence, treatment failure, and in-
creased length of hospitalization.'®
Comorbid conditions may affect clinical
presentation less significantly among
nonhospitalized CA CDI cases. Finally, the
high CDI incidence we observed among
the youngest age group may be related
to the finding that children 0 to 2 years
of age have the highest outpatient anti-
biotic prescribing rate, even when com-
pared with patients =65 years.'¢
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Women have been reported to have
a higher incidence of GDI than men in
studies involving adult populations, but
no difference in incidence was seen
between girls and boys in our study.'”
Environmental exposures that confer
risk for C difficile acquisition may differ
by gender among adults but not among
children. CDI incidence is higher among
white than nonwhite populations in our
data, which may be explained by higher
outpatient health care utilization re-
ported among whites than nonwhites,
likely reflecting, in part, differences in
health care access.'8

The GDI burden among pediatric pa-
tients appears to be much higher in

community compared with hospital set-
tings. Ourfinding that 71% of CDI pediatric
cases are CA supports the reported in-
crease in GA CDI among children in other
studies.’®20 These CA cases did not have
an overnight stay in a health care facility,
but 87% of them reported exposure to
outpatient health care facilities before
CDI, which may represent either the
source of C difficile acquisition or where
antibiotics were prescribed. Other
sources of C difficile in the community
have been speculated. A review of GDI
cases in Canada reported a substantial
increase in short-term relative risk
of CDlamong spouses and children of
index CDI cases.2' Day care centers
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TABLE 3 Distribution of Pediatric C difficile NAP Types by Epidemiologic Class

Strain Type CA (n=101) Health Care—Associated®

(n=231)

NAP1 22 (22) 8 (26)

NAP4 11.(11) 4 (13)

NAP 7 or NAP8 4 (4) 0 (0)

NAP9 8 (8) 1(3)

NAP11 11.(11) 6 (19)

Other® 45 (44) 12 (39)

Data are presented as n (%). N = 132.
a C0-HCFA (n = 29) and HCFO (n = 2) cases were combined.

b Other NAP types include NAP2, NAP3, NAP6, NAP10, NAP12, and unnamed.

have also been raised as a potential
source of C difficile in the community.
Matsuki et al??2 found C difficile envi-
ronmental contamination in a day nurs-
ery and a kindergarten, and even
though the strains isolated in the en-
vironment were identical to the strains
isolated from the children, they were
not linked to clinical illness. In our
study, day care attendance was not
assessed. Finally, C difficile has been
isolated from retail meats in some

studies, and some have speculated
food as a source of C difficile in the
community.25-% In our study, NAP7 and
NAP8, the strains that have been most
frequently isolated from meat samples,
were uncommon.

0f the CA CDI cases who were inter-
viewed, a large proportion (73%) re-
ported recent antibiotic exposure,
which was slightly higher than the 64%
reported by Chitnis et al?6 among both
adult and pediatric CA CDI cases. The

TABLE 4 Characteristics and Exposures Among Interviewed Pediatric CA CDI cases With Diarrhea
at Time of C difficile-Positive Stool GCollection

Variable n (%)
Antibiotics during 12 weeks before C difficile—positive stool 61 (73)
collection
Reasons for antimicrobial therapy
Ear, sinus, upper respiratory infections 51 (84)
Bronchitis/pneumonia 11 (18)
Urinary tract infections 4.(7)
Skin infections 3 (5)
Dental cleaning/surgery 1(2)
Class of antibiotics used
Penicillins 27 (44)
Cephalosporins 24 (39)
B-Lactams with increased activity 16 (26)
Macrolides 5 (8)
Clindamycin 2 (3)
Fluoroquinolones 1(2)
Proton pump inhibitor 7(8)
Histamine,-receptor blocker 1(1)
Outpatient health care exposure during 12 weeks before 73 (87)
C difficile-positive stool collection
Doctor’s office 71(97)
Dentist’s office 23 (32)
Outpatient clinic at a hospital 9(12)
Emergency department 4 (5)
Household member had diarrhea during 12 weeks before case’s 19 (23)
C difficile-positive stool collection
Household member’s diarrhea diagnosed as C difficile 3 (16)

Household member works in health care facility
Have household members aged 0—11 months

14 (17)
12 (14)

N =184
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most commonly reported reason for
antimicrobial therapy was ear, sinus,
or upper respiratory tract infection.
Our data are consistent with other
findings that otitis media and upper
respiratory tract infections are the
most common reasons for antibiotic
use, a large proportion of which is
thought to be inappropriate.27-28

Exposure to antibiotics is the most im-
portant modifiable risk factor for CDI.'3
2 The findings from our study un-
derscore the opportunity for effective
antibiotic stewardship programs in pe-
diatric outpatient settings to affect CDI
incidence. Although the use of gastric
acid—suppressing medications has been
described as a risk factor for CDI among
both hospitalized and nonhospitalized
patients, the use of proton pump inhib-
itors and histamine,receptor blockers
was relatively uncommon among chil-
dren in our study.30-52

The identification of coinfection was
rare in our study, and there was no
association between coinfection and
severity of illness. Although a single-
center study reported a 11% rate of C
difficile coinfection among pediatric
cases, most of the coinfected cases
were <1 year of age.3’

The distribution of NAP types in our
study was consistent with recent US
findings among adults with CA CDI, in
whom NAP1 was the most common
strain type.26 The predominance of the
NAP1 strain among CA pediatric cases
is notable, because 1 factor postulated
to have contributed to its emergence
is high-level resistance to fluoroqui-
nolones. This class of antibiotics is
commonly used in adults but not in
children.3* These findings provide fur-
ther evidence of the ability of NAP1 to
spread across a range of hospital and
nonhospital settings, causing disease
in a population traditionally thought to
be at low risk of infection.

Our study is subject to limitations. First,
health interviews were completed in



a convenience sample of CA cases, and
a higher proportion of white cases
completedthe interviews than nonwhite
cases. Health care—associated cases
were not interviewed. Similarly, only
a sample of cases had stool submitted
for culture and strain typing. There-
fore, cases who completed health
interviews and cases who had C diffi-
cile isolates strain-typed may not be
representative of all pediatric cases
identified in the surveillance. Second,
although published guidelines for CDI
diagnosis recommend C difficile test-
ing only on unformed stool,'2on chart
reviews 28% of our cases did not have
documentation of diarrhea. However,
relying solely on diarrhea docu-
mented in medical records likely
underestimates the number of cases
with diarrhea, because the proportion
of cases who did not report diarrhea
decreased to 12% after patients were
interviewed. Third, the proportion of
coinfected cases identified in our study
may be an underestimate given that we
only captured other enteric pathogens
tested on the same day as the C diffi-
cile—positive stool. In addition, some
enteric viruses are not routinely tested

REFERENCES

1. McDonald LG, Killgore GE, Thompson A,
et al. An epidemic, toxin gene-variant strain
of Clostridium difficile. N Engl J Med. 2005;
353(23):2433-2441

2. Kim J, Smathers SA, Prasad P, Leckerman
KH, Coffin S, Zaoutis T. Epidemiological
features of Clostridium difficile-associated
disease among inpatients at children’s
hospitals in the United States, 2001-2006.
Pediatrics. 2008;122(6):1266—1270

3. Zilberberg MD, Tillotson GS, McDonald C.
Clostridium difficile infections among hos-
pitalized children, United States, 1997-2006.
Emerg Infect Dis. 2010;16(4):604—609

4. Tullus K, Aronsson B, Marcus S, Mollby R.
Intestinal colonization with Clostridium dif-
ficile in infants up to 18 months of age. Eur
dJ Clin Microbiol Infect Dis. 1989;8(5):390—-393

5. Rousseau C, Poilane |, De Pontual L,
Maherault AC, Le Monnier A, Collignon A.

PEDIATRICS Volume 133, Number 4, April 2014

for by clinical laboratories. Finally, an-
tibiotic exposure may have been over-
estimated because some physicians
may only consider a C difficile di-
agnosis in children with recent antibi-
otic exposure, even though current US
guidelines do not recommend this
practice given increasing reports of
CDI in the absence of antibiotic expo-
sure 812

CONCLUSIONS

To our knowledge, this study is the
largest active population-based sur-
veillance of CDI'in US children. We found
that the highest burden of pediatric CDI
is in the community. Children from 12 to
23 months of age are at the highest risk
of infection; and clinical presentation,
disease severity, and outcomes are
similar across ages, supporting a path-
ogenic role of C difficile among symp-
tomatic young children. Exposure to
antibiotics was very common, indicating
the need for prevention efforts that fo-
cus on antibiotic stewardship in pedi-
atric outpatient health care settings.
Future studies will be important to
identify potential sources of C difficile

Clostridium difficile carriage in healthy
infants in the community: a potential res-
ervoir for pathogenic strains. Clin Infect
Dis. 2012;55(9):1209-1215

6. Jangi S, Lamont JT. Asymptomatic coloni-
zation by Clostridium difficile in infants:
implications for disease in later life. J
Pediatr Gastroenterol Nutr. 2010;51(1):2—7

7. Eglow R, Pothoulakis C, ltzkowitz S, et al.
Diminished Clostridium difficile toxin A
sensitivity in newborn rabbit ileum is as-
sociated with decreased toxin A receptor. J
Glin Invest. 1992;90(3):822—829

8. Schutze GE, Willoughby RE; American Academy
of Pediatrics Committee on Infectious Dis-
eases. Clostridium difficile infection in infants
and children. Pediatrics. 2013;131(1):196-200

9. Centers for Disease Control and Prevention.
Severe Clostridium difficile-associated dis-
ease in populations previously at low risk—

ARTICLE

acquisition among children in the com-
munity.

ACKNOWLEDGMENTS

The authors acknowledge the following
contributors: Ms Joelle Nadle, Ms Erin
Garcia, and Ms Erin Parker (California
Emerging Infections Program); Dr Wendy
Bamberg (Colorado Emerging Infections
Program); Ms Carol Lyons (Connecticut
Emerging Infections Program); Ms Leigh
Ann Clark and Mr Andrew Revis (Georgia
Emerging Infections Program); Ms
Rebecca Perlmutter and Ms Malorie
Givan (Maryland Emerging Infections
Program); Dr Ruth Lynfield (Minnesota
Emerging Infections Program); Mr
Nathan Blacker (New Mexico Emerging
Infections Program); Ms Rebecca Tsay
and Ms Deborah Nelson (New York
Emerging Infections Program); Ms
Valerie Ocampo (Oregon Emerging In-
fections Program); Dr Samir Hannah,
Ms L. Amanda Ingram, and Ms Brenda
Rue (Tennessee Emerging Infections Pro-
gram); Ms Susan Sambol and Ms Laurica
Petrella (Hines Veterans Affairs Hospi-
tal); and Ms Lydia Anderson, Drs Brandi
Limbago and Duncan MacCannell (Cen-
ters for Disease Control and Prevention).

four states, 2005. MMWR Morb Mortal Wkly
Rep. 2005;54(47):1201-1205

10. United States Gensus Bureau. Available at
http://www.census.gov/. Accessed May 15,
2013

11. Centers for Disease Control and Prevention.
Measuring the scope of Clostridium difficile
infection in the United States. Available at:
www.cdc.gov/hai/eip/clostridium-difficile.ntml.
Accessed May 15, 2013

12. Cohen SH, Gerding DN, Johnson S, et al.
Clinical practice guidelines for Clostridium
difficile infection in adults: 2010 update by
the Society for Healthcare Epidemiology of
America (SHEA) and the Infectious Diseases
Society of America (IDSA). Infect Control
Hosp Epidemiol. 2010;31(5):431-455

13. Hensgens MP, Goorhuis A, Dekkers OM,
Kuijper EJ. Time interval of increased risk
for Clostridium difficile infection after

657


http://www.census.gov/
http://www.cdc.gov/hai/eip/clostridium-difficile.html

exposure to antibiotics. J Antimicrob Che- associated disease in children. Infect Control dren and adolescents. JAMA. 2002;287(23):
mother. 2012;67(3):742—748 Hosp Epidemiol. 2007;28(11):1233—1235 30963102
14. Killgore G, Thompson A, Johnson S, et al. 20. Sandora TdJ, Fung M, Flaherty K, et al. Epi- 28. American Academy of Pediatrics Sub-
Comparison of seven techniques for typing demiology and risk factors for Clostridium committee on Management of Acute Otitis
international epidemic strains of Clostrid- difficile infection in children. Pediatr Infect Media. Diagnosis and management of acute
ium difficile: restriction endonuclease Dis J. 2011;30(7):580-584 otitis media. Pediatrics. 2004;,113(5):1451—
analysis, pulsed-field gel electrophoresis, 21. Pépin J, Gonzales M, Valiquette L. Risk of 1465
PCR-ribotyping, multilocus sequence typ- secondary cases of Clostridium difficile 29. Centers for Disease Control and Pre-
ing, multilocus variable-number tandem- infection among household contacts of in- vention. Vital signs: preventing Clostridium
repeat analysis, amplified fragment length dex cases. J Infect. 2012;64(4):387-390 difficile infections. MMWR Morb Mortal
polymorphism, and surface layer protein A 99 Matsuki S, Ozaki E, Shozu M, et al. Coloni- Wkly Rep. 2012;61(9):157—162
gene sequence typing. J Clin Microbiol. zation by Clostridium difficile of neonates in 30. Cunningham R, Dale B, Undy B, Gaunt N.
2008;46(2):431-437 a hospital, and infants and children in three Proton pump inhibitors as a risk factor for
15. Pant G, Anderson MP, Deshpande A, et al. day-care facilities of Kanazawa, Japan. Int Clostridium difficile diarrhoea. J Hosp In-
Health care burden of Clostridium difficile Microbiol. 2005;8(1):43—48 fect. 2003;54(3):243—245
infection in hospitalized children with in- 23. Harvey RB, Norman KN, Andrews K, et al. 31. Dial S, Alrasadi K, Manoukian C, Huang A,
flammatory bowel disease. Inflamm Bowel Clostridium difficile in retail meat and Menzies D. Risk of Clostridium difficile di-
Dis. 2013;19(5):1080-1085 processing plants in Texas. J Vet Diagn arrhea among hospital inpatients prescribed
16. Hicks LA, Taylor TH Jr, Hunkler RJUS. U.S. Investig. 2011;23(4):807-811 proton pump inhibitors: cohort and case-
outpatient antibiotic prescribing, 2010. N 24. Songer JG, Trinh HT, Killgore GE, Thompson control studies. CMAJ. 2004;171(1):33-38
Engl J Med. 2013;368(15):1461—-1462 AD, McDonald LC, Limbago BM. Clostridium 32. Dial S, Delaney JA, Barkun AN, Suissa S. Use
17. Kutty PK, Woods CW, Sena AC, et al. Risk difficile in retail meat products, USA, 2007. of gastric acid-suppressive agents and the
factors for and estimated incidence of Emerg Infect Dis. 2009;15(5):819-821 risk of community-acquired Clostridium
community-associated Clostridium difficile 25. Weese JS. Clostridium difficile in food— difficile-associated disease. JAMA. 2005;294
infection, North Carolina, USA. Emerg Infect innocent bystander or serious threat? Clin (23):2989-2995
Dis. 2010;16(2):197—204 Microbiol Infect. 2010;16(1):3—10 33. Valentini D, Vittucci AC, Grandin A, et al.
18. Schappert SM, Burt CW. Ambulatory care 26. Chitnis AS, Holzbauer SM, Belflower RM, Coinfection in acute gastroenteritis pre-
visits to physician offices, hospital out- et al. Epidemiology of community-associated dicts a more severe clinical course in
patient departments, and emergency Clostridium difficile infection, 2009 through children. Eur J Glin Microbiol Infect Dis.
departments: United States, 2001-02. Vital 2011. JAMA Intern Med. 2013;173(14):1359— 2013;32(7):909-915
Health Stat 13. 2006(159):1-66 1367 34. Owens RC Jr, Ambrose PG. Antimicrobial
19. Benson L, Song X, Campos J, Singh N. 27. McCaig LF, Besser RE, Hughes JM. Trends in safety: focus on fluoroquinolones. Clin In-
Changing epidemiology of Clostridium difficile- antimicrobial prescribing rates for chil- fect Dis. 2005;41(suppl 2):S144-S157

(Continued from first page)

Dr Wendt conceptualized and carried out the analyses and drafted the initial manuscript; Ms Cohen designed data collection instruments, coordinated data
collection at all sites, and critically reviewed the manuscript; Dr Mu conducted data analyses and critically reviewed the manuscript; Drs Dumyati, Dunn, Holzbauer,
Winston, Farley, Wilson, and Phipps; Ms Johnston; Mr Meek; and Mr Beldavs coordinated and supervised data collection at 1 site and critically reviewed and revised
the manuscript; Dr Gerding supervised the laboratory testing of all stool samples and critically reviewed and revised the manuscript; Drs McDonald and Gould
conceptualized and designed the study and critically reviewed and revised the manuscript; Dr Lessa conceptualized and designed the study, designed the data
collection instruments, coordinated and supervised data collection at all sites, and critically reviewed and revised the manuscript; and all authors approved the
final manuscript as submitted.

The findings and conclusions in this report are those of the authors and do not necessarily represent the official position of the Centers for Disease Control and
Prevention.

www.pediatrics.org/cgi/doi/10.1542/peds.2013-3049

doi:10.1542/peds.2013-3049

Accepted for publication Jan 3, 2014

Address correspondence to Fernanda G. Lessa, MD, MPH, 1600 Clifton Rd, MS A-24, Atlanta, GA 30333. E-mail: flessa@cdc.gov
PEDIATRICS (ISSN Numbers: Print, 0031-4005; Online, 1098-4275).

Copyright © 2014 by the American Academy of Pediatrics

FINANCIAL DISCLOSURE: The authors have indicated they have no financial relationships relevant to this article to disclose.
FUNDING: This work was funded by the Centers for Disease Control and Prevention. No external funding was used for this study.

POTENTIAL CONFLICT OF INTEREST: Dr Gerding is a board member of Merck, Rebiotix, Summit, and Actelion and consults for Roche, Novartis, Sanofi Pasteur, and
Cubist, all of which perform research on potential Clostridium difficile products; and he is a consultant for and has patents licensed to Viropharma, which makes
vancomycin used to treat C difficile infection; the other authors have indicated they have no potential conflicts of interest to disclose.

658 WENDT et al


mailto:flessa@cdc.gov

