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SUMMARY

The purpose of this study was to identify the clinical outcomes of ambulatory-treated Clostridium
difficile infection (CDI) and risk factors associated with community-associated CDI (CA-CDI).
Adult patients diagnosed with CDI in the institutional or ambulatory-care setting between
1 April 2005 and 30 April 2011, with no other CDI diagnosis in the previous 180 days, and who
purchased an ambulatory, anti-CDI agent within 7 days of CDI diagnosis were included. A total
of 1201 patients were included with 914 (76%) and 287 (24%) identified with CA-CDI and
nosocomial CDI (N-CDI), respectively. Patients with N-CDI were more likely to have had a
recurrent CDI (P=0·043) and died from any cause (P<0·001). Patients with CA-CDI were
younger, healthier, and had fewer traditional risk factors compared to patients with N-CDI.
To prevent CA-CDI, clinicians should be aware that patients at risk for CA-CDI are unique
from those at risk for N-CDI.
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INTRODUCTION

Clostridium difficile (C. diff) is a spore-forming,
Gram-positive anaerobic microorganism that pro-
duces enterotoxins A and B, and generally colonizes
the gastrointestinal tract after an alteration in the nor-
mal gut flora [1]. Clostridium difficile infection (CDI)
is a common cause of antibiotic-associated diarrhoea,
accounting for 20–30% of all antibiotic-associated
diarrhoea episodes [1, 2]. A CDI diagnosis is
confirmed via stool test to identify the presence of
C. diff or its toxins [1, 2].

Nosocomial CDI (N-CDI) is considered the most
common cause of infectious diarrhoea in the healthcare
setting [1, 2]. Known risk factors for N-CDI include
antibiotic use, advanced age, length of stay in health-
care facilities, reception of chemotherapy agents, gas-
trointestinal surgery/manipulation, and the use of
proton pump inhibitors (PPIs) or histamine-2A recep-
tor antagonist (H2RA) [1–3]. While CDI predomi-
nantly occurs in hospitalized patients, healthy persons
without a history of antibiotic use, recent hospitaliza-
tion, and other common CDI risk factors are increas-
ingly being diagnosed in the ambulatory setting [2–4].
Since 2001, the incidence of community-associated
CDI (CA-CDI) and N-CDI have increased [2, 4, 5]. A
2010 population-based surveillance conducted by the
Centers for Disease Control and Prevention (CDC)
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investigated the prevalence in eight areas of the USA
and reported that CA-CDI cases accounted for about
32% of all CDI cases [6].

Since CDI is not a reportable condition in the USA
[6], the peer-reviewed literature on CDI is typically
from non-US sources [7, 8]. The few US-based studies
are retrospective evaluations that primarily investi-
gated the differences in incidences and CDI risk
factors between CDI diagnosed in the inpatient and
outpatient settings [9–15]. Most studies of CDI were
either conducted in targeted populations, did not
include CDIs acquired in non-hospital healthcare
facilities [e.g. skilled nursing facilities (SNFs), long-
term care facilities (LTCFs)], only included patients
treated in the inpatient setting, or did not assess spe-
cifically the risk differences between CA-CDI and
N-CDI [8–15].

Considering the increasing incidence of CDI
and its associated costs and risks (e.g. CDI-related
hospitalizations, colectomies, etc.), further investi-
gation is needed to understand how patients are
being exposed to C. diff spores, especially in the com-
munity setting. The lack of information on risk factors
common to both CA-CDI and N-CDI suggests that
there may be risk factors associated with CA-CDI
that are not associated with N-CDI. The purpose of
this study was to assess risk factors associated with
CDI and to assess and contrast CDI risk factors
and clinical outcomes in patients with N-CDI and
CA-CDI treated with an anti-CDI agent in the ambu-
latory setting.

METHODS

Study design and setting

This is a retrospective, data-only cohort study of
patients diagnosed with CDI any time between
1 April 2005 and 30 April 2011. Patients were fol-
lowed from CDI diagnosis until 180 days after
diagnosis, death, or Kaiser Permanente Colorado
(KPCO) membership termination, whichever came
first. This study was conducted at KPCO, an inte-
grated healthcare delivery system with over 530000
members seen at 25 ambulatory clinics in Colorado.
The majority of services at KPCO are provided by
Colorado Permanente Medical Group (CPMG) salar-
ied physicians in system-owned outpatient facilities. In
addition, CPMG physicians attend at two contracted
hospitals and their associated emergency departments
(EDs), 67 LTCFs and 51 assisted living (ALF)

facilities and seven SNFs. KPCO has its own central-
ized, ambulatory laboratory where stool samples are
processed for C. diff toxin B. In 2010, about 12% of
Colorado’s health insurance-covered lives were
KPCO members.

KPCO utilizes an electronic medical record (EMR)
(Health Connect®, Epic Systems, USA) where coded
and free-text medical, pharmacy, laboratory, death,
etc. information from health-system owned, contrac-
ted, and other facilities are recorded. In addition,
KPCO accounts for deaths of members who termi-
nated membership via the US Social Security
Administration, state death registries, and death-
records.com. Furthermore, outpatient (e.g. Medicare
Part B-covered services) and inpatient (e.g. Medicare
Part A-covered services) health services not performed
at KPCO-owned and -contracted facilities are cap-
tured from billing claims. Information from the
study was obtained from queries of the KPCO admin-
istrative and claims databases.

Ethical standards

This study was reviewed and all aspects were approved
by the Kaiser Permanente Colorado Institutional
Review Board on 17 October 2012. The authors assert
that all procedures contributing to this work comply
with the ethical standards of the relevant national
and institutional committees on human experimen-
tation and with the Helsinki Declaration of 1975, as
revised in 2008.

Study population

This study included all patients identified during the
study period with a positive ambulatory C. diff
toxin B gene (tcdB) laboratory measure from a medi-
cal office encounter and/or a primary discharge diag-
nosis of CDI (ICD-9 code 008.45) recorded during
an ED visit or LTCF, SNF, ALF, or inpatient stay.
The Xpert® C. difficile PCR assay (Cepheid, USA)
was utilized by the KPCO central laboratory to detect
C. diff toxin B gene. Briefly, a loose stool is collected
from a patient with suspected CDI in a sterile,
airtight, screw-capped specimen container with no
preservative. The specimen is refrigerated until deliv-
ery to the central laboratory. Frozen or formed stools
are rejected by the laboratory. According to the
manufacturer’s instructions, duplicate testing is not
recommended or necessary due to the sensitivity of
PCR. Sensitivity, specificity, positive predictive
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value, and negative predictive value for Xpert®

C. difficile are 97·3%, 97·9%, 90·0%, and 99·5%, re-
spectively [16]. For study purposes, a positive, ambu-
latory CDI laboratory value was considered a CDI
diagnosis.

As no laboratory data were available from ED
visits or LTCF, SNF, ALF, or inpatient stays, the
sample was limited to patients with a primary dis-
charge diagnosis of CDI to increase the probability
of true CDI cases. Only patients with a primary dis-
charge diagnosis were included as the CDI ICD-9
code has been found to have limited sensitivity
[17, 18] and other positions can represent documen-
tation of a history of CDI [19]. All included patients
were adults (i.e. 518 years) and a KPCO member
at time of CDI diagnosis with continuous KPCO
membership in the 180 days prior to CDI diagnosis.
Included patients had no prior positive CDI labora-
tory measure or diagnosis code recorded during the
180 days prior to index CDI diagnosis. In addition,
all included patients were required to have purchased
an anti-CDI agent (i.e. metronidazole, vancomycin,
fidoxamicin, rifaximin) from a KPCO pharmacy with-
in 7 days of diagnosis.

All patients were assessed objectively to determine
the setting where CDI was contracted using the fol-
lowing algorithm (Fig. 1):

(1) If a patient was diagnosed with CDI during an ED
visit, SNF, ALF, or LTCF stay, or hospital ad-
mission, his/her medical chart was reviewed. If
there was specific notation (e.g. symptoms present
on admission, C. diff laboratory measure at ad-
mission was positive) in the medical chart by a
physician of CDI being present upon admission/
presentation, the patient was categorized as a
patient with CA-CDI. Otherwise, the patient was
categorized as a patient with N-CDI. Medical
chart review included all available pertinent infor-
mation that was recorded before, after, and at the
time of CDI diagnosis.

(2) If a patient was diagnosed with CDI during a
medical office encounter (i.e. positive C. diff
toxin B laboratory measure) and identified to
have had a SNF, ALF, or LTCF stay, ED visit,
or hospital admission within 4 weeks prior to the
day of diagnosis, the patient’s medical chart was
reviewed. If there was specific notation in the

Positive ambulatory C. difficile toxin B 
laboratory measure from a medical 

office encounter (n=890) 

Primary diagnosis of CDI (ICD-9 
code 008.45) recorded during an 
ED visit or LTCF, SNF, ALF, or 

inpatient stay (n=311)

Manual medical 
chart review

Specific notation 
by a physician of 

CDI being 
present upon 

admission/
presentation

(n=76)

No notation by a 
physician of CDI 

being present 
upon admission/

presentation
(n=235)

Had a SNF, ALF, 
or LTCF stay, ED 
visit, or hospital 
admission within 

four weeks prior to 
the day of positive 
measure (n=134)

Manual medical 
chart review

Specific notation 
by a physician of 

CDI being 
present upon 

admission/
presentation 

(n=82)

No notation by a 
physician of CDI 

being present 
upon admission/

presentation 
(n=52) 

No SNF, ALF, or 
LTCF stay, ED visit, 

or hospital 
admission within 

four weeks prior to 
the day of positive 
measure (n=756)

Community-Acquired CDI
(n=914)

Nosocomial CDI 
(n=287)

Fig. 1. Patient assignment to community-acquired or nosocomial Clostridium difficile infection (CDI) group. ALF,
Assisted living facility; ED, emergency department; LTCF, long-term care facility; SNF, skilled nursing facility.
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chart by a physician of CDI being present upon
admission/presentation, the patient was categor-
ized as a patient with CA-CDI. Otherwise, the
patient was categorized as a patient with N-CDI.

(3) If a patient was diagnosed in the ambulatory set-
ting and had no SNF, ALF, or LTCF stay, ED
visit, or hospital admission within 4 weeks prior
to the day of diagnosis, the patient was categor-
ized as patient with CA-CDI.

Study outcomes

The primary outcome was an assessment and com-
parison of clinical, demographic, and sociodemo-
graphic risk factors between patients with CA-CDI
and N-CDI. Eligible patients were treated for CDI
in an ambulatory setting. Secondary outcomes in-
cluded comparisons of rates of CDI recurrence,
death, and CDI-related death in the 180 days after
diagnosis and hospitalization/re-hospitalization in
the 21 days after diagnosis between patients with
CA-CDI and N-CDI. Types of ambulatory CDI treat-
ment were also compared. Furthermore, an analysis of
the factors independently associated with CA-CDI
was conducted.

Data collection

The study cohort was identified through queries of
KPCO’s electronic administrative and claims data-
bases, including the EMR. Manual medical record
reviews were conducted to determine objectively the
source (i.e. community-acquired vs. nosocomial) of
CDI.

Information on medical office C. diff laboratory
measurements and results were obtained from the
KPCO laboratory database. Information on ED vis-
its, SNF, ALF, and LTCF stays, and hospital admis-
sions were obtained from the KPCO claims database.
Information on patients’ date of birth, sex, residence
community, household members, race, ethnicity, pre-
scription drug benefit, health plan type, and
Medicaid status at the time of CDI diagnosis was
obtained from the KPCO membership database. If
any of this information was missing, a patient’s
medical record was manually reviewed to obtain the
information. Information on diagnosed patient
comorbidities (e.g. digestive disorders, gastroenteritis),
medical office visits, and peripartum status in the
180 days prior to CDI diagnosis was obtained from
the KPCO EMR database using pre-defined ICD-9

codes (codes available from the corresponding
author upon request). Information on prescription
medication purchases and administrations in the
180 days prior to and after CDI diagnosis were
obtained from the KPCO pharmacy database using
pre-defined Generic Product Identifier codes (codes
available upon request). Information on patient
deaths in the 180 days after CDI diagnosis was
obtained from the KPCO death registry.

Data analysis

The ages of patients and household members
age were calculated as of CDI diagnosis date.
Household members were categorized in the following
age groups <1,51 to <4, and54 to410 years. Race
was categorized as white, unknown/unreported, and
other. A chronic disease score (CDS), a validated
measure of a patient’s burden of chronic illness, was
calculated using ambulatory prescription medication
purchases in the 180 days prior to CDI diagnosis
[20, 21]. The CDS ranges in values from 0 to 36 with in-
creasing values indicating a higher burden of chronic
illness. The length of antibiotic use, where applicable,
prior to CDI diagnosis was calculated by summing
the antibiotic days supplied in the 180 days prior to
CDI diagnosis. The count of ambulatory medical
office visits in the 180 days prior to CDI diagnosis
was summed. Health plan types were categorized
as health maintenance organization, deductible/
co-insurance, and other. Patient communities were
categorized as rural, suburban, and urban. C. diff
recurrence was determined by assessing for an
ambulatory purchase of another anti-CDI agent in
the 180 days after the purchase of the index anti-CDI
agent. C. diff-related death was assessed by a cause of
death with an ICD-10 code of A04.7 (‘Other bacterial
intestinal infections: Enterocolitis due to Clostridium
difficile’).

All analyses were performed comparing the
CA-CDI group to the N-CDI group. Patient charac-
teristics were reported as mean [±standard deviation
(S.D.)] or median [with interquartile range (IQR)], as
applicable, for interval-level variables and percentages
for categorical variables. Wilcoxon rank-sum tests
and t tests, as applicable, and χ2 tests of association
or Fisher’s exact tests, where applicable, were used
to assess differences between groups for interval-level
and categorical variables, respectively. To identify
factors associated with CA-CDI, all factors with a
P<0·2 in the bivariate analyses and a prevalence of
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510 patients were entered into a multivariate, logistic
regression model. Factors in the model were assessed
for multicollinearity (i.e. ρ>0·3); however, no multi-
collinearity was detected. Two-way factor interactions
were constructed and tested for statistical significance.
No interactions were statistically significant and, thus,
none were included in the final model. All analyses
were performed using SAS v. 9.2 (SAS Software
Inc., USA).

RESULTS

A total of 1201 patients were diagnosed with CDI
during the study period. Of these, 890 (74·2%) were
diagnosed in a medical office. Of the final study co-
hort, 914 (76·1%) and 287 (23·9%) were identified
with CA-CDI and N-CDI, respectively. Patients
with CA-CDI were more likely to be younger
(P<0·001), female (P=0·002), and had a lower
mean CDS (P<0·001) (Table 1). Patients with
N-CDI were more likely to have had a diagnosis of
peritonitis (P=0·008), digestive disorder (P<0·001),
vascular insufficiency (P=0·045), and/or intestinal
obstruction (P<0·001). There was a numerically
higher percentage of patients with N-CDI (61·0%)
than patients with CA-CDI (54·6%) who made an
ambulatory purchase of an antibiotic prior to CDI
diagnosis but the difference did not reach statistical
significance (P=0·057). However, among patients
who made an ambulatory purchase of an antibiotic
prior to CDI diagnosis, patients with CA-CDI were
more likely to have purchased a penicillin antibiotic
(P<0·001) while patients with N-CDI were more
likely to have purchased a fluoroquinolone antibiotic
(P<0·001).

Patients with N-CDI were more likely to have
purchased a PPI (P<0·001) and/or steroidal agent
(P=0·004) and had a household member who had
been hospitalized (P=0·004) within the 6 months
prior to the patient’s CDI diagnosis. In addition,
patients with N-CDI had a higher count of ambulatory
medical office visits in the 180 days prior to CDI diag-
nosis (P<0·001) with an equivalent percentage in each
group (∼9%) having had no office visits (P>0·05).
Patients with CA-CDI were more likely to have had
a household member who was aged 51 and <4 years
(P=0·005) and/or 54 and 410 years (P=0·016)
as of the date of the patient’s CDI diagnosis. There
were significant differences across the health plan
types between the two groups (P=0·001). In addition,

patients with N-CDI were more likely to have had
Medicaid insurance (P=0·003).

Patients with N-CDI were more likely to have had
recurrent CDI (P=0·043) and been hospitalized with-
in the 21 days after CDI diagnosis (P=0·011)
(Table 2). Of patients who were receiving an antibiotic
prior to their CDI diagnosis, patients with N-CDI
were more likely to continue their pre-CDI antibiotic
treatment (P=0·042). Patients with CA-CDI were
more likely to receive metronidazole treatment for
CDI (P=0·041). Patients with N-CDI were more
likely to die from any cause within 6 months of their
CDI diagnosis (P<0·001). However, when examining
causes of death, relatively few patients died from CDI
and there were equivalent proportions of CDI-related
deaths between the groups (P>0·05).

In the multivariate analysis, increasing age
[odds ratio (OR) 0·95, 95% confidence interval (CI)
0·94–0·96], increasing CDS (OR 0·85, 95% CI
0·81–0·89), diagnoses of a digestive disorder
(OR 0·46, 95% CI 0·28–0·76) and an intestinal obstruc-
tion (OR 0·21, 95% CI 0·07–0·61), and having had a
householdmember hospitalized prior to CDI diagnosis
(OR 0·11, 95% CI 0·03–0·39) were associated indepen-
dently with a decreased likelihood of contracting
CA-CDI (Table 3). No factors were identified that
were associated independently with an increased likeli-
hood of contracting CA-CDI.

DISCUSSION

In this retrospective analysis of over 1200 patients
diagnosed with CDI in hospitals, medical offices,
SNFs, ALFs, and LTCFs who were treated with an
ambulatory anti-CDI agent, we assessed numerous
patient characteristics and CDI-related risk factors
and compared them between community-associated
and nosocomial CDI in order to provide clinicians
with a more comprehensive understanding of
CA-CDI risks and treatments. We systematically
examined patients’ records in order to determine
more accurately the setting where CDI was acquired.
Our multivariate analysis identified that increasing
age and chronic disease burden, digestive disorders, in-
testinal obstructions, and a recent hospitalization of
a household member are factors independently asso-
ciated with a reduced likelihood of CA-CDI. Given
that CDI predominantly has been thought to be a
nosocomial infection, much of the existing research
and literature reasonably revolves around N-CDI
[1, 2]. However, with the incidence of CA-CDI
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Table 1. Baseline patient characteristics by source of exposure

Characteristic Overall cohort (N=1201) Community acquired (n=914) Nosocomial acquired (n=287) P value

Mean age* (S.D.) 59·2 (18·1) 55·2 (16·8) 71·7 (16·5) <0·001
Female (n, %) 756, 63·0% 598, 65·4% 158, 55·1% 0·002
Race (n, %) 0·298

White 931, 77·5% 706, 77·2% 225, 78·4%
Unknown/unreported 222, 18·5% 167, 18·3% 55, 19·2%
Other 48, 4·0% 41, 4·5% 7, 2·4%

Hispanic (n, %) 89, 7·4% 72, 7·9% 17, 5·9% 0·270
Mean chronic disease score (S.D.) 3·9 (3·9) 3·2 (3·6) 6·4 (3·8) <0·001
Ambulatory comorbidity diagnosis† (n, %)

Peritonitis 9, 0·8% 3, 0·3% 6, 2·1% 0·008
Anal abscess 3, 0·3% 2, 0·2% 1, 0·4% 0·560
Colitis 14, 1·2% 12, 1·3% 2, 0·7% 0·538
Crohn’s disease 4, 0·3% 3, 0·3% 1, 0·4% 0·959
Digestive disorders‡ 101, 8·4% 52, 5·7% 49, 17·1% <0·001
Diverticulitis 89, 7·4% 62, 6·8% 27, 9·4% 0·139
Gastroenteritis 57, 4·8% 46, 5% 11, 3·8% 0·404
Anal fissure/fistula 4, 0·3% 3, 0·3% 1, 0·4% 0·959
Vascular insufficiency 4, 0·3% 1, 0·1% 3, 1·1% 0·045
Intestinal obstruction 20, 1·7% 6, 0·7% 14, 4·9% <0·001
HIV 4, 0·3% 3, 0·3% 1, 0·4% 0·959
End-stage renal disease 6, 0·5% 4, 0·4% 2, 0·7% 0·633

Ambulatory purchase of an antibiotic† (n, %) 674, 56·1% 499, 54·6% 175, 61·0% 0·057
Antibiotic purchased§ (n, %)

Aminoglycoside 9, 1·3% 4, 0·8% 5, 2·9% 0·056
Cephalosporin 95, 14·1% 69, 13·8% 26, 14·9% 0·736
Fluoroquinolone 228, 33·8% 139, 27·9% 89, 50·9% <0·001
Macrolide 46, 6·8% 33, 6·6% 13, 7·4% 0·713
Penicillin 296, 43·9% 254, 50·9% 42, 24·0% <0·001

Mean ambulatory antibiotic length of exposure in days§ (S.D.) 15·2 (14·8) 15·4 (13·6) 14·5 (17·7) 0·123
Median count of ambulatory medical office visits† (IQR) 4 (2–7) 3 (1–7) 5 (3–9) <0·001
Ambulatory medication exposure† (n, %)

Chemotherapy 35, 2·9% 27, 2·3% 8, 2·8% 0·884
Proton pump inhibitor 305, 25·4% 199, 21·8% 106, 36·9% <0·001
Histamine-2 receptor antagonist 98, 8·2% 68, 7·4% 30, 10·5% 0·104
Immunosuppressant 17, 1·4% 14, 1·5% 3, 1·1% 0·778

Ambulatory medication exposure† (n, %)
Steroid 198, 16·5% 135, 14·8% 63, 22·0% 0·004
NSAID 104, 8·7% 79, 8·6% 25, 8·7% 0·972

Patient peripartum† 16, 1·3% 10, 1·1% 6, 2·1% 0·235
Household member hospitalized† (n, %) 21, 1·8% 12, 1·3% 9, 3·1% 0·040
Household member <1 year* (n, %) 39, 3·3% 34, 3·7% 5, 1·7% 0·099
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increasing, it is important to understand the potential
sources of exposure to C. diff in the community [22].

Our study is unique in that we identified a substan-
tially higher percentage of patients with CA-CDI
(76%) vs. N-CDI (24%) in our patient population.
Other studies that have investigated CA-CDI and
N-CDI reported CA-CDI percentages of around
450% [6, 9, 11–13]. Our higher percentage of
CA-CDI patients may be related to the methodology
used to identify CA-CDI where we used both elec-
tronic database queries and manual chart reviews in
our identification process while other studies relied
solely on electronic database queries [6, 9, 11–13]. In
addition, we relied solely on a primary discharge diag-
nosis of CDI for patients diagnosed in the ED, LTCF,
SNF, ALF, or inpatient setting; thus, limiting our
sample to patients with a high probability of an
actual CDI [17–19]. Nevertheless, the high percentage
of CA-CDI patients we identified suggests that
CA-CDI is a growing threat to community health.

Our results confirm that populations not typically
considered at high risk for CDI are contracting CDI
in the community setting [2–4]. While the majority
(56%) of our patients with CDI had been exposed to
antibiotic therapy in the 180 days prior to their CDI
diagnosis date, only 21% of the patients unexposed
to an antibiotic were exposed to a PPI or H2RA.
Overall, our antibiotic, PPI, and H2RA exposure
rates in patients with CA-CDI were similar to those
reported by Chitnis and colleagues (i.e. antibiotic
64%, PPI 28%, H2RA 9%) [15]. Together, these
results suggest that seemingly healthy patients are con-
tracting CDI; including younger patients and those
without histories of recent antibiotic or acid-
suppressing medication use and hospitalization, and
diagnosis of a gastrointestinal condition.

In addition, only small proportions of our patients
with CDI had been exposed to chemotherapeutic,
immunosuppressant, steroidal, or non-steroidal anti-
inflammatory medications. Furthermore, even though
CA-CDI patients weremore likely to have had a house-
hold member aged between 1 and 10 years, relatively
few of our patients with CDI, overall, were exposed to
household children aged410 years. Kuntz and collea-
gues also found similar results where patients with
CA-CDI did not have risk factors normally associated
with CDI infections [9]. Their CA-CDI patients also
were relatively young and 17% of their patients did
not have any previously identified risk factors [9].

As C. diff spores often may be found in water and
retail foods [23], there may be ‘hotspots’ in theT
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community where infection is more prominent. We
found that only a small percentage (5%) of our
patients with CDI were from rural communities,
thus suggesting that exposure to farm animals, such
as cows, horses, and dogs that have been linked to
CDI [23], was limited in our study population.
However, most of our patients with CDI had been
exposed to some ambulatory medical care in the
180 days prior to CDI diagnosis suggesting that
such exposure may predispose patients to CDI [15].
It has been reported that at least 50% of hospitalized
patients are colonized with C. diff as asymptomatic
carriers [1]. Thus, it is possible that CDI may be due
in part to exposure to household members who were
previously hospitalized and shedding spores after
hospital discharge. However, we identified very few
patients with CDI (∼2%) who were exposed to a
household member who had been hospitalized.

In our bivariate analysis, patients with N-CDI
tended to be older, had a higher CDS, and had been
diagnosed with a digestive disorder, vascular insuffi-
ciency, peritonitis and/or an intestinal obstruction. In
addition, we found that patients with N-CDI were
more likely to have had a CDI recurrence, hospitaliza-
tion after CDI diagnosis, and died after CDI diagnosis.
These findings suggest that patients with N-CDI
carried a higher burden of chronic disease and had a
more complex clinical scenario. Our study supports
other investigations that found CA-CDI to be less
severe and more commonly found in females and
younger patients [9, 11]. Patients with N-CDI were
more likely to have purchased a fluoroquinolone anti-
biotic within the 180 days prior to their CDI diagnosis.
In comparison to most penicillin antibiotics, fluoroqui-
nolone antibiotics provide more broad-spectrum

antibacterial coverage; thus, possibly increasing sus-
ceptibility to CDI.

In our multivariate analysis, we identified that for
each additional year of age there was a 5% reduced
likelihood of CA-CDI. In addition, each 1-point
increase in CDS value conferred a 15% reduced likeli-
hood of contracting CA-CDI. Further, we identified
that patients with a diagnosis of digestive order had
a 54%, and patients with an intestinal obstruction
had a 79%, reduced likelihood of contracting
CA-CDI. Similar to our findings, Khanna and collea-
gues in their small, retrospective analysis of a CDI
registry in Minnesota reported that patients with
CA-CDI were more likely to have been younger and
had a lower comorbidity burden than patients with
N-CDI [11]. Conversely, Khanna and colleagues
reported that exposure to an acid-suppression medi-
cation was associated with N-CDI while we did not
find this association [11]. Our results may have dif-
fered from Khanna and colleagues as they combined
all acid-suppressive medications while we looked at
PPIs and H2RAs independently [11]. Despite the
numerous factors that we examined, we identified
few factors that were independently associated with
CA-CDI indicating that CA-CDI and N-CDI are oc-
curring in similar populations. Kuntz and colleagues
in their investigation of outpatient- vs. inpatient-
diagnosed CDI similarly identified few factors that
differentiated the diagnosis setting [12].

In comparison to previous studies, our study evalu-
ated a large cohort that included patients objectively
diagnosed with CDI in both community and health-
care facilities, including hospitals, SNFs, ALFs, and
LTCFs. We examined numerous clinical and socio-
demographic factors including patients’ geographical

Table 2. Outcomes by source of exposure

Characteristic

Overall
cohort
(N=1201)

Community
acquired
(n=914)

Nosocomial
acquired
(n=287) P value

Recurrence of CDI (n, %) 270, 22·5% 193, 21·1% 77, 26·8% 0·043
Pre-CDI diagnosis antibiotic continued after CDI diagnosis* (n, %) 82, 12·2% 53, 10·6% 29, 16·6% 0·042
Hospitalization within 21 days after CDI diagnosis (n, %) 33, 2·8% 19, 2·1% 14, 4·9% 0·011
Ambulatory CDI treatment (n, %) 0·041

Metronidazole 1024, 85·3% 790, 86·4% 234, 81·5%
Vancomycin 177, 14·7% 124, 13·6% 53, 18·5%

Death within 6 months of CDI diagnosis (n, %) 109, 9·1% 33, 3·6% 76, 26·5% <0·001
CDI-related death within 6 months of diagnosis (n, %) 13, 11·9% 3, 9·1% 10, 13·2% 0·751

CDI, Clostridium difficile infection.
* Among patients who received an antibiotic in the 180 days prior to CDI diagnosis date (n=674).
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Table 3. Factors assessed for independent association with
community-acquired CDI infection

Factor OR 95% CI P value

Age at diagnosis 0·95 0·94–0·96 <0·001
Sex

Female 1·33 0·97–1·82 0·080
Male — —

Chronic disease score 0·85 0·81–0·89 <0·001
Digestive disorder diagnosis

Yes 0·46 0·28–0·76 0·002
No — —

Diverticulitis diagnosis
Yes 1·11 0·63–1·94 0·730
No — —

Intestinal obstruction diagnosis
Yes 0·21 0·07–0·61 0·004
No — —

Count of outpatient healthcare exposures 1·02 0·99–1·05 0·290
Ambulatory purchase of an antibiotic

Yes 0·92 0·67–1·28 0·630
No — —

Ambulatory purchase of a proton pump inhibitor
Yes 0·86 0·61–1·22 0·399
No — —

Ambulatory purchase of a histamine-2 receptor antagonist
Yes 1·16 0·69–1·96 0·572
No — —

Ambulatory purchase of a steroid
Yes 1·53 0·96–2·45 0·074
No — —

Prior family hospitalization
Yes 0·11 0·03–0·39 <0·001
No — —

Family member <1 year
Yes 0·49 0·13–1·89 0·299
No — —

Family member 51 and <4 years
Yes 1·58 0·32–7·89 0·577
No — —

Family member 54 and 410 years
Yes 0·56 0·24–1·33 0·188
No — —

Health plan type
Health maintenance organization 0·61 0·29–1·26 0·180
Other — —

Medicaid insurance
Yes 0·71 0·32–1·58 0·399
No — —

OR, Odds ratio; CI, confidence interval.
C statistic=0·817.
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locations and household members’ characteristics.
Our study objectively reviewed CDI cases to enable
us to categorize more accurately patients according
to the setting in which C. diff was most likely
acquired. However, our study did have limitations.
We were unable to identify specific C. diff strains
infecting our patients as our laboratory did not per-
form such analyses. Therefore we were unable to com-
pare strains in N-CDI vs. CA-CDI. While we utilized
all patients with a positive C. diff ambulatory labora-
tory value, we only examined patients with a primary
discharge diagnosis of CDI from the ED, LTCF,
SNF, ALF, and inpatient settings. This may have
limited our sample size of patients with N-CDI but
provided a higher probability of identification of
patients with an actual CDI from these settings. Our
ability to detect factors independently associated
with CA-CDI that had a low prevalence (e.g.
Medicaid status) in our sample was restricted. The
possibility of false-negative/false-positive laboratory
results for CDI exists; however, the PCR test used in
our health system had robust sensitivity, specificity,
positive predictive value, and negative predictive
value. As this was a retrospective evaluation, we did
not interview any study patients and, thus, were un-
able to examine food and animal exposures as poten-
tial risk factors. Nevertheless, we did use geographical
data to identify rural (i.e. as a proxy for farm animal)
exposure. In addition, this study was conducted for
one health plan in one geographical region. Other
health plans/health systems may find different ex-
posure patterns. Furthermore, we were unable to
examine over-the-counter (OTC) medication use (e.g.
antacids) but we did examine prescription acid-
suppression medication use and patient diagnoses for
digestive disorders that included dyspepsia and oeso-
phageal reflux where an OTC medication may be
recommended.

CONCLUSIONS

With an increasing prevalence of CA-CDI in the
USA, there is a heightened need for the investigation
of CA-CDI-related issues. Our study of over 1200
patients with CDI examined numerous possible risk
factors of CA-CDI vs. N-CDI. We found that more
patients contracted CA-CDI than N-CDI and that
the patient group most at risk for CA-CDI was
young, healthy, and had few traditional risk factors,
such as gastrointestinal disorders, compared to
patients with N-CDI. It is important to identify risk

factors so that clinicians can identify patients at risk
for CA-CDI and work with them to prevent CA-
CDI and its associated costs and complications (e.g.
CDI recurrence, hospitalization, colectomies). As we
identified few factors independently associated with
CA-CDI, additional research is needed with larger
populations of patients with CA-CDI and N-CDI
and access to both unconventional and conventional
exposure data to ascertain factors most relevant to
CA-CDI.
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