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ABSTRACT

Clostridium difficileinfection (CDI) is the most common cause of hospital-
acquired infectious diarrhea in the United States. Althdligthfficile is widely-
recognized as a pathogen among hospitalized populations, CDI has emerged in the
community setting and may be under-diagnosed. This study sought to increase
knowledge about the incidence of, risk factors for, and outcomes associated with
community-associated CDI (CA-CDI).

A retrospective nested case-control study was conducted using insuancse cl
data from the Wellmark Data Repository for the time period between January 120003 a
December 31, 2007. Persons with CDI were identified and were classified asiicibyam
associated CDI and hospital-acquired CDI. During this time, 304 cases of CARGD
338 cases of HA-CDI were identified. Within this population, the incidencéaaA-

CDIl was 11.16 cases per 100,000 person-years, whereas the incidence rate for HA-CD
was 12.41 cases per 100,000 person-years.

Conditional logistic regression was utilized to determine the risk for CA-CDI
related to pharmacologic exposures, comorbidity, demographic charateast
healthcare utilization. Prior to controlling for other risk factors and coestideing over
the age of 50 years, gender, history of hospitalization, number of outpatient physician
visits, antimicrobial use, gastric acid suppressant use, underlying comqraidity
diagnosis of gastrointestinal disease (including IBD, diverticular ddas€&SRD) were
associated with the development of CA-CDI. However, after adjustment for al
covariates, increased risk for CA-CDI within this population was consistaesdlyciated
with antimicrobial use, being between the age of 19 and 74 years, and diagnosis of
inflammatory bowel disease. Gastric acid suppressant use was ataskifacnumber

of models, although this association was not consistent. Furthermore, persons who last



received antimicrobials in the previous 150 days and persons who received a greater
number of different antimicrobial agents were at increased risk for BK-C

Antimicrobial use was the primary risk factor for CA-CDI, although 23%ases
did not have prior exposure to antimicrobials. In fact, 17% of CA-CDI cases did not have
any of the traditional risk factors for CDI (i.e., no antimicrobial orrgascid
suppressant exposure, no underlying illness, and no history of hospitalization).
Furthermore, none of the CA-CDI cases underwent surgical procedurestalie to
CA-CDI, although approximately 25% of CA-CDI cases were hospaheith a
diagnosis of CDI.

This research demonstrates that CDI is occurring in the community setting a
populations that were previously not considered to be at risk. In this study, the risk
factors for CA-CDI were similar to those identified in hospitalized populataittsough
it was not uncommon for persons to develop CA-CDI without any of these risk factors.
Furthermore, the characteristics of persons with CA-CDI and the outcomes gnahp
were different than those previously reported among hospital-acquirecaG&4.c
Collectively, this study provides valuable knowledge about the epidemiology of[@A-C

and serves as a foundation for future research.
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ABSTRACT

Clostridium difficileinfection (CDI) is the most common cause of hospital-
acquired infectious diarrhea in the United States. Althdligthfficile is widely-
recognized as a pathogen among hospitalized populations, CDI has emerged in the
community setting and may be under-diagnosed. This study sought to increase
knowledge about the incidence of, risk factors for, and outcomes associated with
community-associated CDI (CA-CDI).

A retrospective nested case-control study was conducted using insuramse cla
data from the Wellmark Data Repository for the time period between January 120003 a
December 31, 2007. Persons with CDI were identified and were classified iasiciyr
associated CDI and hospital-acquired CDI. During this time, 304 cases of CAA@DI
338 cases of HA-CDI were identified. Within this population, the incidenceaa@AX-

CDIl was 11.16 cases per 100,000 person-years, whereas the incidence rate for HA-CDI
was 12.41 cases per 100,000 person-years.

Conditional logistic regression was utilized to determine the risk for CA-CDI
related to pharmacologic exposures, comorbidity, demographic charateast
healthcare utilization. Prior to controlling for other risk factors and covarib&ng over
the age of 50 years, gender, history of hospitalization, number of outpatient physician
visits, antimicrobial use, gastric acid suppressant use, underlying comqraidity
diagnosis of gastrointestinal disease (including IBD, diverticular ddas€&fSRD) were
associated with the development of CA-CDI. However, after adjustment for all
covariates, increased risk for CA-CDI within this population was consistasdlyciated
with antimicrobial use, being between the age of 19 and 74 years, and diagnosis of
inflammatory bowel disease. Gastric acid suppressant use was ataskifacnumber

of models, although this association was not consistent. Furthermore, persons who last



received antimicrobials in the previous 150 days and persons who received a greater
number of different antimicrobial agents were at increased risk for CA-CDI

Antimicrobial use was the primary risk factor for CA-CDI, although 27%eskes
did not have prior exposure to antimicrobials. In fact, 17% of CA-CDI cases did not have
any of the traditional risk factors for CDI (i.e., no antimicrobial orrgascid
suppressant exposure, no underlying illness, and no history of hospitalization).
Furthermore, none of the CA-CDI cases underwent surgical procedures atlaliot
CA-CDI, although approximately 25% of CA-CDI cases were hospithliath a
diagnosis of CDI.

This research demonstrates that CDI is occurring in the community setting and i
populations that were previously not considered to be at risk. In this study, the risk
factors for CA-CDI were similar to those identified in hospitalized populataittsough
it was not uncommon for persons to develop CA-CDI without any of these risk factors.
Furthermore, the characteristics of persons with CA-CDI and the outcomes gnahp
were different than those previously reported among hospital-acquired &3l cas
Collectively, this study provides valuable knowledge about the epidemiology of[@A-C

and serves as a foundation for future research.
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CHAPTER ONE - INTRODUCTION

Overview

The purpose of this study is to descritiestridium difficileinfection (CDI)
within an insured population and to examine the epidemiology of community-associated
C. difficile infection (CA-CDI). This study is one of the first population-based
epidemiologic investigations of CA-CDI, thus the information gained serves as a
foundation for understanding this infection in the community setting, raisingaess
among healthcare providers, and providing the basis for interventions to prevent CA-
CDI. This chapter provides a brief review of the epidemiology of CDI, an overview of
the clinical and public health significance of CDI, and an introduction to current
knowledge about the emergence of CDI in the community setting. This chigpter a
describes the rationale for this study and the significance of the fesealrds results.
The chapter concludes with the specific aims and hypotheses upon which thidrissearc

based.

Clostridium difficileInfection

C. difficileis a gram-positive, spore-forming bacillus that has the potential to
infect humans and cause gastrointestinal disease. Persons can beraayicgilp
colonized withC. difficile, although when infection does occur, disease can range from
acute, watery diarrhea to severe, fulminant disease potentially requirgigesu
intervention or resulting in death.

C. difficile was first reported as a cause of infectious diarrhea in the late 1970s (1,
2) and has since become the most common cause of hospital-acquired infectious diarrhe
in the United States. Subsequently, numerous investigations have studied CDI in the
healthcare environment. Nosocomial risk factors are well-established &ndkipcior
antimicrobial use, advanced age, and multiple underlying medical conditions. Despite

research efforts and the development of infection prevention and control interventions



researchers and clinicians have reported increases in the incidence aityl cetves

infection in recent years.

Clinical and Public Health Significance

Hospital-acquired CDI (HA-CDI) is a significant burden on the healthcare
system, with over 300,000 hospital discharges listing a primary or secondary diagfnosi
C. difficile infection in 2005 alone (3). Furthermore, hospitalizations due to CDI in the
Nationwide Inpatient Sample (NIS) increased by 109% in the decade from 1993 to 2003
(4). During this time, the colectomy rate also increased from 1.2 to 3.4 colecfmnies
1000 discharges, while the case-fatality rate rose from 7.84% to 9.26%, sugthesting
CDI became more severe over this time period (4). An additional study ckpuate
between 2000 to 2005, adult CDI hospitalizations doubled from 5.5 cases per 10,000
population to 11.2 cases per 10,000 population (5).

Increasing numbers of cases, as well as severe outcomes such as surgical
intervention or death, are also contributing to increased healthcare coststivabjiein
the United States, the cost of healthcare associated with CDI has heettegsto range
from $1.1 to 3.4 billion dollars per year (6, 7). These healthcare costs are afresult
treatment costs, length of stay and healthcare resource utilizationcaneme or

relapsing infection.

Emergence oflostridium difficileInfection in the

Community and in Low-risk Populations

AlthoughC. difficile is widely-recognized as a pathogen among hospitalized
populations, CDI has emerged in the community setting and may be under-diagnosed.
Sporadic reports of CA-CDI date back to the late 1970s and early 1980s. However, in
recent years, members of the infection prevention and medical communviges ha

reported cases of CA-CDI more frequently than in the past.



These reports have generated interest in CA-CDI, although little cedeas been
conducted to determine the epidemiology of CDI in the community setting. Early
estimates of CA-CDI incidence rates in the U.S. ranged from 7 casesagd®per
100,000 person-years. However, these reports were published in the mid-1990s before
increases in CA-CDI incidence (8, 9). Recently, the Centers for Ris&astrol and
Prevention (CDC) reported incidence rates of approximately 7 cases0p@d@0
population in two separate populations. These studies used voluntary reporting in limited
geographic areas over short periods of time (10, 11). In addition, few studies have
evaluated the risk factors for or the outcomes of CA-CDI. CDI previouslyr ezt
among patients with previous exposures to healthcare and antimicrobials,sMdBiea
now occurring among people in the community who were thought to be at low risk. Thus,
community-associated casesfdifficile may have different risk factors than those
previously identified in hospitalized populations. Prior research has suggested that
patients with CA-CDI may be younger, have fewer comorbid conditions and less

exposure to medications and healthcare settings than patients with HA-CDI (12).

Rationale for Study

The incidence of CDI is increasing within the hospital setting, and recent reports
suggest that a similar phenomenon may be occurring in the general, non-tzespitali
population. Although researchers have recently started to study CA-CDJ, man
knowledge gaps persist and the available research has substangaiblimsitThis study
aimed to address these gaps and limitations.

The first case of community-acquired CDI in the United States was rdporte
1994. However, the incidence of CDI in the general, non-hospitalized population has not
been well-documented, with only four publications providing estimates. Thesatestim
vary widely, are primarily based on populations outside of the United States, and were

provided before the incidence and severity of CDI increased. Furthermae, the



estimates do not provide enough information to determine whether CA-CDI rates are
currently increasing or the extent to which these rates may be ing@asne
ambulatory care setting and in the community. Barriers to determiningdidemce of
CDlI in the general, non-hospitalized population include a lack of an active national
surveillance system for CDI in the United States and the lack of a widetyptad case
definition. Additionally, the perceived confinement of CDI to hospitalized patands
persons with traditional risk factors has meant that surveillance anditpnactice have
primarily focused on these populations and preventive interventions have relied on
hospital infrastructure. In contrast, little is known about the risk factoespalogy of
CA-CDI. Therefore, clinicians may be less likely to consider or reco@iXdan
populations who may not have traditional risk factors and the public health and medical
communities can do little to prevent these infections.

This study aims to increase the information about the incidence of, risksfac
for, and outcomes associated with CA-CDI. This study will be one of thedfirst t
comprehensively examine the epidemiology of CA-CDI, thus the results wosider
knowledge that has the potential to increase clinician, public health, and patient
awareness of this infection in the community setting. In addition, the idettificz
CA-CDI cases may encourage clinicians to consider CDI as a diagmpsisents
presenting with diarrhea who may not have traditional risk factors. Thksre$ this
study will also provide knowledge that can be used to design clinical interversumhs
as the implementation of appropriate prescribing and infection preventioomtndl c
practices, to reduce the potential for spread of CDI in the community. Fithed\study
provides a foundation for additional CA-CDI research.

Currently, surveillance systems do not track CA-CDI, thus alternatesdatees
are vital to determining the burden of this infection and to conducting research. The
Wellmark Data Repository (Data Repository) provides a unique opportunity to addres

the specific aims of this study. The stable, longitudinal enrollment of loamhSouth



Dakotans for up to five years allowed us to examine the incidence of community-
associated CDI in this population over time. In addition, medical, institutional, and
pharmacy claims data provide the opportunity to examine risk factors (i.ecatieali

use and comorbidity) for CA-CDI and outcomes (i.e., subsequent hospitalization)eof thes

infections.

Research Specific Aims

Aim 1: To apply case definitions for community-associated and hospital-acquired
difficile infection in an insured population over the period from 2004 to 2007. To provide
incidence rate estimates for the study period and descriptive ssdfistzases of
community-associated and hospital-acquiCediifficile infection.

HypothesisCA-CDI and HA-CDI have occurred in this study population.

Cases can be identified and characterized in this population for the time

period from 2004 to 2007.

Aim 2: To identify patient-related risk factors for CA-CDI in an insuregypation.
HypothesesThe acquisition of CA-CDI is associated with patient
characteristics, underlying health status, and medication use. Increased
risk for CA-CDI infection is associated with exposure to antimicrobial
agents and gastric acid suppressants. Increased risk for CA-CDI occurs
following more recent receipt of antimicrobials and following exposure to
multiple antimicrobial agents. Increased risk for CA-CDl is also
associated with greater underlying comorbidity, the presence of
underlying gastrointestinal disease, and prior hospitalizations. In addition,
although this infection usually occurs in younger persons than HA-CDI

does, the risk for CA-CDI increases as age increases. Prior observations of



risk related to antimotility agents are a result of reverse causalitythiaus

use of these medications is not a true risk factor for CA-CDI.

Aim 3: To describe adverse health outcomes of CA-CDI and to explore potesktial
factors for these outcomes in persons with CA-CDI.
HypothesesCA-CDI causes negative health outcomes such as surgical
intervention and subsequent hospitalization. These outcomes are related to
older age, comorbidity, and the use of antimotility agents following

diagnosis.



CHAPTER TWO - REVIEW OF THE SCIENTIFIC LITERATURE

Overview
This chapter serves as a comprehensive review of the epidemiology of
Clostridium difficile The chapter begins with an introductiorCtodifficile including its
history and clinical features of infection, a discussion of existing researdtan
overview of the clinical and public health significance of this infection. This ehajgo
examines the emergence of CDI in populations previously considered low-risk and
discusses what is currently known about the epidemiology of CA-CDI. FinaBy, thi

chapter presents gaps in knowledge and introduces how this study will address these

gaps.

Clostridium difficile

C. difficile is an anaerobic, gram-positive spore-forming bacillus. This bacterium
has the potential to produce a spectrum of clinical iliness, ranging from asyatigtom

colonization to pseudomembranous colitis with severe diarrhea (3).

History of Clostridium difficile

C. difficile was first identified in 1935 (13, 14). At that ting, difficile was
found to be a part of the normal bacterial colonic flora in newborns and was subsequently
shown to produce a toxin that was lethal in mice, although it was not linked to clinical
disease in humans (14). In addition, clinicians had observed pseudomembranous changes
in the intestinal tract, which are characterized as inflammation of the aotbwhite or
yellow plaques consisting of white blood cells and inflammatory debris. Subskgquent
called pseudomembranous colitis (PMC), these findings were generaligieraasto be
a complication of colonic, pelvic, or gastric surgeries (14) . Following the intlioduaf
antimicrobials in the 1950s, most felt that pseudomembrane formation and antibiotic use

were associated, although most dee®&ghylococcus aurews Candida albicansas



the causative organisms. Forty years later, in 1974, Tedesco et al. published afre
high rates of PMC among patients at Barnes Hospital who were receividgroi/cin
(14, 15). Stool cultures of these patients were negative. faureussuggesting that this
‘clindamycin-associated colitis’ might be related to other pathogemthdt investigation
revealed tha€C. difficile toxin was present within the Barnes Hospital population and in
other available stool specimens from patients with diarrheal disease of unkinmogyet
A few years later, Bartlett et al. proved that colitis induced by clindemydhamsters
was indeed caused B difficile, while Larson et al. showed that difficile cytotoxin
was present in the stools of patients with histologically-confirmed pseudouaonisr
colitis (1, 2). Since the late 197@3, difficile has become the most common cause of
hospital-acquired infectious diarrhea and has been recognized as a sigo#icsndf

morbidity and mortality.

Pathogenesis @@lostridium difficileInfection

One to three percent of healthy adults h@véifficile as a normal component of
their colonic flora, although carriage rates of 15-25% have been reported in peitbons
recent healthcare exposure (16-19). In contrast, the asymptomatic ceateamehealthy
newborn infants up to 12-18 months of age is 60-70%; this carrier state generally ends
between 18 and 24 months of age when adult microflora develops (20-22).

C. difficile spores are transmitted from person to person via the fecal-oral route.
Individual persons acquire this bacterium by ingesting either the vegdtativefC.
difficile or C. difficile spores (i.e., the non-vegetative form). The vegetative foith of
difficile is killed at normal gastric pH (defined as a pH < 4.0), wheCedasfficile spores
may survive exposure to acid in the stomach (23). Spores that do pass through the
stomach germinate to their vegetative form in the small intestine. Indigealmunsc
flora is the first line of defense against colonization by pathogens s@hdé§cile.

This “colonization resistance” can be disrupted by antimicrobial drugsy ather



medications (i.e., chemotherapy drugs), iliness, or surgical procedures.sFaidn
allowsC. difficile to colonize the intestinal tract, reproduce, and cause clinical disease
(24).

The virulence of the infecting strain and the host’s immune response determine
whether a person develops clinical disease and also determines thy sédeseaseC.
difficile virulence factors include toxin production, sporulation, surface layer proteins and
adherence. The primary virulence factoCofdifficile is its ability to produce and release
two toxins: Toxin A and Toxin B. Both toxins are cytotoxic and both stimulate
production of tumor necrosis factor and pro-inflammatory interleukins that tredigc
result in inflammation and increased vascular permeability in the colon, taseeled
accumulation of neutrophils, and pseudomembrane formation (25). The resulting clinica
disease is characterized by colitis and watery diarrhea, with theipbtentever,
cramping and dehydration, and leukocytosis. Investigators have believduethatins
work in tandem with each other, although recent research using hamster models
suggested that Toxin A may play a more critical role in the pathogef&siglifficile
diarrheal disease than Toxin B, because Toxin A has been shown to be more closely
associated with tissue damage and fluid accumulation (26, 27). These models also
suggest that Toxin B may contribute to disease only after Toxin A has damaged the
gastrointestinal wall. However, researchers have also observedtiieatogie of the two
toxins alone can cause disease (26, 28, 29).

SomeC. difficile strains do not produce toxins and do not cause disease, although
manyC. difficile strains are toxigenic and can cause disease. These toxigaims BtDst
often produce both Toxin A and Toxin B, although 2-5% produce only Toxin B. Some
strains also release a binary toxin (also known as CDT) that is unrel&iéaetoT oxin A
or Toxin B. Binary toxin alone does not appear to cause disease; although one study

found that patients infected with strains producing binary toxin reported more abdominal
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pain and longer duration of diarrhea (30). Further research is needed to determine the
effect of binary toxin on human disease.

The rate ofC. difficile sporulation is an important virulence factor. Saine
difficile strains, including the recent BI/NAP1 ‘epidemic’ strain, produce more spores
than others (31). This ‘hyper-sporulation’, in addition to the ability of spores to sumvive
the environment, propagates the spread.dfifficile from person-to-person. Preliminary
investigations have suggested that surface layer proteins also contrithge/itolence
of C. difficile. These proteins allo@. difficile to adhere to the gut mucosa and they can
induce an immune response in hosts. Different strai@s difficile exhibit different
proteins; therefore, differences in these proteins may alter a parstaa’s ability to
adhere to intestinal epithelial cells (32-35).

Virulence of the infecting strain is being recognized as an increasmpbyrtant
factor in the development and severityfdifficile infection. Since 2000, a new highly
virulent strain has caused outbreaks in healthcare facilities and has spoesscize
United States, Canada, and Europe. Mortality rates in outbreaks caused byithis stra
have been 3-times higher than in outbreaks caused by less virulent stre8@3. (36-
Although the strain was initially isolated in the 1980s and named Bl, it is currently
referred to in North America as North American Pulsed Field type 1 (NARILPER
ribotype 027 (i.e., BI/NAP1/027) or the BI/NAP1 strain. The BI/NAPL1 strain is
characterized by higher levels of toxin production, fluoroquinolone resistance, and the
production of binary toxin. A deletion mutation in a toxin-inhibitory gene allows this
strain to produce 10 times more toxin than produced by other strains, which results in
increased colonic tissue injury and inflammation (38, 39). Because this stiesrstamt
to fluoroquinolone drugs, it flourishes in healthcare facilities where fluoroqunealse
is common. This strain also produces binary toxin, which has enterotoxic activity,

although its role in disease causation is currently unknown (40, 41).
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Finally, host immune response influences the clinical expressiondifficile
infection. Human immune responseQodifficile seems to develop in infancy; infants
who carryC. difficile develop antibodies to Toxin A and to Toxin B. In adults, high titers
of serum immunoglobulin G (IgG) against Toxin A promote the development of an
asymptomatic carrier state rather than infection (42). When infection do@s persons
with high antibody concentrations tend to have shorter durations of illness andless r
recurrence than persons who lack these antibodies. In fact, individuals without prompt
development of these antibodies to Toxin A are more likely to experience more seve

symptoms and have an increased risk for recurrence of CDI (43, 44).

Clinical Presentation dflostridium difficileInfection

The clinical presentation of CDI ranges from asymptomatic colonization to
pseudomembranous colitis with severe diarrhea (3). Glildifficile disease typically
presents as acute watery diarrhea, occurring up to but most often less thanl10 bowe
movements per day. These patients usually do not have systemic symptoms, although
colonic inflammation can typically be identified by endoscopy or computed tapiogr
(CT) scan. Patients with severe cases of CDI can present witlyw&gahea, occurring
up to 15-20 times per day. Severe disease is typically accompanied with lowerratddom
pain and cramping, fevers, and marked increases in white blood cell counts. Fulinant
difficile colitis (i.e., sudden and severe colitis) occurs in approximately 3-8% of cases
(45-47). Patients with fulminant disease may experience systemic catigpiggsuch as
nausea, vomiting, dehydration, lethargy, or tachycardia (24, 48). Hospitalizextpaiti
increased risk for fulminant colitis include those with leukocytosis, recemtsarrgical
therapy, a history of inflammatory bowel disease (IBD), immunosuppressiorsianyhi
of successfully treated CDI (49, 50) .

The most severe cases of CDI may progress to toxic megacolon or palelgi

These conditions may prevent passage of stool; therefore, if cliniciangahe
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suspicious of CDI, they must recognize that patients with severe diseapeasayt

without diarrhea. Toxic megacolon is diagnosed based on the findings of a dilated colon,
accompanied by signs and symptoms of severe toxicity (i.e., fever, chiNsirdebn,

high white count) (51). Less commonly, cases can proceed to colonic perforation or
death. Individuals with colonic perforation may present with signs such as abdominal

rigidity, involuntary guarding, rebound tenderness, and reduced bowel sounds (51).

Diagnosis ofClostridium difficileInfection

Clinicians diagnose CDI by recognizing clinical symptoms and confirming the
diagnosis with microbiological methods. Clinicians should consider CDI iopesith
prolonged periods of watery diarrhea, especially in patients who have received
antimicrobial therapy. In addition, only watery or loose stools should be tested for
difficile because the rate of asymptomatic colonization is relatively high; therefo
testing in persons who do not have diarrheal symptoms may identify patients who are
colonized but not infected (52).

Diagnosis of CDI is generally based on the detection of Toxins A and/or B in
stool filtrates. Routine laboratory tests for CDI diagnosis include a cytchssay for
Toxin B, a rapid enzyme immunoassay (EIA), a latex agglutinationotelstect bacterial
antigen, and anaerobic stool culture. Of the potential diagnostic metho@s difiécile
cytotoxin assay is considered the “gold standard” (53). This assay dhtecudlt
cytotoxicity of Toxin B in fecal specimens, although it also has the capadilgtect
Toxin A if specific methods are used. Following identificatiorCofifficile toxin, C.
difficile is confirmed as the cause of infection by the neutralization of the cytotosat eff
by antitoxin antibodies. The cytotoxicity assay has a sensitivity and isgg@f 98%
and 99%, respectively, as compared with diagnosis based on clinical and laboratory
criteria (54). Despite its advantages, the cytotoxin assay has aelgl&ing turnaround

time due to the technical demands of the lab procedures.
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Rapid enzyme immunoassays involve the immunological detectiGnadifficile
toxins in stool, and a number of commercial toxin detection kits are available.Kitsese
are used in routine laboratory diagnosis, have sensitivities ranging from 80% targ0%
detect Toxin A, Toxin B, or both toxins. The kits have unacceptably low positive
predictive values (PPV), as low as 50% in some cases, despite negative predistise va
greater than 95% (55). Low positive predictive value presents a problem in settiegs
the prevalence of disease is low such as in the community. Since positiatiyeadilue
is influenced by prevalence of disease, PPV will be lower and false-posiivies will
be more likely in low-prevalence settings than in high-prevalence settimijss case,
false-positive results would result in unnecessary treatment for CDlidwilly, most
laboratories currently use kits that test only for Toxin A, which meanshiatp not
detect strains which produce Toxin B but do not produce Toxin A. This practice is
beginning to change as manufacturers are increasing the availabKity which test for
both toxins.

Latex agglutination testing can detect the presence of a common clostridial
protein, glutamate hydrogenase, in stool samples. This test is rapid althcagisitaity
and specificity are not adequate for reliably diagnosing CDI (56). Addityomablecular
methods that detect genes coding for Toxin B are being developed as a detetttanh me
that could provide results in a rapid and sensitive manner. However, these methods could
identify strains that do not produce toxin, and, hence, are carried asymptomatically

Anaerobic stool culture is the most sensitive tesCladifficile, although the stool
culture has low specificity primarily related to the high prevalen@swyiptomatic
carriage, especially among hospitalized patients. To counteract thismpyatdel culture
can be supplemented by cytotoxic assay testing to detelifficile toxins in the stool, as
opposed to the stool culture which simply detec@nglifficile strains that have the

capacity to produce toxin. In practice, stool culture is seldom used for diabeoaisse
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results are not available for 24-48 hours. However, cultures must be done if molecular
typing of C. difficile isolateds necessary (57).

Abdominal imaging, such as CT scans, may be utilized to detect the presence of
mucosal edema, although these changes are not specific to CDI. Direckzsisualbf
the colonic mucosa with sigmoidoscopy or colonoscopy allows clinicians tafydent
pseudomembranes which appear as white or yellow plaques which are |alissigra
to the mucosal surface. These pseudomembranes are made of immune cedis, cellul
debris, and mucin (58). Clinicians must be aware that the absence of pseudomembranes
does not necessarily exclude CDI as a diagnosis; therefore, further diatgsisig
should be considered if CDI is suspected. In addition, endoscopy may be contradndicate
in patients who have fulminant colitis, since the procedure increases riskdoiccol

perforation.

Treatment ofClostridium difficileInfection

A number of effective treatment options for CDI exist, although research is
ongoing to increase these options, especially for the most severe caBds of C
Antimicrobial treatment is typically required for initial CDI episodeswever, clinicians
must choose the initial treatment regimen based on disease saudrjgtient
characteristics. Mild infection in younger patients may subside failpeiscontinuation
of the offending antimicrobial therapy and supportive care such as the provisionlsf flui
may be effective (15, 24). Moderate to severe infections and infections ngaaralder
patients or those with comorbid conditions must be treated with antimicrolhalsnost
severe infections that do not respond to antimicrobial therapy must be treated with
surgical interventions, although additional non-surgical treatments arattybeing
developed and tested for patients with severe CDI.

The current treatment guidelines for an initial cas€.difficile infection include

the discontinuation of the inciting antimicrobial agents and treatment with eithe
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metronidazole or oral vancomycin for 10 to 14 days (59, 60). Oral vancomycin is the
only agent approved by the U.S. Food and Drug Administration (FDA) for the trgatme
of CDI, although metronidazole is usually prescribed as initial treat&8htin clinical
practice, oral vancomycin therapy has typically been reserved fanaeaof pregnant
women and for treatment of more severe or recurrent CDI, although cliniadns a
researchers are debating whether metronidazole or vancomycin should betizdlgd ini
A review of controlled trials of CDI therapy conducted prior to 2000 found failtes ra
for metronidazole and oral vancomycin therapy of 2.5% and 3.5%, respectively (61).
Since these trials were conducted, the epidemic str&in difficile was identified and
investigators have observed failure rates as high as 18.2% for metroniti@zajey (62-
64). Pepin et al. noted that, after adjustment for risk factors, patients irgiahy
vancomycin were 79% less likely to progress to severe disease than patiediis i
treated with metronidazole (OR: 0.2; 95% CI: 0.06,0.8) (65). Zar et al. conducted a
prospective, randomized controlled trial and found that cure rates for patigntaild
infection were 98% for vancomycin and 90% for metronidazole. In contrast, vanocomyc
was significantly more effective than metronidazole for the treatofesgvere CDI (97%
versus 76%, p=0.02) (66). At the present time, metronidazole has remained theefirst-|
agent because it is less expensive than oral vancomycin and because oral e@ncomy
may increase the current burden of antimicrobial-associated infectens@ncomycin-
resistant enterococci) in hospitals and the community.

Treatment strategies for multiple recurrences of CDI are not sthneld and
have not been widely researched. First recurrences (i.e., second ocofrerfiection)
are typically treated with the agent used to treat an initial infectiaginiR@s including
tapering or pulsed administration of oral vancomycin have been shown to derslease r
for recurrence, as compared with other methods of administering vancomycin or
metronidazole (67). Results from studies of probiotics have been inconarstethiese

agents should not be used as therapy for active infection (68).



16

In addition to metronidazole and oral vancomycin, a number of potential therapies
have been effective in randomized comparative trials of CDI treatment or argainde
clinical research to determine their utility in the treatment of CDd@anin is similar
to vancomycin in mode of action and antibacterial activity although this drug is not
approved for use in the United States. Nitazoxanide, a synthetic antiparasitic a
antimicrobial, is comparable in efficacy to metronidazole and vancomycin in vitro and
clinically, although this drug is not approved by the FDA for the treatme@Db{69-

71). The efficacy of Ramoplanin is similar to that of vancomycin forrdegment of

patients with mild-to-moderate CDI, and this antimicrobial is actieensgS. aureusand
vancomycin-resistant enterococci (22). Rifaximim is a good candidateyheraCDI

patients requiring prolonged treatment. This antimicrobial appears todseceftis for

initial and recurrent infection, although resist@nifficile strains are already appearing,
which may limit its long-term and widespread use (72-75). Rifampin has beerdsasdie
both a stand-alone treatment and in combination with metronidazole. However, a recent
study suggested that mortality rates may be higher for patientstuei#tiea rifampin-
metronidazole combination than for patients treated with metronidazole alone (76).

Patients who do not mount an immune response are at higher risk of acquiring
CDI than are patients who do mount an immune response, suggesting that antibody
againstC. difficile toxins may protect persons from CDI. Initially, monoclonal antibodies
were shown to induce immunity in mice, and antibodies against Toxin A and Toxin B
prevented morbidity and mortality in hamsters (77, 78). Recently, a randomized, double-
blind, placebo-controlled study found that monoclonal antibodies administered during
antimicrobial therapy significantly decreased recurrence of €®lrecurrence rate in
monoclonal antibody groups versus 25% in placebo group). Similar reductions in
recurrence were observed among persons with the BI/NAP1 ‘epidemic’ strain (79)
Intraveneous immunoglobulin (IVIG), which is pooled from human serum and contains

antibodies again<t. difficile toxins, has also been used for the induction of passive
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immunity (80). Research studies of IVIG have reported inconsistents,gsuiging from

no benefit to favorable outcomes (81, 82). Finally, a vaccine containing inactivated

Toxins A and B is being tested in healthy volunteers who seem to tolerate theevacci
well. In this trial, three patients with chronic, recurrent infection did not haveegjuent

relapse following vaccination (83, 84).

Restoration of the normal bacterial colonic flora may also prevent eaturr
infection; therefore, healthcare providers have started to recogniegibterapies as an
option. Bacteriotherapy treatments include the administration of a non#iax{ge
difficile strain to “fill” the niche in the colonic flora that would otherwise allow toxigeni
strains to colonize and grow. This may be accomplished by the administrati@itirate
of feces from a healthy human donor through a nasogastric tube or a colonosgope (i.e
fecal reconstitution) (85, 86). In case series, fecal reconstitution hagtbeetive in
preventing recurrence after 90 days (86). This treatment option is thought todbieesffe
because it re-establishes healthy, normal colonic flora. Additionally yitd®erease the
use of additional antimicrobials, thus reducing the potential for antimicnasestantC.
difficile strains and drug-related costs of recurrent infection. Despite theséd)ehef

use of this procedure has not been widely accepted by patients for agstsstits.

Epidemioloqgy ofClostridium difficileInfection

C. difficile infection has historically been considered an infection related to
exposures to healthcare settings, although this appears to be changimgyjdiiity of
epidemiologicC. difficile research has been conducted in the hospital setting and a
number of risk factors for HA-CDI have been identified, with evidence beinggstrdor
some than for others. The most common risk factors are: antimicrobial use; adagace
(i.e., 65 years of age or older); underlying comorbidity; use of gastdsappressants,
particularly proton pump inhibitor use; underlying comorbidity; and duration of hospital

stay, especially prolonged length of stay (87-90). Less common risksfaottuwde
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laxative use; treatment with antineoplastic chemotherapy; renal misoffy or failure;
gastrointestinal surgical procedures; and, nasogastric intubation. Dasgilethora of
potential risk factors, it is generally thought that patients at partigekafor CDlare

those who are exposed to antimicrobials, patients of advanced age, and patients with
multiple underlying conditions; all of which are characteristics of hdsath

populations (18, 91-94). Few studies have been conducted to identify risk factors for CDI
in the community-setting; therefore, it is unknown if or to what extent the risk factor

epidemiology of HA-CDI applies to CA-CDI.

Antimicrobial Use

Antimicrobial use is generally considered to be the primary risk fact@Ddr
Essentially, antimicrobials kill the normal bacterial colonic floralevtreating harmful
bacterial infections, thus allowir@. difficile to grow without competition and to cause
serious disease. More specifically, the normal adult colon contains apprdyiftife
bacteria per gram of contents, with the majority of these bacteria beiggtebli
anaerobes (95). The amount and diversity of these bacterial microfloracioidheare an
important host defense agaistdifficile and other gastrointestinal pathogens (95, 96).
Antimicrobial use reduces both the amount and diversity of colonic microflora, with
these changes typically lasting for approximately two weeks after coompte therapy.

All antimicrobials have been associated with CDI; however, the risk is
particularly high with certain antimicrobials including clindamycin, cepdadoins,
penicillins, and most recently, fluoroquinolones (97, 98). The associations between
particular antimicrobials an@. difficile seem to have evolved along with antimicrobial
prescribing practices, although biologically plausible reasons for #ssseiations
include the effect of antimicrobials on the colonic microflora, diffeesrin anaerobic
activity among drugs and the emergence of antimicrobial resistéamaegC. difficile

strains. First, antimicrobials that are active agdihdlifficile and other anaerobic
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organisms may decrease both the riskXodifficile colonization and infection during
their use (e.g., piperacillin-tazobactam), whereas agents which lagtobitaactivity
againstC. difficile and disrupt the normal colonic flora may increase the risk for CDI
(e.g., trimethoprim-sulfamethoxazole) (99). Second, antimicrobial-resGtatifficile
strains have been associated with a number of outbreaks (98). In turn, it has been
suggested that some of the lower-risk antimicrobials (e.g., piperdeiabactam and
tigecycline) may stimulate less toxin productiontydifficile than other higher-risk
antimicrobials (100). In addition, beta-lactamase antimicrobials may rastsoeiated as
strongly with CDI since they inhibit activity of mai® difficile strains during treatment
(101).

Clindamycin was the first antimicrobial to be associated with pseudomembranous
colitis in the early 1970s, when the disease was referred to as ‘clindamycoed
colitis’. In 1977, researchers discovered that this ‘clindamycin-inducedstolds
actually attributable t€. difficile. In the 1970s and 1980s, clindamycin was used
extensively for treating infections caused by anaerobic organisms aag¢niswas
implicated in outbreaks in which the predominant strai@.difficile was found be
highly resistant to clindamycin (102). The relationship between clindamycin@hd C
was confirmed in hamster models, which allowed investigators to demortsatteis
antimicrobial disrupts normal colonic flora for a longer duration than other
antimicrobials, thus providing greater opportunity @difficile to colonize and infect
patients (103). Clindamycin use in hospitals subsequently decreased, resulting in the
reduction of outbreaks and decreased clindamycin resistance @ndiificile strains.

Cephalosporins such as cefuroxime, ceftazidime, cefotaxime, and ceftriaxone
were introduced and widely-prescribed in the United States in the 1980s and 1990s, at
which time a link between CDI and these antimicrobials became appanenstualy
showed that CDI occurred 40 times more often following cephalosporin use than

following use of narrow-spectrum penicillins (104). In fact, many studies $tamen
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that cephalosporin use is strongly associated with outbreaks and have suggesstd that
for CDl is higher after the use of these drugs than after the use of oth@cetials.
Furthermore, it has been shown that institutional CDI rates decreasegimgjlreductions

in cephalosporin use (13, 37, 98, 105-108). In recent y€adsfficile has become
universally resistant to most cephalosporins (108).

Penicillins, including broad-spectrum agents, have been frequently associate
with elevated risk for CDI, in both hospitalized populations and in the community (8,
102, 109). For example, aminopenicillins, such as ampicillin and amoxicillin, have been
associated with CDI since the first appearance of this infection. Onefetutt that 109
of the 329 CDI cases occurred following use of ampicillin or amoxicillin (110, 141). |
addition, aminopenicillins can lead to CDI despite the fact that most straithsldficile
are susceptible to these antimicrobials (112).

When introduced in the 1980s, the fluoroquinolone antimicrobial class was
considered to have low-risk for development of CDI. Since then, additional
fluoroquinolones including gatifloxacin, gemifloxacin, levofloxacin, moxifloraend
ofloxacin have been introduced and fluoroquinolones have become the most widely-
prescribed antimicrobial class among adults (113). Recently, this ambial class has
been associated with outbreaks of CDI and fluoroquinolones have been shown to increase
risk for CDI. This increased risk is related to poor in vitro activity ag&insiifficile and
differences in their effects on intestinal flora compared with othigmérobials (37,

114, 115). One of the most influential studies suggesting the association between
fluoroquinolones and CDI outlined the response to an outbreak in Quebec, Canada which
was notable for the severity of disease and for a high mortality rate. gatessi

determined that the BI/NAP1 strain, which is fluoroquinolone-resistant, was rédpons

for this outbreak. Prior to development@fdifficile, case patients received

fluoroquinolones at four-time higher rates than control patients. In particula

ciprofloxacin, gatifloxacin and moxifloxacin were significantly asatexl with CDI (37).
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Levofloxacin was not associated with CDI in this outbreak (37), although a number of
subsequent studies have reported increased risk related to its use and increkesexinc
of CDI following formulary changes in which levofloxacin use increased (98, 114).

Researchers have also reported that persons receiving multiple antiaiscroay
be more likely to develop CDI, with risk increasing as the number of antibiats
received increases (109, 116-120) . In fact, among patients at a Veterans’ Shatom
hospital, the risk for CDI increased for each additional antimicrobial whishutiezed,
even after adjustment for other antimicrobial use and comorbidity (OR: 1.4; 95% ClI,
1.1,1.7) (121). Similarly, a study by Changela et al. found that all antimiccdassles
were significantly associated with CDI, although this study was modiledta the fact
that multiple antimicrobials were prescribed concurrently; thezefowas difficult to
distinguish independent risk for particular antimicrobials (122).

Extended periods of antimicrobial use have been associated with increased risk of
CDl, although CDI has also occurred after short durations, such as afterdsisgk of
prophylactic antimicrobials prior to surgical procedures (114, 123-125). Prolonged
antimicrobial therapy probably increases risk for CDI by extending themnodtime a
patient is susceptible t©. difficile acquisition and to development of disease. A study of
outpatients with cancer found that risk increased for each additional day ofytiéttap
either clindamycin or third-generation cephalosporins (126).

Researchers have also assessed the at-risk period after antahitretzipy. CDI
symptom onset has occurred in cases immediately after the initiatioarapy, as well
as several weeks after completion of therapy (19, 127, 128). In a small stog am
outpatients with cancer, 85% of patients with CDI had received antimitsebtain 60
days of diagnosis, with a median of 16.5 days from completion of therapy to CDI
diagnosis (126). Among general practice patients, the highest risk foscCrred
within 30 days after the start of antimicrobial therapy, with significactedeses after 45

days and a return to baseline risk occurring within 80 days (129). Finally, se@udrass
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have reported CDI among persons with no exposure to antimicrobial agents, gspeciall
among persons with CA-CDI (129, 130).

Antimicrobial use is considered to be the primary risk factor for CDI, although
many guestions about their relationship with CDI remain. Little is known aliwether
specific antimicrobials are related to CDI in both the hospital and communitgsett
especially since prescribing patterns vary between these environineaddition, there
is not a clear consensus among researchers and clinicians in regard tooheddidi@rs
related to increased risk for CDI, such as the amount and duration of antimiose&s
prescribed by clinicians. . Moreover, the time period in which persons ardasthigsk

for CDI following antimicrobial use has not been defined precisely.

Gastric Acid Suppressant Use

Gastric acid suppressants such as proton-pump inhibitors (PPIs) and histamine-2
receptor antagonists (H2-antagonists) are widely-prescribed iartigs United States.
Specifically, proton pump inhibitors include omeprazole (Prilosec), lansoprazole
(Prevacid), rabeprazole (Aciphex), pantoprazole (Protonix), esomeprazesierl, and
Zegerid (a rapid release form of omeprazole). Histamine-2 receptor astagooiude
cimetidine, ranitidine, famotidine, and nizatidine.

The biologic mechanism by which gastric acid suppressants could indséase r
for CDI is not completely understood, although it is hypothesized that assosiati
between these drugs and CDI might be related to their impact on gastitig. &inceC.
difficile spores are acquired through ingestion, gastric acidity may serve as a nag-specif
mechanism protecting patients agai@stifficile and subsequent infection. Gastric acid
does not kill spores directly, but it does inhibit germinants, which are factoisittee
spore germination (131). When gastric acid suppressants reduce productideaselat
gastric acid and allow gastric pH to increase, germinants can tetolspores more

effectively, thus allowing actively-dividing spores to pass into the smaditineeand
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germinate into the vegetative form (132). If there is a disruption of normal thexse
vegetative cells can then multiply in the intestines, potentially lead to catmmzand
infection (23).

Gastric acid suppressant use is common among hospitalized populations;
therefore, several studies have focused on the relationship between the use agehes
and CDI among hospital patients. Beaulieu et al. did not find a statissgglificant
association between CDI and gastric acid suppressants among patients in as@intens
care unit (134). Jayatilaka et al. found increased risk associated witls€ Béfore or
during an admission in which CDI was diagnosed, after controlling for antioiat use.
They found a similar increase in risk even among patients who firsteedePls during
that admission (135). A case-control study at a small hospital found thatkterrCDI
was elevated for patients receiving PPIs compared to patients not reCdNs(POR:

3.6; 95% CI: 1.7, 8.3), even after controlling for antimicrobial use (136). Baxter et al.
reported that PPI use increased risk for CDI (OR: 1.23; 95%CI: 1.03, 1.48) among a
hospitalized population receiving antibiotics, even after controlling foofastch as

age, time in a hospital, and diagnosis of gastrointestinal disease (137). BElaalhgrke

et al. conducted a cohort study and a nested case-control study and found that the use of
histamine-2 blockers and proton pump inhibitors consistently increased risk for CDI,

after controlling for comorbidity, other medication use, @ndlifficile-associated disease
(CDAD) pressure (90, 138).

Cunningham et al. found that PPI use was independently associated with CDI
(OR: 2.5; 95% CI: 1.5, 4.2), although even higher risk was observed among receiving
PPIs while also undergoing treatment with antimicrobials and/or cytotoxmeatherapy
(139). In fact, patients undergoing a combination of PPIs and these other thiesapf3s
times the odds of acquiring CDI than patients not exposed to these agents (139). Dial et
al. have conducted a number of studies assessing risk associated with PPI usecgimong

hospitalized and outpatient populations. In the first of these publications, the resgarch
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reported increased risk for CDI associated with PPI use, even after e¢ogtiotifemale
sex, prior renal failure, hospital admission in the prior three months, cancer, and
methicillin-resistanStaphylococcus aure®MRSA) colonization (140). Dial et al. also
reported that the use of PPIs increased the risk for community-associated@bénts
included in the United Kingdom General Practice Research Databas®]GRRong
patients with CDI who had not been hospitalized in the previous year, current PPI use
was associated with an adjusted rate ratio for CDI of 2.9 (95% CI: 2.4-3.4), whiletcurre
H,-antagonist use was associated with a rate ratio of 2.0 (95% CI: 1.6-2.7). Of note, the
incidence of CA-CDI increased in this population during the study time period. During
the study time period, antimicrobial prescribing decreased while PRripiag
increased, leading the authors to suggest that PPI use is related teesmane@A-CDI
(130). An additional study by Dial et al. found an increased risk for CA-CDtedsd
with proton pump inhibitor use or antimicrobial use, whereas no increased risk was
associated with the use opHantagonists. In this study, the authors also noted that 45%
of cases were not exposed to antimicrobials within the 90 days prior to diagnosis,
suggesting that infection in the community setting may be related to exposiee than
antimicrobial use, such as PPl use (141). These studies provide ample reason for
continued research into this association, although the use of one population precludes the
broad application of these results in other populations. In addition, these studies were
conducted in a population of individuals receiving care from a national health system
which may affect the patterns of use of these drugs and other medicationsneteeise
risk for CDI.

Despite the existence of plausible biologic mechanisms and a number of studies
finding associations between gastric acid suppression and CDI, it has beestedigigat
the association may not be causal. First, many studies exist which did not find a
association between gastric acid suppressant use and CDI. Second, the use atghst

suppressants may simply serve as a marker for increased comorltidtytihhan as an



25

independent risk factor (142). Third, gastric acid suppressants are so wiesdyiped
that they are often used concurrently with other medications such as antinhiageits,
which makes it difficult to determine whether gastric acid suppressarg ase i

independent risk factor fa. difficile.

Age

Elderly persons are predisposed to CDI and to more severe CDI. In factcedva
age is one of the most commonly-cited risk factors for CDI (19, 90, 120, 137, 143), with
one study showing that patients over 65 years of age had a 10-fold higher ri§K for C
during an outbreak than did younger patients (36). McDonald et al. reported thag the rat
of hospital discharge with CDI as any diagnosis was several-fold higher grateigts
over 65 years of age than among patients 45-64 years of age, which was in turn, higher
than the rates among patients 15-44 years of age and less than 15 yearadTdfe tre
increasing CDI-related hospital discharges was significantly more proad@among
persons greater than 65 years of age than among those 45-64 years of age (144).
Collectively, higher incidence and severity of infection among older pesensaost
likely related to the increased likelihood for older persons to have a gneatéer of
comorbid conditions, to have more severe illness, to have suppressed immune systems,
and to be hospitalized or reside in long-term-care settings as compared wigleryoun
persons. Although persons of advanced age have traditionally experienced the highest
incidence rates of CDlI, this infection, and most commonly CA-CDI, is now being

reported more frequently in all age groups and among children (145).

Exposure to Healthcare
Admission to a healthcare facility or residence in a long-term cat#yfaci
increases risk fo€. difficile acquisition due to exposures in the healthcare settings. First,
patients may have a higher propensity to come into contact with surfaces oaté¢aimi

with C. difficile, persons who carry or are infected withdifficile, or healthcare workers
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who do not perform adequate hand hygiene. Second, a high proportion of hospitalized
patients and residents in long-term care facilities receive antimatsofihird,

hospitalized and long-term care populations are predominantly elderly with oxgsall
health status.

Transmission o€. difficileis common within hospital settings due to the
presence of both asymptomatic carrier€otlifficile and patients with active infection.
Hospitalized patients witl. difficile diarrhea contaminate their surrounding
environment with spores that can persist on surfaces for several nndi$icile
spores are resistant to dessication, chemicals, and extreme tempendtiatepermits
them to survive in the environment and, subsequently be transmitted to other patients. In
fact, McFarland et al. showed that the rooms of patientsQuvithfficile diarrhea are
significantly more likely to be contaminated than the rooms of asymptomaiersg49
vS. 29%), while the contamination rate of rooms with patients who do not@arry
difficile was 8% (146).

Healthcare workers’ hands are a major vector for the spreaddifficile, with
studies showing that the prevalence&otifficile on healthcare workers’ hands increases
as levels of environmental contamination increase (147). In addition, although alcohol-
based hand rubs are the preferred agents for hand hygiene in healthtaes fatcohol
does not kill spores. In contrast, the mechanical action of handwashing with soap and
water has proven effective in reducing or removihglifficile on the hands of healthcare
workers (13). In addition, patients with CDI should be placed in private rooms or rooms
with other CDI patients, and healthcare workers caring for these patends slo hand
hygiene with soap and water and should wear gowns and gloves (13).

The spread o€. difficile within hospitals is well-documented. Clabots et al.
observed that risk o€. difficile colonization increased proportionately with length of
hospital stay. Early studies showed that hospitalized populations exhibit much higher

rates of colonization, with one study reporting that hospitalized adults have a 20td0% ra
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of colonization compared with a rate of 2-3% among healthy adults (21, 146). A more
recent study reported that, after one to two weeks of hospitalization, the Catdifficile
colonization was 13%, and after 4 weeks it was greater than 50% (148). Additionally, the
duration and intensity of a patient’s exposure to other patients with active CDI on the
same unit independently increases the risk for the acquisition of CDI, abritbstdame
magnitude as antimicrobial use (138).

Although hospitalization is the most common source of expos@eddficile,
exposure may also occur in the ambulatory care setting. For example, otiighatiesis
or chemotherapy patients may be a population at increased risk for CDI due émfrequ
visits to healthcare facilities and the clinical characteristickedd patients. A recent
study conducted within an outpatient dialysis cohort found that greater underlying
comorbidity and low serum albumin levels were associated with risk for CDI (149).
Previous antimicrobial use was not associated with increased risk, althowgisdial
patients with and without CDI were treated with antimicrobials frequebdl9)(
Although risk factors among this population have been assessed, investigators have not
determined whether outpatient dialysis clinics are actually a soufzedifficile.

Acquisition ofC. difficile in non-hospitalized populations have been reported in
long-term care facilities, day care facilities and outpatient gli(id4, 150), although
little is known about sources @f. difficile in the community setting outside of these
facilities. Hypothesized potential sourcesofdifficile within the community setting
include soil, water, pets, vegetables, and animals used for food (151, 152). In a@dition,
difficile may be transmitted via close personal contact with persons who are colonized or
who have symptomatic disease (152). However, available evidence neithernmooves

disproves the roles of these sources in the acquisition of CA-CDI.
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Comorbidity

Both specific comorbid conditions and the total burden of comorbidity have been
cited as risk factors for CDI. For example, the Agency for HealthcaraRdsand
Quality (AHRQ) found that hospitalized patients with CDI had, on average, twice as
many concurrent diagnoses as patients without CDI (153). In addition, Dubbatke et
reported that higher severity of illness was also more common among patients
hospitalized for CDI (90).

A number of specific comorbid conditions are associated with CDI, although
investigators believe that some of these relationships are likelyusdibie to
antimicrobial and chemotherapy use among persons with chronic conditions; asadcrea
likelihood of exposure to healthcare settings among persons with chronic conditions
the severity of disease in patients with end-stage chronic conditions (154jicSpec
comorbid conditions that have been associated with CDI include chronic obstructive
pulmonary disease (COPD), cancer, renal disease or failure, diab&teanH|
conditions resulting in an immunocompromised state (122, 129, 155). Within a hospital
with endemic CDI, Dubberke et al. found that myocardial infarction, COPD, mild liver
disease, renal failure, and leukemia and/or lymphoma were associdtedonetise risk
for CDI in univariate analysis, although only leukemia and/or lymphoma ssoeiated
with CDI in the multivariate analysis (90). Chronic diseases which result i
immunosuppression such as HIV, chronic renal failure, diabetes mellitus, leukechia
lymphoma are associated with CDI. However, it is unclear whether sedeesk for
CDl is due to the actual condition or if risk is due to treatment for sequelarothihenic
illness. For example, immunosuppression may increase the risk for devetagme
bacterial infections, which are treated with antimicrobials, thus inagask for CDI
among these persons (156, 157).

In turn, investigators have hypothesized that patients undergoing antineoplast

chemotherapy may be at increased risk for CDI since chemotherapeuti cayeatter
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colonic bacterial normal flora and may cause intestinal changes, thwaglfor the

growth of C. difficile and toxin production (127). However, recent research has suggested
that this association may be related to concurrent use of antimicratmlals a
immunosuppression rather than to the use of chemotherapeutic drugs among these
patients (158-160).

Persons with chronic, underlying conditions are also likely to seek medieahca
healthcare facilities more often than persons who do not have comorbid conditions. For
example, patients with cancer or chronic renal failure who are undergoing bleeapgt
or outpatient dialysis receive these treatments within healthcaréid¢acilihese
“exposures” to healthcare facilities may increase the likelihood far thébe exposed to
surfaces and persons contaminated Witldifficile, thus increasing their risk for CDI for
a reason other than their specific underlying illness.

Overall, the burden of underlying iliness probably increases the risk for G2l m
than individual comorbid conditions. Furthermore, the relationships between specific
conditions and CDI are most likely due to impaired immune response relaled to t

disease or to medication use related to treatment of the disease and lts seque

Gastrointestinal Conditions

Persons with gastrointestinal conditions are considered to be at partiskiliar ri
CDI. Inflammatory bowel diseases (IBD), which include Crohn’s disease amdtilee
colitis, are chronic relapsing conditions that affect the colon and smalineteStohn's
disease can affect any area of the gastrointestinal tract, alttioughtioften starts in the
terminal ileum, whereas ulcerative colitis is restricted to the colonhenettum (161).
Although these diseases are definitively different, both present with any ofteenam
symptoms such as abdominal pain, vomiting, diarrhea, blood in stool, weight loss and
may be accompanied by a number of conditions like arthritis, pyoderma gangrenos

and primary sclerosing cholangitis.
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Several studies have found increasing incidence rates among patienDvit
that exceed those in the general, hospitalized population (162). Furthermore, itmastiga
estimate tha€. difficile may be the cause of 5-19% IBD flares resulting in
hospitalization (163, 164). Between 1998 and 2004, the highest prevalence rate of CDI
occurred among patients with ulcerative colitis (37.3 per 1,000) followed by gatight
Crohn’s disease, patients with non-IBD gastrointestinal conditions, and finally, the
general medical population within the NIS. During this 7-year study periodditkence
of CDI in patients with ulcerative colitis nearly doubled, and these patients had
significantly increased CDI-related mortality rates, while patietis Crohn’s disease
did not experience increased mortality. In addition, CDI resulted in sigmifyca
increased hospital stays and healthcare expenses for patients witheBDTwo studies
examining CDI among patients with IBD were conducted using thelNEct, the
mortality rate was four times higher among hospitalized patients who badr@ CDI
than among patients hospitalized for IBD alone, and was two times higher pat@gs
hospitalized with CDI alone. In this study, patients with ulcerative saliere more
likely to undergo endoscopy or surgical interventions for CDI than werenfsatigth
Crohn’s disease (166).

Patients with gastrointestinal conditions may be more vulnerable to CDI for a
number of reasons, including antimicrobial treatment of other gastrointgsithagens
and immunosuppressive therapy. Patients with IBD also require hospitalization
frequently, which increases probability of acquirgdifficile. Although potential
biological mechanisms for this association exist, the elevated ratentificdgion of CDI
among persons with IBD may be an artifact of differential survedlakcst, persons
with IBD may be more likely to experience symptoms of their disease wiachmailar
in nature to those of CDI (i.e., diarrhea). Second, reports in scientifetliterhave

found increased incidence and severity of outcomes among these patients;eherefor
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clinicians may test fo€. difficile more often in this population, leading to the

identification of more true cases as well as more false positive results

Antimotility Agent Use

Antimotility agents may be viewed as a means to provide symptom relief for
patients with CDI during treatment and until infection is resolved. Despitbehé,
current recommendations state that antimotility agents should not be used patients
with symptomatic CDI since these drugs may lead to toxin retention and poksibly t
development of toxic megacolon (18). This recommendation is consistent with current
practice that discourages the use of antimotility agents for the treatfreiitis
associated with enteric pathogens such as salmonella, shigella, and caoteykjircies
(167, 168). However, there is little data supporting the potential association between
antimotility and antidiarrheal drugs and negative outcomes of CDI.

One small retrospective study analyzed the clinical course of six gatright
CDI who received loperamide (an antimotility agent). These patients erped a
significantly longer duration of diarrhea, a greater maximum number whd&aepisodes
per day, and longer duration of all disease symptoms than patients not receiving
loperamide (169). Koo et al. examined unpublished postmarketing surveillance ofports
antimotility agent use among patients with CDI. Among the studies in thestliter
review, fifty-five patients with CDI were treated with antimotildgents. Seventeen of
these patients (31%) deteriorated clinically and developed complicationsrafisease
including toxic megacolon or colonic dilation after receiving antimotility agyaltine as
treatment (i.e., none of these patients were treated with appropriatéecesttial therapy)
(170). These data suggest that patients with unrecognized CDI may be ghtst hsk
of adverse outcomes, since they are being treated for their symptomshartheret

causative agent. In fact, it has been reported that patients did not experience any
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complications of CDI after receiving antimicrobial therapy and antimhoaljents
concurrently (171).

Dubberke et al. found that the use of antimotility agents increased risk for the
development of CDI (OR: 1.3), even after controlling for comorbid conditions and the
use of other medications such as PPIs and antimicrobials (90). This associat&sowas
noted in a case-control study conducted by the same research group within the same
cohort of patients (138). A biological mechanism for this association has not been
identified, thus there is the possibility that the results of these two Studig be a result
of protopathic bias (also known as reverse causality). This bias occurs wherwtritefar
the first symptoms of a disease appear to cause that disease, and israindhtecase
since there is a potential for lag time between the first symptoms ofi€Ddiarrhea),
resultant use of antimotility agents, and actual diagnosis. In addition, the sthdibs
found that treatment with antimotility agents increased risk for CDI w@nducted in a
hospitalized population, in which antimotility agents may be used more often in response
to underlying disease or in response to increased intestinal motility foll@theg
medication use.

The use of antimotility agents following CDI and the development of adverse
outcomes have been researched in small patient populations; prior to emergenee of mo
virulent strains; and in some cases, prior to the implementation of the curremetriea
guidelines for other pathogens. Researchers have yet to examine a nursfigef i
First, it is unclear whether these drugs pose any risk of complication &dinuatients
once antimicrobial therapy has been initiated. Second, the use of antindotitis'may
simply complicate clinicians’ ability to determine if infection isolv/ing in response to
treatment. Third, it is unknown whether severe, adverse outcomes among patients who
are given antimotility agents can be directly ascribed to this therapyathevithese

outcomes are related to other patient characteristics or risk factors.
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Adverse Outcomes @&. difficile Infection

C. difficile infection may result in adverse outcomes, especially in cases of very
severe disease and in vulnerable populations. The most common adverse event related to
CDlI is hospitalization. Additional serious complications and adverse outczanesccur

and include relapse or recurrent infection, surgical intervention, or death.

Relapse or Recurre@ostridium difficilelnfection

Recurrent or relapsin@. difficile infection, a symptomatic infection occurring
after the completion of a successful initial therapy, remains one of thesbagdlenges
in the management of CDI. Recurrence occurs in approximately 19-20% of patiénts, w
similar rates occurring following metronidazole and vancomycin plye@3, 66). The
risk for recurrence is increased in patients who have a history of at least wmentc
infection, such that the recurrence rate of 20% after an initial episode gxtoasbout
40% after a first recurrence and to over 60% after two or more recurrences (67, 172)
Recurrence of CDI occurs as a result of either the persistence ofrtbesain ofC.
difficile in a person (i.e., relapse) or the acquisition of a new str&in difficile (i.e.,
reinfection). Little is known about the relative frequency of these two phereme
patients with CDI, although it has been shown that the mean time from the end of therapy
for a prior episode to recurrent infection is much shorter for relapse thamfi@ctiin
(14.5 days versus 42.5 days, respectively) (173).

The reasons for recurrent infection are relatively ill-defined, althougimts
common hypothesis is that recurrence is related to differential immsipense. For
instance, a patient who has primary immune response evidenced by high serum IgG
antitoxin during an initial episode will be 44-times less likely to have anaaee than
patients who have lower antitoxin titers (43). Additional risk factors fmurrent

infection include persistent disruption and decreased diversity of the coloaic flor
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advanced age, continued antimicrobial therapy (in additi@h tbfficile treatment),

extended hospital stays, and concomitant therapy with antacid medications (174, 175).

Surgical Intervention

Surgical intervention is, at times, necessary for the treatment ohtmincolitis,
although these surgical procedures may increase risk of death, &emlititzation, and
cost for both patients and insurers. Subtotal colectomy and ileostomy are the ‘gold
standard’ surgical procedures for patients with fulminant disease and geugsréoxic
megacolon, or localizing peritoneal signs. Reported colectomy rates in singleiors
have ranged from 0.17% to 1.3%, whereas the overall rate of these proceduréi$ the
was reported at 0.28% (4, 176, 177). These rates may vary for a number of reasons,
including differences in the severity of infection, the health status of the gaa@uitthe
potential for patients to refuse surgical intervention

The impact of timing or type of surgical procedure on survival has not been
evaluated in randomized trials (47, 178-183). Hermsen et al. found that time from first
diagnosis of symptomatic CDI to surgical intervention averaged 23 days (range, 1 to 138
days; median, 5 days), while time from acute diagnosis of either an initialuoreneic
infection to surgery averaged 3 days (range, 1-8 days). In this population, 46% of patients
(6 of 13) died postoperatively, and no increased trend in survival was noted over the ten-

year period in which the study was conducted (176).

Mortality
Death is a rare outcome of CDI, although mortality rates have increased
concurrently with increased severity of CDI. Death is most often observedifud
surgical intervention in CDI patients with the most severe disease and amiengspat
with poor health status. In the U.S., death certificate data suggest thalitpncates due
to CDI increased from 5.7 per million population in 1999 to 23.7 per million in 2004

(184). Mortality rates for CDI increased with age, and females hadrimgtréality rates
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than males (185). Finally, the unadjusted case-fatality rate increased 2% in 2000
to 2.3% in 2004 among discharges in the Nationwide Inpatient Sample (5). Furthermore,
mortality rates also vary depending on the severity of CDI. PatientsudmimentC.
difficile colitis whose disease has progressed to toxic megacolon have relatitely hig
mortality rates ranging from 24-38%. In-hospital mortality follogvsurgical
intervention for patients with severe CDI ranges between 30% and 80% (49, 176, 177,
182).

Kyne et al. found that patients with CDI were significantly more likelyatoeh
higher 3-month and 1-year mortality rates than patients without CDI, althoulgiva3D
not an independent predictor of mortality after adjusting for age, comorbidity, and
severity of CDI (6). In a small study conducted in a veteran population, half of al
patients with CDI died, and one-third of these deaths occurred within 30 days of
diagnosis. Despite this high overall mortality rate, the investigatord ocoly attribute

five deaths to CDI (122).

Clinical and Public Health Significance

Increases in Morbidity and Mortality

Investigators have typically utilized administrative discharge daésbi@ conduct
population-based studies which examine increases in the prevalence arig sEGi.
A number of studies have utilized NIS data to examine trends in the incidence of
hospitalizations with CDI as a primary or secondary diagnosis, and to exaseie c
fatality and adverse outcome rates. Ricciardi et al. noted a staltyssigalificant increase
from 261 cases of CDI per 100,000 discharges to 546 cases of CDI per 100,000
discharges (p<0.001) between 1993 and 2003, representing a 109% increase (4). The
colectomy rate also increased from 1.2 to 3.4 colectomies per 1000 discharged)evhile t
mortality rate increased from 7.84% to 9.26%, suggesting that CDI becameavere s

over this time period (4). After further examination of patient charatts;isnore
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women than men were being hospitalized v@thdifficile and the mean age of patients
with CDI increased in the time period from 1993 to 2003. In a similar study, Ziligegbe
al. reported that the incidence of CDI hospitalizations among adults doubled from 5.5
cases per 10,000 population in 2000 to 11.2 cases per 10,000 population in 2005; the
greatest increase in incidence occurred among patients aged 85 yeadea(fs).ol'he
overall CDI-related mortality rate increased from 1.2% to 2.2% during thésgeriod,

even after adjusting for the effect of age (5). Furthermore, Elixhatigemeted that, in

the NIS, hospitalizations with CDI as a diagnosis increased at a highbetaten 2001
and 2005 than in the 8-year period from 1993 to 2000. In addition, this study confirmed
that patients with CDI were primarily elderly and that patients with @&re

considerably sicker and had more complex disease than patients without CDI. In fact
patients with CDI were often admitted through emergency rooms (nearly 6% of
time), and had twice as many comorbities, on average, when compared otilera
patients. Hospital stays for patients with CDI were three times |dhgerthe average
hospital stay and death rates that were 4.5 times higher than the averagéhmaiéls
population (153).

McDonald et al. determined that, within the National Hospital Discharge Survey
(NHDS) database, hospital discharges with CDI listed as any diagrgrsiecantly
increased from 31 discharges per 100,000 population (82,000 cases) in 1996 to 61
discharges per 100,000 population (178,000 cases) in 2003 (p=0.01)(144). Patients over
the age of 65 years experienced both the highest overall rate of CDI and thapitbs
increases in incidence (144).

Investigators have also estimated the incidence of hospital-acquired CDI in
various geographic regions ranging from individual states in the United &tatetre
countries. From 2000 to 2004, acute care hospitals in the state of New Jersey reported
that the mean annual rate of CDI increased from 3.7 cases per 1,000 admissions to 7.7

cases per 1,000 admissions. These hospitals also reported a perceived increase in
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recurrent or complicated cases and death (186). Incidence in the statgoh Or

increased from 1.4 to 3.3 cases per 1,000 hospital discharges from 1995 to 2002, with the
largest increases occurring in hospitals with more than 250 total beds and mdse tha
intensive care unit beds (187). In 2006, the state of Ohio instituted active public geportin
of healthcare-onset CDI in all Ohio acute care hospitals and nursing homes.,Overall
there were 12,600 initial cases of CDI and 5,600 recurrent cases of CDI in Ohio during
2006. The initial (i.e., non-recurrent) CDI case rate in acute care hospigés riiom

6.4 to 7.9 cases per 10,000 patient-days, while the rate in nursing homes was 1.7 to 2.9
cases per 10,000 patient days. In addition, there were 893 deaths listing CDI assany ca
of death, with 528 of these having CDI listed as the primary underlying causetlof dea
(188). Finally, Jarvis et al. conducted a point prevalence survey among a subse¢af Unit
States acute care facilities, which estimated an overall prevaksecef 13.1 cases per

1000 inpatients. The majority of these patients were female (55.5%), were over$0 yea
of age (69.2%), had one or more comorbid conditions (67.6%), or had received
antimicrobials (79%). This survey also found that 54.4% of these cases had been
diagnosed within 48 hours of admission, but were still considered hospital-acquired
because they had either been admitted to a long-term care facility @Gthiays (35%)

or had been hospitalized within 90 days (47%) (189).

Similar studies have been conducted outside of the United States. Researchers i
Quebec conducted a retrospective chart review of cases served by one hospital and
extrapolated the results to calculate population-based incidence from 1991 to 2003. The
incidence increased from 35.6 cases per 100,000 population in 1991 to 156.3 cases per
100,000 population in 2003, with the greatest increases in persons over 65 years of age
(65). In this population, the proportion of cases experiencing complications and death as
a result of their infection also increased (65). In the United Kingdom, 360 medical
microbiologists reported that the number of cases of CDI increased from 1,572 in 1993 to

8,211 in 1996 (190). These respondents also reported increased ward (i.e., unit) closures
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in response to CDI, indicating that CDI was widespread and increasing prior to the
emergence of the epidemic strain and the subsequent alarm among publicritealth a
medical professionals (191).

Individual institutions have reported similar increases in morbidity, and in severe
outcomes and death. The University of Pittsburgh Medical Center reportéxbthahe
incidence and the rate of CDI patients requiring additional intervention adbwiilan a
sixteen-month period (98). In fact, disease was so severe in this iostduting this
outbreak that 44 patients required colectomy and an additional 20 patients died of their
infection (98).

Two studies focused on incidence of CDI at Oregon Health Sciences University
(OHSU) Medical Center in two different time periods. In the first, Jola¢ ebted a
sharp increase in the number of cases of CDI from 1984 to 1994, with a disproportionate
number of cases occurring among surgical patients and among thosmgeceiv
perioperative antibiotics, most notably cephalosporins (192). A follow-up study found
that the incidence of CDI was 30.2% higher incidence in CDI in the six yearsdretw
1994 and 2000 than in the preceding ten years. The overall mortality rate among CDI

patients was 15.3% (193).

Healthcare Costs and Utilization

Healthcare costs due to CDI are related to treatment, length of stay, &ealthc
resource utilization, and recurrent or relapsing infection. The economic imp2bt éor
individual patients is significant. For example, Song et al. found that althoubtdi€D
not contribute to excess mortality in infected patients compared with ueidfpatients,
although it did increase length of stay and direct costs for patients with CDI.
Furthermore, direct costs for CDI increased from $306 per case in 2000 to $6,326 per
case in 2004 (7). This report is higher than estimates provided by Kyne et elh, whi

estimated that patients incurred an adjusted hospital cost of $3,669 per caseo{fjhalt
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Kyne conducted this research prior to the emergence of the BI/NAP1 strairea&/her
these investigations examined costs irCaltlifficile cases, Dubberke et al. assessed the
cost of infection for cases who did not undergo surgical intervention. The cost for an
episode of CDI was $2,454 when compared to non-CDI admissions, and cases
encountered an increase of $5,042 in medical costs attributable to CDI in the 180 days
after the initial hospitalization (194). Collectively, in the United Statesestimated cost

of healthcare associated with CDI has been estimated to range from $1.1 tio8.4 bi

dollars per year (6, 7).

Emergence oflostridium difficileInfection in the

Community Setting and in Low-risk Populations

C. difficile has traditionally been linked to disease in hospitalized populations,
althoughC. difficile infection has emerged in the community setting but is probably
under-diagnosed. Sporadic reports of CA-G@Bte back to the late 1970s and early
1980s, although, recently, cases of CA-CDI are being reported more frequently by
members of the infection control and medical communities. Until recerttiy,résearch
has been conducted to describe this phenomenon; therefore, the incidence of, risk factors

for, and outcomes of community-associated infection are relatively unknown.

Estimates of the Incidence of Community-associated
Clostridium difficileInfection

The incidence and prevalence of CDI in the community setting has often been
estimated in the general practice setting through surveys and through tbhecroded
microbiological analysis of fecal samples. In Germany, Weil et al. potisply analyzed
stool samples from 704 general practice patients with diarrhea, of which 66 (9.4%)
samples were positive f@. difficile. Fifty-three percent of these patients (35 of 66) with
a positive immunoassay result had documented recent use of cephalosporins or

fluoroquinolones (191). A similar study conducted among general practice patidms in t
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United Kingdom reported that, 2.1% of 2100 randomly selected fecal samples were
positive forC. difficile cytotoxin, which translated to an annual incidence of 20.2 to 29.5
cases per 100,000 persons (195). A positive result was associated with antimicrobial
exposure within the previous 4 weeks and hospital admission in the prior 6 months
although one-third of these patients were not exposed to either of these risk(l&&drs
In a third study, Bauer et al. determined that 1.5% of general practicetpatitn
diarrhea were infected wil@. difficile. A high percentage of these patients had not been
admitted to a healthcare facility in the previous year (65%) and/or had notdutilize
antimicrobials in the 6 months prior to symptom onset (42%) (196). Finally, researchers
reported that theC. difficile seroprevalence rates in a Danish general adult population
increased from 19% in 1990 to 27% in 1998 (p<0.0001). Higher seroprevalence rates
were observed in older age groups, although increases in seroprevalence oueythe st
time period were relatively uniform across age groups (197). The results sfutly
suggest that environmental exposur€tdlifficile may be increasing in the community
setting, although the researchers did not determine whether these 1gG asitierdie
related to the actual development of CDI and they did not examine potentialaticsisf
for acquisition ofC. difficile (197).

In the U.S., reports of CA-CDI have been generated from brief periods of
voluntary surveillance in limited geographic areas and in targeted popslafioe first
of these studies was reported by the CDC in the 2005 Morbidity and Mortality Weekly
Report (MMWR). A number of severe CDI cases occurring among peripartumnvome
prompted a period of population-wide surveillance in the Philadelphia area. During this
voluntary reporting period, public health officials and clinicians identifiestad 3 cases
of CA-CDI, of which10 cases occurred among peripartum women (10). The meam age f
non-peripartum cases was 26 years, with cases ranging in age from 6 montheds72 y
Four of these cases had evidence of transmission between close contactitaradesg

(25%) had no prior antimicrobial use within the three months before onset of CDI (10).
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Roughly 46% of cases required hospitalization or an emergency departmenhdgisit, a
39% (13 of 23) experienced recurrence and required additional treatment (10). The
annual incidence of CA-CDI for this area was estimated at 7.6 cases per 100,000
population, with one case of CDI occurring for every 5,549 outpatient antimicrobial
prescriptions (based on national estimates of antimicrobial prescribingdppthis
population), although investigators acknowledged that these estimatdz noay
because of the voluntary nature of reporting (10) .

In 2008, the MMWR published Connecticut surveillance data from 2006, which
identified 241 CA-CDI cases and reported an annual incidence of 6.9 cases per 100,000
population (11). During the surveillance period, incidence of CA-CDI increasbdga;
females had nearly twice the incidence of males; and, rates were lighagtthe spring
and summer months. Among these cases, 46% (110 of 241 cases) required
hospitalization, mainly for diagnosis and treatment of dehydration and cotitisugh
thirteen cases required intensive care unit stays and two cases reglg@ctahay for
toxic megacolon. Two patients died of complications related to CDI. Casesmgquiri
hospitalization had a median length of stay of four days, with a range of 1 to 39 days. Of
these patients, 68% had taken antimicrobials in the 3 months preceding specimen
collection, 67% had an underlying comorbid conditions, and 29% had been discharged
from a healthcare facility or long-term care center 3 to 12 months prior tGeliseset.
However, 25% of cases (59 of 241) had no underlying comorbidities or exposure to a
healthcare setting, and 21 cases had no exposure to antimicrobials. Caseslveisigout t
exposures were younger, were less likely to be hospitalized for theirBZAaGd were
more likely to report bloody diarrhea (11). Together, these observations sugg€fdlthat
is occurring in populations which are not traditionally considered at-risk. Fudherm
CA-CDI may be underascertained among persons who do not have traditional risk

factors.
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Risk Factors for Community-associai@hbstridium

difficile Infection

Multiple studies have suggested that persons with CA-CDI, in general, may be
younger, have less comorbidity, have less history of hospitalization, and pessiexto
healthcare settings than individuals with HA-CDI (8, 10, 196). In studies of CA-G®I, t
most commonly cited risk factor is antimicrobial use. Additional potensilfactors in
the community setting include the use of proton pump inhibitors, contact with a
contaminated healthcare environment in the outpatient setting, contact wihgaho
are infected with and sheddiy difficile (i.e., person-to-person transmission), and
contact with contaminated food (11).

The first epidemiologic study of CDI in the community setting was published in
1994. Hirschhorn et al. identified 51 patients with CA-CDI over a two-year péoiodn
overall incidence rate of 7.7 cases per 100,000 person-years within the Harvard
Community Health Plan population (8). Patients with CA-CDI had a median age of 37
years; less than half of them (43%) had a concurrent or predisposing condition; and, the
majority of cases (82%) were diagnosed and treated in the ambulatoryttage ke
researchers also reported that 6.7 cases of CA-CDI occurred’mentibiotic risk
periods. Risk associated with specific antimicrobials ranged from no riskving
tetracycline use to significantly increased risk associated withcdhmpicefuroxime,
cephalexin, and nitrofurantoin. Although the median age of these patients waslselati
low, increased risk was observed with increasing age (with persons <2@fyagesas
the reference group). Furthermore, exposure to combinations of antiralsy&eix, and
known human immunodeficiency virus infection were not associated with incresised r
(8).

A descriptive study conducted by Riley et al. determined the frequeriy of
difficile in stool samples submitted to general practitioners in Australia, and surveyed

providers who cared for patients with difficile (198). Sixty-one patients were identified
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as having at least one bout of CDI. Of these patients, 85% (45 of 53 patients for whom
survey information was available) of cases had received antimicrob@ds commonly
beta-lactams, within the previous four weeks. The authors cited this as beingeabnsist
with the prescribing practices of general practitioners, which may differ hospital
settings (198).

Prospective surveillance for CDI among the Swedish population determined that
28% of all cases were community-associated (94). These investigatovgactwiedical
records and found that the median age of cases was 59 years; 88% had received
antimicrobials within the previous six weeks; and, 56% were subsequently hospitalize
for a mean of 6.6 days. The incidence of CA-CDI ranged from 5-47 cases per 100,000
inhabitants. However, these researchers defined patients as having corassmdiated
infection if they had not been hospitalized during the 4 weeks prior to diagnosis, which,
by current standards, is too short of a time span (94).

Beugerie et al. prospectively followed patients who were prescribediarmbial
therapy in the outpatient setting (199). These patients acdtiraifficile at a rate of
2700 cases per 100,000 exposures to antimicrobial drugs. Duration and type of
antibiotics, and particularly exposure to amoxicillin-clavulanic acidevpeedictors of
the development of diarrhea dueGodifficile among outpatients, while age and gender
were not predictive (199). In one Swedish county, Noren et al. identified 371 t@sl cas
of CDI, of which 59 (16%) were classified as community-associated (200). Goitym
associated cases were younger (median age of 64 years vs. 72 years¥othtb@/er
per capita consumption of antimicrobials (despite the fact that most of overall
antimicrobial consumption in this county actually occurred in the community setting)
and had significantly lower mortality rates (4% versus 15%) when compaite e
CDI cases. Finally, seventeen percent of community-associatedecasegenced

recurrence of their infections (200).
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At a Veterans’ Administration hospital, Chang et al. found that twenty-seven of
140 patients (19%) with onset Gf difficile in the ambulatory care environment were
defined as CA-CDI because they had not been hospitalized in the 100 days prior to a
positive toxin test (201). Twenty of these 27 patients had received outpatient
antimicrobials within the previous 60 days, most commonly clindamycin, broadspectr
penicillins, and fluoroquinolones. Additionally, of cases identified in the ambulatory
setting but not classified as CA-CDI, the majority (90%) had developed sgraptithin
30 days of a hospital discharge, while 1 patient experienced symptom onset 30-60 days
after discharge and 6 patients developed symptoms more than 60 days after discharge
Although this study focused on CA-CDI, the investigators suggest that symptein ons
within 30 days of a prior discharge may be a reasonable time frame fofyidgnt
hospital-associated cases diagnosed in the ambulatory care setting (201).

Delaney et al. conducted a case-control study of patients in the GenetilePra
Research Database (GPRD) over a ten-year period (202). A CAeSPMWas defined as
a case-patient without a history of hospitalization in the year prior to disgrudse of
any antimicrobial within the prior 60 days was associated with increasedlthiskigh o
63% of case-patients had not received any antimicrobials. Specific @otimai classes
conferred varying degrees of risk, with the greatest risk associated witbdiunolones
(OR: 6.2) and lesser degrees of risk associated with cephalosporins (OR: 2.21),
macrolides (OR: 2.15), penicillins (OR: 1.89), and sulfonamides (OR: 1.88).
Furthermore, the risk due to antimicrobial use diminished by one-half over the 3 months
after antimicrobials were discontinued and risk was essentially notewtxagter 6
months (202).

McFarland et al. identified 20 CA-CDI cases among patients presentimgl
to a Seattle-area Veterans’ Administration hospital (121). Patietit€@mmunity-
associated infection were younger (56.5 years vs. 65.9 years, p=0.05), had fewss and |

severe comorbid conditions (5.3 versus 6.8, p=0.02), and were more likely to have lower
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intestinal conditions than patients with nosocomial infection. Sixty perceuatignts
with CA-CDI had no exposure to antimicrobials, compared with 15% of nosocomial
cases. Patients with CA-CDI also had shorter mean durations of hospaaliaadi lower
mortality than patients with HA-CDI. Furthermore, none of the patients wittCOA
underwent a surgical procedure for their infection (121).

Wilcox et al. conducted prospective surveillance in one semi-rural cohort and one
urban cohort in the United Kingdom to determine the burdé&h difficile cytotoxin
positivity in patients seeking medical care from general practitione20@f random
samples, roughly 2% were cytotoxin positive. The median age of casesmgauthe
urban cohort was significantly higher than that of cases in the semi-rbat €63 years
vs. 45 years, respectively). When compared to a random subset of patients without CDI,
cases were found to have received antimicrobials significantly mem iofthe month
prior to onset of diarrhea (52% versus 18%, p=0.0001) and to have been hospitalized in
the six months prior to CDI onset. Of note, 35% of all patients with CA-CDI n@re
exposed to either antibiotics or hospitalization, and the only additional signifisk
factor in this study was contact with an infant under 2 years of age (195).

A series of studies conducted by Dial et al. using the GPRD focused primarily on
risk associated with the use of gastric acid suppressants, although theleatgied a
number of other risk factors for CA-CDI. First, over a ten-year period from D2d04,
the incidence o€. difficile in patients diagnosed by their general practitioners increased
from less than 1 case per 100,000 persons to 22 cases per 100, 000 persons (203).
Patients with CA-CDI had a mean age of 71 years and were more likely to be women.
Use of antimicrobials (OR: 3.1; 95% CI: 2.7, 3.6), proton pump inhibitors (OR: 2.9; 95%
Cl: 2.4, 3.4), H-receptor antagonists (OR: 2.0; 95% CI: 1.6, 2.7) and non-steroidal anti-
inflammatory drugs (OR: 1.3; 95% CI: 1.2, 1.5) in the 90 days before diagnosis were
related to an increased risk for CDI. Elevated risk was also relatexirtorbid

conditions including renal failure (adjusted RR: 3.7; 95% CI: 2.4, 5.6), inflammatory
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bowel disease (RR: 3.6; 95% CI: 2.6, 5.1); malignancy (RR: 1.9; 95% CI: 1.4, 2.7); and
being methicillin-resistarbtaphylococcus auresIRSA)—positive (RR: 4.2; 95% CI:

2.7, 6.4). In this study, only 37% of patients with CA-CDI received antimicrobials
Furthermore, the incidence of CA-CDI was increasing, antimicrobial jpoesgrates

were decreasing, and proton pump inhibitor prescribing rates were incressiagesult,
these researchers concluded that antimicrobial use may not be an absoigiate for

CDI, and proton pump inhibitors may play a larger part in the acquisition of CDI than has
been acknowledged in prior research (203).

A second study conducted by Dial et al. approached this research question in a
similar manner, except cases of CA-CDI were identified as patienaéiving oral
vancomycin prescriptions in the outpatient setting (204). Exposure to a proton pump
inhibitor (OR: 3.5; 95% CI: 2.3, 5.2) or an antibiotic (OR: 8.2; 95% CI: 6.1, 11.0) was
related to increased risk for CA-CDI. Additional results were consistiginthe prior
study; however, 45% of cases had not received a prescription for an antinhiageia
within 90 days of their infection. In addition, renal failure, inflammatory balisgase,
malignancies, and prior MRSA infection resulted in increased risk foCOR204).

A final case-control study conducted by Dial et al. examined patterns of
antimicrobial among elderly patients with CA-CDI (129). Eight-hundred tsitycases
of CA-CDI were identified from 1998 to 2004. Incidence rates in this population
remained relatively stable from 1998 to 2002, but increased in 2003 and 2004. Cases
were more likely to be female and, on average, had more encounters with their physicia
within the two years prior to admission for CA-CDI. Of the 836 cases, 442 (5288%9 c
had no antimicrobial use in the 45 days prior to admission to a hospital with CA-CDI,
and 382 (45.7%) had no exposure in the 90 days before admission. All antimicrobials
except trimethoprim-sulfamethoxazole and those classified as “othez”"associated
with increased risk, with the highest risk noted after the use of clindamycin,

cephalosporins, or gatifloxacin. The researchers also determined that, in tha&ipopu
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the highest risk for CDI occurred within 30 days after the start of antimadribt@rapy.
Risk decreased significantly after 45 days and returned to baselinethgk 80 days.
Proton pump inhibitor use was associated with a small increase in risk, while eabcurr
medical conditions related to increased risk included inflammatory bovesisdis

irritable bowel syndrome, and renal failure (129).

Finally, Lambert et al. applied CDC surveillance recommendations toeamef/
surveillance data in Manitoba and determined that approximately 27%fdifficile
cases were community-associated. HA-CDI and CA-CDI had signifycdifferent age
distributions, with HA-CDI cases being older than CA-CDI cases (12).

A number of recent studies have suggested that CA-CDI may be increasing
among children and peripartum women. Asymptomatic carriage in infants is common;
however, in general, children have not been considered to be at risk for the acquisition of
CDI (205, 206). However, at one children’s hospital, Benson et al. found that the
incidence of CDI increased significantly in the outpatient setting from 2001 to 2006,
largely due to the increasing number of community-associated cases in thisgedia
population (145). In addition, only 57% of the patients with CDI in this population had
any record of recent antibiotic use (145).

Two case series of peripartum women with CDI have been published. In the first,
Rouphael et al. conducted passive surveillance of clinical and pathology data fer sever
cases of CDI in peripartum women, and also conducted a survey among infectious
diseases consultants (207). This study identified 10 peripartum women with GPlI, onl
three of whom had a history of hospital admission or antimicrobial therapy imrége t
months prior to symptom onset. The outcomes of these infections were severe and
included three stillbirths and three maternal deaths. This study also Fair8¥tof 419
infectious disease consultants had provided medical care for 55 cases of CDlI in
peripartum women in the six months before the survey was conducted. In the second,

Garey et al. reported the clinical experiences of four peripartum wostieCDI at a
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tertiary care center. All of these women were exposed to antimicralpidlall developed

severe CDI, although none of the infections resulted in maternal death ottist{20i8).

Summary of Gaps in Knowledge and Contributions of this

Study
The epidemiology of HA-CDI is relatively well-established, although the

emergence of CDI in the general, non-hospitalized population has demahstedte
significant gaps in our knowledge about this infection persist. This study aimedcdo bui
upon the prior research by estimating the incidence of CA-CDI and HA+CaN i

insured population and by examining the relationships between potential tcis facd
the acquisition of CA-CDI.

Although reports of CA-CDI are becoming increasingly common, the incidence
of this infection cannot be determined easily because there is no active national
surveillance system for CDI in the U.S. and because case definitions fGDCAre not
standardized. This study applied recent CDC surveillance definitions, idér@iA-CDI
and HA-CDI cases within an insured population, and determined the incidence of
infection from 2004 to 2007. By accomplishing these two goals, this study is one of a few
to confirm the presence of CDI in the community setting and to estimate ttienoeiof
CA-CDI and HA-CDI within the same population.

Traditional risk factors for HA-CDI include advanced age, severe underlying
illness, and antimicrobial use; therefore, clinicians have historicallydamesl persons to
be at ‘low-risk’ for CDI if these risk factors were not present. Addition&IpI was not
typically considered as a diagnosis among persons who were not currentigrilyre
hospitalized; therefore the epidemiologic research which is avallablbeen conducted
primarily within hospitalized populations. The few, available epidemiologic Sudie
community-associated CDI have focus primarily on the distribution of CDI in

populations seeking medical care and the description of how and where patients acquire
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C. difficile in the community, rather than risk factors that may be associated with
infection (9, 199, 209-212). Thus, little is known about potential differences between the
characteristics of CA-CDI and HA-CDI cases, the risk factors fGDI, or how these
risk factors for CA-CDI may differ from traditional risk factor$owever, anecdotal
reports have suggested that persons with CA-CDI, in general, may be yourger, ha
fewer comorbid conditions, and have fewer hospitalizations and less exposure to
healthcare settings than persons with HA-CDI (8, 10, 196).

The medications commonly associated with increased risk for CDI are
antimicrobials and gastric acid suppressants. Although there is a plethesaasthe
about the general association between CDI and antimicrobials, prior reseandt ha
defined a consistent at-risk period for CDI following use of antimicrohiadshas not
addressed the impact of sequential use of different antimicrobials on ther rGRIf To
examine this relationship in depth, the current study determined the risk {GDTCA
related to the use of specific antimicrobials and antimicrobial da$beés study also
examined the risk for CDI related to timing of antimicrobial use andtaériumber of
antimicrobial agents utilized in the previous 180 days. Additionally, this studgrexipl
whether CA-CDI occurred among persons who do not have exposure to antimicrobials.

The association between gastric acid suppressants and CDI has been
inconsistently cited and questions remain about the true nature of this assoc¢ihtien. |
been suggested that observed associations between gastric acid suppressiorcand CDI
be explained partially or wholly by exposure to antimicrobials. To examise thi
relationship, this study assessed the risk for CDI related to any use af geiskr
suppressants after controlling for antimicrobial use and the risk relateel ticming of
the use of these medications. In addition, this study explored the potentialtioterac
between the use of gastric acid suppressants and antimicrobials.

Finally, two studies found an association between the use of antimotility agents

and CDI. However, some feel that this association may be explained bsereaesality,
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since it is presumed that exposure to antimotility drugs does not tygicatigde
exposure tcC. difficile or true development of disease. Rather, patients receive
antimotility agents to alleviate symptoms of active infection (213, 214). Tomx{ile
nature of this association, this study examined the use of antimotilitysaaed the
timing of their use in relation to CDI.

The association between underlying comorbidity and CDI has been estabiished
research conducted in hospitalized populations, although it is unclear if comorbid
conditions are a driving force in the development of CA-CDI. This study hypotidesiz
that underlying comorbidity does increase risk for CA-CDI, although tttisipated that
CA-CDI cases will have less comorbidity than typically observed amorgtalized
patients with CDI. Furthermore, gastrointestinal disease is assbuidlkeincreased
incidence and severity of CDI, although it is unclear whether these assusiate
attributed to the gastrointestinal diseases themselves or to therapies isatigersons
with gastrointestinal diseases. This study hypothesized that gastinaitdsease
increases risk for CA-CDI. Sensitivity analysis was conducted to detenfrestimates
of risk for CA-CDI varied after exclusion of cases with gastrointelstiisaase;
variations in risk estimates would suggest that CA-CDI cases witlogaesstinal
conditions may have different patient of clinical characteristics thasxCDRcases
without these conditions.

Additional sensitivity analyses explored the influence of measurementrerror
case definitions and the influence of differential surveillance and confounding by
indication on risk estimates. Finally, this study also assessed adverse egitebinm
this population to determine whether CA-CDI contributed to healthcare servecasdis

healthcare costs at a magnitude similar to that previously reportedfQCH
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CHAPTER THREE - RESEARCH METHODS

Overview

This chapter provides a detailed description of the research methodology used to
address the specific aims of this study. The chapter opens with an overvieviDatahe
Repository used and the data elements necessary for this study. This isdfdiioare
explanation of the research study design and study population, as well as therinclusi
criteria, exclusion criteria, case definitions, and control selecticerieripplied to this
population. This chapter also describes the potential risk factors and covataatesesl,
as well as how these data were ascertained from the Data Repositally, Fhis chapter

details the methods of statistical analyses for the specific aims ofutis s

Ethical Review

This study was initially reviewed and approved by the University of lowa
Institutional Review Board on December 1, 2008. Modifications to the study and

continuing review were approved on June 1, 2009 and November 3, 2009, respectively.

Study Data

A retrospective nested case-control study of personsGiastridium difficile
infection was conducted utilizing insurance claims data from the Data iRepdasr the
time period between January 1, 2003 and December 31, 2007. The Data Repository is a
limited, longitudinal data set consisting of annual data files of de-identi&éallh care
claims information for individual members and their covered family memidsosare
fully-insured through commercial insurance underwritten by Wellmaulk Blross and
Blue Shield of lowa and South Dakota (Wellmark). Wellmark is the largest prafider
health insurance in the states of lowa and South Dakota. The insurance claimsatathe D
Repository represent care in inpatient, outpatient, office, home health, pharmacy, and

extended care/skilled nursing settings for members with health and/or phdremadis.
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Claims are linked across claim type and longitudinally by unique de-ident#ierence
identifier (ID) for each individual. The reference identifier can traeksame individual
over time, even if he/she changes employers and identifies those covered usderehe
insurance plan (e.g., family members). Individuals are lost to observation upioig lea
their insurance coverage. There are no administrative claims foelngssired group,
persons with Medicare Supplemental Insurance, dental insurance, or fedamlems.

The number of individuals with both health care and pharmacy insurance ranges
from 783,673 (in 2003) to 853,904 (in 2007). Over the entire study period, the Data
Repository includes 1,367,656 cumulative unique people. Of these, 240,000 are children.
Over the five-year period between 2003 and 2007, the mean duration of coverage for
854,521 individuals was 47.1 months with a median of 50 months and range of 1 to 60
months. Of the members in 2007, 94.4% were continuously covered in 2006, 62.8% in
2005, 46.6% in 2004, and 33.5% in 2003. The age and gender distribution for persons
included in the Data Repository from 2003 to 2007 are given in Table 1.

Available information includes insurance coverage and demographic information;
medical claims data including prescription medications, diagnosis codes, peocedur
codes, and claims paid; and provider information. Data obtained for this study included:
(1) inpatient and outpatient data with service dates, diagnostic codes (Intexhat
Classification of Diseases, Ninth Edition (ICD-9) codes; up to five codes paurgec),
procedure codes (coded as Current Procedural Terminology, 4th Edition (CPT-4) codes
for outpatient physicians and as ICD-9-CM procedure codes for hospitals gioélsur
centers), type of service, and place of service; (2) outpatient pharmaayittaNational
Drug Codes (NDCs) codes, date of prescription fill, and drug-days supplied; (3)
membership data including type and extent of insurance coverage (i.e., healtgeovera
prescription drug coverage), duration of insurance coverage and family insti¢djor
demographic data including birth year (utilized to calculate age in)ygarsder, and

member location.
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The Data Repository is held and maintained by the Center for Publi:iHealt
Statistics (CPHS) in the University of lowa College of Public Hedlhe University of
lowa and Wellmark, Inc. maintain an open-ended data use agreement thighestahe
Data Repository, which operates under University of lowa InstitutionaeReBoard
(IRB) approval. Access to this data for the purposes of this study was obtained through
the required process approved by both parties.

A proposal for this research was submitted to Wellmark through the CPHS in
January 2009, and was subsequently approved on February 3, 2009. Upon approval, the
staff at CPHS created a subset of the Data Repository containingargckss elements
for the study population, which was stored on a password-protected and isolaednser
the College of Public Health. In addition, control selection was conducte®H$ Gtaff,

in accordance with the study design.

Overview of Research Study Design

This research study and its specific aims were designed to provide a
comprehensive examination of CDI among members of an insured population. lroorder t
accomplish the goals of the study, CDI cases were identified, casiiole$ were
applied to categorize CDI in the community and hospital settings, and inciédeesdar
CA-CDI and HA-CDI were calculated for the years from 2004 to 2007. Furtherthere
demographic and clinical characteristics of community-associated apitdahaequired
cases were reported; and, age, medication use, and underlying illnegsthesancase
groups were compared. To examine risk factors for CA-CDI within this population
retrospective nested case-control study was conducted. A case-canlydesign was
chosen due its ability to compare cases (diseased persons) to controls (n@ddiseas
persons) based on their exposure to risk factors. More specifically, the nested cas
control study design makes these comparisons within a well-defined cohort over a

specified period of follow-up. Recent research reports have documented tleatahiy s
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of CDl is increasing, as are adverse outcomes of infection. Thus, advers@esitc
among CA-CDI cases were identified and the use of antimotility agentseeamaraphic

and clinical characteristics of cases with and without adverse outcomesongrared.

Study Population

Study Cohort and Subject Selection
All persons in the Data Repository from January 1, 2003 to December 31, 2007
were included in the study cohort. Within this cohort, cases were idenhifeagh the
use of ICD-9 codes, were selected according to inclusion/exclusion cdtediavere
classified according to case definitions. Controls were selected byrapptyntrol

selection criteria to the study cohort.

Identification ofClostridium difficileInfection

Cases were identified within the study cohort as persons with a primary or
secondary diagnosis of ICD-9 code 008.45 for ‘Infection dugastridium difficilé
listed on an inpatient or outpatient insurance claim. Previous studies have documented
the validity of utilizing this ICD-9 code to identify cases of GDhospitalized
populations. In fact, Dubberke et al. conducted a retrospective cohort study that found
that the correlation betwe&h difficile-toxin assay results and this ICD-9 code was good
(x =0.72, p<0.01); and, the sensitivity and specificity of this ICD-9 code were ii@% a
99.7%, respectively (215, 216). Further research by Scheurer et al. repadstedhéma
using microbiological testing as the gold standard, the sensitivity, sggcipositive,
and negative predictive values of ICD-9 coding for CDI were 71%, 99%, 87%, and 96%,
respectively. The authors of this study suggestedZhdifficile ICD-9 codes closely
approximates true CDI and can be used as an alternative to microbiological thhata |
hospital setting (217). More recently, Dubberke et al. determined that, wherCusing

difficile toxin assay results as the ‘gold standard’, this ICD-9 code is adequate for
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measuring overall CDI burden but may not be an appropriate surrogate fol@uceenf
hospital-onset CDI. In this study, hospital-onset CDI was identified through segondar
diagnosis codes, while primary diagnosis codes were utilized to identify @oitym
onset CDI cases. This approach over-reported hospital-onset cases, with im@st of t
misidentified cases being community-onset infection or recurrent iofe(2iL8).
Although validation of this ICD-9 code has primarily occurred within the hds@tang,
it has been utilized frequently in studies conducted in administrative databése$53,
219). This study determined that this ICD-9 code is the most appropriate and ordy viabl
method for case detection in this administrative database.

Following identification of cases in the study cohort, study inclusion and
exclusion criteria were applied. Once these criteria were applied,wasefurther

classified as community-associated, indeterminate, or hospital-acquired.

Study Inclusion Criteria

Only subjects with complete and continuous membership information were
included because incomplete information would prevent comprehensive ascertahment
demographic information. In addition, only subjects with both health and drug insurance
coverage were included in this study to ensure complete ascertainmerithafdiea
utilization and the use of prescription medications. Subjects were required tecueale
to or greater than 12 months of insurance coverage prior to diagnosis date or index date
(for controls) to be considered eligible for inclusion in this study. This period of
insurance coverage was determined from membership information confirmatgduwof
health and drug insurance coverage. This follow-up time was required to ensure the
adequate measurement of prescription drug exposures and patient medical history,
including comorbid conditions. Furthermore, CA-CDI cases were required to have
observation time of at least 180 days following diagnos(. @fifficile in order to

identify potential outcomes and to identify the use of antimotility agents.
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Study Exclusion Criteria

A case was excluded if he/she was diagnosed with CDI in a nursing home or if
he/she had a history of nursing home claims in the six months prior to CDI diagnosis.
Potential study subjects were also excluded from control selection if ldey h
documented history of nursing home claims within six months of the diagnosis &#.a ca
Long-term care exposure was identified as an insurance claim withieesglace listed
as ‘nursing home’. This exclusion criterion acknowledges prior research sogdbat
patients who acquir€. difficile or develop CDI in nursing home settings may have
healthcare experiences or exposure to risk factors which differ fromithbespital or
community settings. For example, in nursing home settings, prevalencenatestial
usage is high, infection control practices may be less stringent than in leg@tadds
of contact between patients and healthcare workers may be more prolonged than in
hospital settings, and nursing home workers may be less aware of indicatiGns f
difficile testing (220, 221).

For cases, only the first occurrenceXfdifficile diagnosis was utilized in this
study because patients with a previous diagnosis of CDI may be different thanithose w
a first diagnosis. For example, patients with prior disease may be leggdiketeive a
prescription for antimicrobials because they may be considered at high riSRfor
Therefore, the exclusion of second diagnoses of CDI in risk factor assessmretitis

time period decreases the risk of bias in antibiotic use estimates.

Development and Application &. difficile Infection Case

Definitions

Background Information
C. difficile infection is clinically defined as a case of diarrhea or toxic megacolon
that meets one of the following criteria: 1) a positalifficile toxin assay or culture; 2)

pseudomembranous colitis seen during endoscopic examination or a surgical procedure;
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and/or 3) pseudomembranous colitis seen during autopsy (87). In addition, cases of CDI
are categorized according to where the infections were acquired or thenafahe
patient at the time of symptom onset.

The current practice in hospital epidemiology is to define HA-CDI as aofase
CDI with symptoms occurring more than 48 hours after admission to a healthchine faci
or a case presenting in the community or to a hospital with onset of symptoitinaieds
weeks after a prior discharge from a healthcare facility (222). Bet¢hasnajority of
epidemiological studies on this infection have been conducted in hospitalized
populations--mainly due to the relatively high incidence in this group, its high imperta
as an infection control issue, as well as the availability of data for th&sats--case
definitions for hospital-acquired infection are more widely accepted and negresfitly
applied. In contrast, the classification of CDI acquired outside of the Hosgtiiag is
still in the early stages of application in research.

A consensus on defining CA-CDI does not exist, although The European Centre
for Disease Prevention and Control and the United States Centers for Diseaskadantr
Prevention (CDC) have proposed similar definitions (222, 223). These recommended
surveillance definitions suggest that a patient Witldifficile has community-associated
infection if he/she experienced symptom onset either in the community (i.edecats
healthcare facility) or within the first 48 hours after admission to a headttacility,
provided that the patient has no hospital admissions within the past 12 weeks. The CDC
additionally defines indeterminate cases of CDI as those who do not meé oiter
community-associated or hospital-acquired classification; this group isghadients
who were hospitalized between 4 and 12 weeks prior to onset of CDI symptoms and
subsequent. difficile diagnosis.

These recommendations have not been applied widely at this time. Kutty et al.
reported that a substantial proportion of hospital-acquired cases with onset in the

community occurred and resulted in medical care less than 4 weeks@ieeding
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hospital discharge. This observation supports the premise that cases occitinrmthis
four-week period should be attributed to exposure in a hospital setting, and suggests that
cases occurring outside this window of time are most likely not hospital-adghbint

rather are community-associated or indeterminate in nature. Furtbaraless needed to
solidify the merit of classifying community-associated and indetersiceges beyond

this four week period (224).

Study Case Definitions

For this study, CDC-recommended surveillance definitions were adapted for
application in the Data Repository and cases were classified into #segroups:
community-associated, indeterminate, or hospital-acquired (222). Only community
associated and hospital-acquired CDI cases were utilized to address the sipesiof
the study.

A case of CA-CDI was defined as meeting one of the following: (a) apyior
secondary diagnosis of ICD-9 code 008.45 diagnosed in the outpatient setting with no
history of being discharged from a hospital in the twelve weeks prior to diagnogts); or
a primary diagnosis of 008.45 at the time of hospitalization with no history of being
discharged from a hospital in the twelve weeks prior to diagnosis.

A case of HA-CDI was defined as meeting one of the followfaga secondary
diagnosis of ICD-9 code 008.45 during hospitalization; (b) a primary diagnosis of 008.45
at the time of hospitalization with a history of being discharged from a hospited 4
weeks prior to diagnosis; or, (c) a primary or secondary diagnosis of ICD-D08dkb
in the outpatient setting with a history of being discharged from a hospital dnvtbeks
prior to diagnosis.

Finally, a case of indeterminate CDI was defined as meeting one of ltheihot
(a) a primary or secondary diagnosis of ICD-9 code 008.45 in the outpatient setiing wi

a history of being discharged from a hospital between four and twelve week® prior
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diagnosis; or, (b) a primary diagnosis of ICD-9 code 008.45 at the time of hospdaliza
with a history of being discharged from a hospital between four and twelve peaks

to diagnosis.

Control Selection

In nested case-control studies, controls are selected using a ‘risk sehgampli
approach. In this approach, 'risk sets’ are defined as a case and all petbenstudy
cohort who are ‘at risk’ on the corresponding diagnosis date for that case (i.e., those tha
have not been diagnosed wiEh difficile up to that point in time). Once a risk set was
established for each case, ten controls who met the control selectioa evaegi
randomly selected for each case. Selection criteria were similart fotltases, except
that controls were required to not havedifficile prior to the diagnosis date for a case.
The control selection criteria for this study were: a) no diagno<is difficile prior to
diagnosis date for cases; b) current and complete health and drug coverageata the d
that a case was diagnosed — controls were “matched” to cases based on thiddietex
c) one year (12 months) of continuous health and drug insurance coverage prior to the
diagnosis date for a corresponding case; d) complete membership informatic);nand
history of nursing home claims in the 6 months prior to index date.

The ratio of 10 controls for each case was chosen because it has been shown that,
when 10 controls are selected per case in nested case-control studies, tiom pfeitie
parameter estimates will be nearly identical to the parametera¢ssimbtained from
analysis of the entire cohort (225). This study allows future cases toasecoatrols,
which is consistent with the nested case-control design. The primary advantaige of t
approach is that it allows us to calculate odds ratios which validly estinatatias,
without need for the rare-disease assumption. Finally, this control selectoihahg
controls for the effect of calendar time since cases and controls wereethasded on

diagnosis/index date. The effects of calendar time may be importantafviieee changes
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in clinical recognition and diagnosis of CDI or if there have been changes in
antimicrobial prescribing practices during the study period. This method ohimgby
date also accounts for the possibility that CDI occurrence is seasonal in nature. Pr
research has suggested that CDI may follow a seasonal pattern due to seastinakva

in the incidence of infection and resultant antibiotic prescribing (226).

Risk Factors and Outcomes Examined in this Study

Prescription Drugs

This study addressed use of antimicrobial agents and gastric acid sap{¥ess
potential risk factors for CA-CDI. Specific prescription drugs of intenese identified
through the review of scientific literature, and data were obtained from ieutpat
prescription claims data. National Drug Codes (NDCs) were utilized tafiddnigs
prescribed to study subjects. NDCs are unique, three-segment numbers tha gerve a
universal product identifier for drugs used for human treatment. The MultumolneXic
RxNorm®, and Red Book® databases were utilized to identify prescription drugs and
their variations and to classify drugs further (i.e., antimicrobial egg227-229). All
prescription drug data variables in this study were constructed throughobetion of
NDCs, the date the prescription was filled, and the number of days for which the
prescription was supplied. The date of prescription fill and days supplied fofikaas
used to estimate the days on which cases or controls were exposed to prescription
medication. Cases or controls were considered to be exposed in the 180 days preceding
the diagnosis date for cases or 180 days preceding the assigned index datedlsritont
they had exposure to a prescription drug for at least one day within the time pseod. U
of antimotility agents was examined by identifying the use of these drioggh the 180
days preceding but not including the diagnosis date for cases and index date for,controls

and within the 180 days following diagnosis date for CA-CDI cases.
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Identification of Prescription Medications

Prescription medications received by study subjects between January 1n@003 a
December 31, 2007 were identified by National Drug Codes on outpatient prescription
drug claims. During the study time period, there were 55,662 total paid inswlaims
for prescription drugs for CA-CDI cases, while control subjects had 79,499 paid
prescription drug claims. Among these claims, there were 4,065 unique NDCs coded
within the case population claims and 4,744 unique codes within the control population
claims. These NDC codes were matched to three medication classifisgstems to
identify prescription drugs: Multum Lexicon® (227), RxNorm® (228) , Red Book®
(229) . After comparing the NDC codes on prescription drug claims for CA-Gekda
these databases, we were able to identify prescription drugs on 54,679 out of 55,662
claims (98.23%) utilizing the Multum Lexicon; 53,423 out of 55,662 claims (95.98%)
codes utilizing RxNorm; and 55,452 out of 55,662 claims (99.62%) utilizing Red Book.
For control subjects, we were able to identify prescription drugs for 78,340 out of 79,499
claims (98.54%) utilizing the Multum Lexicon; 76,071 out of 79,499 claims (95.69%)
codes utilizing RxNorm; and, 79,303 out of 79,499 claims (99.75%) utilizing Red Book.
Although we were not able to identify all prescription drugs, the rate of NDC code
identification was extremely high and adequately identified drugs thatspecified of

interest in this study.

Antimicrobial Medications

This study aimed to assess the associations between the use of specific
antimicrobial drugs and/or classes and CA-CDI. This knowledge is importahefor t
development of interventions, such as appropriate prescribing practices, vayich m
prevent CA-CDI. Timing of antimicrobial use prior to CDI diagnosis wassasskto
determine the at-risk period for CA-CDI following the use of antimicrolgeh¢s. The

total number of different antimicrobial drugs was also examined to detewhigtber
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exposure to a greater number of antimicrobial agents increased risk for CAt@herF
analyses were conducted to describe the duration of antimicrobial use amesmgrahs
controls.

Antimicrobial use was first examined through the creation of indicatorblasia
representing ever- or never-use for each antimicrobial agent and/or apbiiaiclass.
The prevalence of use of specific antimicrobial agents among casesnamdsomas
calculated using these indicator variables. Specific antimicrobials aniertbial classes
included aminoglycosides, beta-lactamase inhibitors, cephalosporins, clindamyc
fluorogquinolones, macrolides, penicillins, sulfonamides, tetracyclines, and mbtzs/e
vancomycin. In addition to examining which antimicrobials are more strasgigciated
with CA-CDI, this analysis was utilized to assess whether thalagntimicrobials
identified in this study were different from those most commonly-citeatior studies
(i.e., clindamycin, cephalosporins, penicillins, and fluoroquinolones) (16, 24, 37).
Antimicrobial drugs and their corresponding classes are shown in Table 2.

The timing of most recent use of any antimicrobial in relation to CDI diagnos
date (or index date for controls) was categorized as use in the 1 to 30 days prior t
diagnosis or index date, in the 31 to 60 days prior to diagnosis/index date, in the 61 to 90
days prior to diagnosis/index date, in the 91 to 120 days prior to diagnosis/index date, in
the 121 to 150 days prior to diagnosis/index date, and in the 151 to 180 days prior to
diagnosis/index date. To program these measures of antimicrobial use, eacldpgrson-
of use for any antimicrobial drug was classified according to thesgoci of timing of
use. Subjects were categorized into one of these mutually exclusive groups b&sad on t
most recent use of an antimicrobial agent in relation to diagnosis or index date was
classified within that timing category.

The total number of different antimicrobial agents prescribed to and fillecdty
case or control was calculated and compared among study groups. The numbesof agent

was calculated by identifying each individual antimicrobial from presonpdrug claims
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data and summing the number of different agents used during the 180 days prior to
diagnosis date for cases and index date for controls.

The number of days for which antimicrobials were prescribed and filled was
utilized as a descriptive statistic. The duration of antimicrobial use Wadatad as the
sum of antimicrobial drug-days supplied in the 180 days up to but not including the
diagnosis date for cases and index date for controls and was analyzed asu@gsnti
variable.

For all analyses of antimicrobial use, the use of topical or ophthalmic
antimicrobials was excluded because these antimicrobials do not disrupt nolona c
flora and, therefore, are not related to the acquisition of CDI. In addition, nuztzote
and oral vancomycin use were not included in risk factor analysis, since thgsedu

both utilized as treatments for CDI.

Gastric Acid Suppressants

The use of gastric acid suppressants has been linked with CDI in some studies,
but not in others. This study aimed to determine if gastric acid suppressamntneases
the risk for CA-CDI and if this risk varies based on time since lastpteoka gastric
acid suppressant. Indicator variables were created to represent everrarseevkeproton
pump inhibitors (PPI) and histamine-2 receptor antagonis)(id the 180 days prior to
but not including the diagnosis date for cases or index date for controls. The prevalence
of use of these medications and the use of any gastric acid suppressanemais et
through the use of these indicator variables. Classes of gastric acid sugprasdahe
medications corresponding to these classes are included in Table 3.

The timing of gastric acid suppressant use in relation to the CDI diagladsigor
index date for controls) was assessed to determine the at-risk period-oDCA
following use of these medications. Timing of the most recent use of anig gastr

suppressant was categorized as use in the 1 to 30 days prior to diagnosis or index date
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use in the 31 to 60 days prior to diagnosis/index date, use in the 61 to 90 days prior to
diagnosis/index date, use in the 91 to 120 days prior to diagnosis/index date, use in the
121 to 150 days prior to diagnosis/index date, and use in the 151 to 180 days prior to
diagnosis/index date. Each person-day of use for any of these drugs wésdlassi
according to these categories. Subjects were categorized into each mutlafiive

group based on their most recent use of a gastric acid suppressant in relaagnasisli

or index date was classified within that group.

Antimotility Agents

This study examined outpatient use of antimotility agents in the 180 days prior to
diagnosis date for CA-CDI cases and index date for controls and in the 180 days
following diagnosis among CA-CDI cases. Use of these agents was detkthrimegh
NDC codes for the following agents: diphenoxylate (Lomotil) and loperamide
(Immodium) (Table 3). Antimotility agent use was coded and analyzed as aatandic
variable representing ever/never use of these medications. The prevalantmofility
agent use was assessed through a series of indicator variables.

This study hypothesized that there is no association between the use of
antimotility agents and development of CDI. Rather, previously-reportediatssios are
most likely explained by reverse causality, such that it is presumeeXipasure to these
drugs does not typically precede exposur€.tdifficile or CDI symptom onset and
patients receive antimotility agents to alleviate symptoms of actigetion (213, 214).
To determine the true nature of this association, the risk associated wihtamgtility
agent use was assessed by univariate and multivariate analysis torteetbani
unadjusted and adjusted risk related to their use.

The timing of antimotility agent use in relation to diagnosis for CA-CDI casds
index date for controls was examined to determine if risk due to antimotility aggeig

consistent over time. Consistently elevated risk estimates for tiatagaries would
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suggest a true association. In turn, a sudden decrease in risk over time wouldteaggest
these medications were used for alleviation of symptoms of CDI and weréated te
infection. If the latter is true, observed associations between antimagktyts and CA-

CDI would be due to reverse causality. The timing of use of antimotilitytageas
categorized as most recent use in the 1 to 7 days prior to diagnosis or ingdex ttiat8

to 30 days prior to diagnosis/index date, in the 31 to 60 days prior to diagnosis/index
date, in the 61 to 90 days prior to diagnosis/index date, in the 91 to 120 days prior to
diagnosis/index date, in the 121 to 150 days prior to diagnosis/index date, and in the 151
to 180 days prior to diagnosis/index date. Finally, use of antimotility agents ifadilow
diagnosis was assessed descriptively and as a potential predictor oé aaeosnes

among CA-CDI cases.

Comorbidity Measures
The presence of comorbid conditions was determined for all cases and controls
based on diagnoses codes recorded on inpatient and outpatient claims in the year up to

but not including the diagnosis date for cases and the index date for controls.

Charlson Comorbidity Index

Underlying severe illness is associated with CDI, although some invessiga
have hypothesized that cases in the community setting may be younger and nlaghave
comorbidity than cases in the hospital setting. Comorbidities, in general, ar@aimedic
conditions that are underlying the primary iliness for which a person is seekiiigame
attention (230). These medical conditions increase a person’s total burden of, disease
likely to contribute to risk of complications or death, and may affect physicianecbbic
treatment for other illness (230). When trying to account for these conditions iraimedic
research, it is often difficult to include individual comorbid conditions in one statist
model due to the concern for overfitting (231-233). To address this issue and to account

for underlying illness in CDI cases and control, the collective effect afpteitomorbid
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conditions was assessed through the use of Deyo-Charlson Comorbidity Index with a
modification outlined by Klabunde et al (234, 235).

The Charlson Comorbidity Index was first developed as a weighted index which
was shown to predict one-year mortality in a small cohort of hospitalized p4f86ts
237). The index assigns a weight to each of 19 conditions based on their potential for
increasing the likelihood of death. Each patient’s specific conditions are ieenaf
which point the weights for comorbidities are added to serve as a summarylsisre
summary score takes into account both the number of conditions and the risk associated
with these conditions into account. A higher score represents higher levels of cotyorbidi
(236). Deyo et al. adapted this index for use with ICD-9-CM diagnosis and procedure
codes; consequently, the Deyo-Charlson Comorbidity Index is widely used irsstudie
conducted in administrative databases and has been shown to be predictive of adverse
outcomes such as substantial increases in length of stay, hospital charges, and
mortality.(238). A complete listing of comorbid conditions included in the Deyo-
Charlson Comorbidity Index, the associated ICD-9 codes, and weighting of conditions
within the index are included in Table 4.

The Deyo-Charlson Comorbidity Index was initially developed and validated for
research using inpatient medical claims. To address this limitatiobykde et al.
developed revised methods based on the Charlson Comorbidity Index but extended its
application to outpatient physician claims. In this modification, a comorbid comdkti
considered “present” if the ICD-9 code corresponding to a comorbid conditioreds dist
a primary or secondary diagnosis on one inpatient claim or on two outpatient claims
occurring 30 or more days apatrt in the year prior to diagnosis date for casex alatede

for controls (234, 235).



67

Gastrointestinal Comorbid Conditions

Several gastrointestinal comorbidities are of interest as independeictigisf
for CDI. Gastrointestinal comorbidities of interest include inflammatbawel disease
(includes Crohn’s disease and ulcerative colitis), diverticular disease, and
gastroesophageal reflux disease (GERD). A literature review was ceddadtientify
ICD-9 codes associated with these conditions. Primary or secondary deghose
gastrointestinal conditions were identified on inpatient and outpatient claithsjeae
subsequently coded as dichotomous variables representing the presence orodbsence
each respective comorbidity. Gastrointestinal conditions were considessaiptif the
corresponding ICD-9 code was either listed as a diagnosis on one inpatierdgrcéaim
diagnosis on two outpatient claims occurring 30 or more days apart in the year prior to
diagnosis date for cases or index date for controls (234). Relevant diagnosis codes for

gastrointestinal conditions are listed in Table 5.

History of Hospitalization

Acquisition ofC. difficileis common within hospitals; therefore, a history of
hospitalization may provide insight into the source of this pathogen even in cases with
CA-CDI. History of hospitalization was defined as ever or never beinpatiged from a
hospital in the time period from 84 to 365 days (i.e., 12 weeks to one year) prior to
diagnosis date for cases or index date for controls, as determined by inpatieance
claims. This time period was necessary to account for the case definition@DGA-
which required that cases not have a history of hospitalization in the 12 weeks (84 days)

prior to diagnosis.

Age
Advanced age has been consistently related with HA-CDI, thus thisatudy
to determine if this same is true for CA-CDI. Age was ascertainedrfrembership data

files. Birth year was present in membership information; therefoeswag calculated as
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the difference between birth year and the year in which a case subjecagrassdid with
CDI or the year of the index date for a control subject. This study providedpdescr
statistics for age and categorized age for risk factor analysis. Agjeategorized as ‘less

than 18 years’, '19-49 years’, '50-64 years’, ‘65-74 years’, and ‘75 yeargategr.

Covariates

Gender
Gender was obtained from membership information for cases and controls, and

was categorized and coded as an indicator variable for ‘male’ or #&mal

Healthcare Utilization

Healthcare utilization was measured by the number of outpatient physiatan vis
in the year (365 days) prior to but not including the diagnosis date for cases andxhe inde
date for controls. Physician visit data were ascertained from outpatieratrinswglaims,
and the number of outpatient visits was modeled as a continuous variable. This variable

was included in the analysis to serve as another measure of underlying ta¢adth s

Assessment of Adverse OQutcomes

Potential adverse outcomes of CDI include surgical intervention, subsequent
hospitalization related to CDI, and additional treatment due to presumed recurrent or
relapsing infection. Surgical procedures that are included as adversmesitcbCDI
were identified through literature review and include the following cohegt
procedures: partial or subtotal colectomy, cecal colectomy, left colon@wmigcmultiple
segmental colectomy, right colon colectomy, sigmoid colectomy, subtotal colecdathy
transverse colon colectomy (176). Of note, subtotal colectomy is the surgrudust of
care for patients with complicat€l difficile colitis (219). Surgical procedures related to

CDI were identified through ICD-9 procedure codes on inpatient insurance darng
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the 180 days following CDI diagnosis, and the presence or absence of a procedure was
analyzed as an indicator variable.

Subsequent hospitalization related to CDI was defined as an admission to a
healthcare facility with a primary diagnosis of ICD-9 code 008.45 occurring onitilaé
date of diagnosis or within 8 weeks (i.e., 56 or fewer days) of this date. These events
were categorized as ever hospitalized due to CDI or never hospitalized duk to CD

The use of either metronidazole or oral vancomycin after initial therap in
180 days following the diagnosis date was assessed to identify prolonged need for
treatment and to explore the potential use of these measures as afanaCkHr

recurrence or relapse.

Statistical Methods

All analyses were conducted using SAS version 9.2 (SAS Institute Inc,, Cary
NC). Two-tailed tests were used to determine statistical signtécamth the Type |
error rate ¢) set at 0.05. Two-sample statistical comparisons of continuous variables
were conducted utilizing the Student’s t-test, while statistical cosgegifor categorical
variables were conducted using the chi-squared test. The Fisher’'s ska@deised for

the statistical comparison of categorical variables with small sasig#s.

Specific Aim | Statistical Analysis
To apply case definitions for community-associated and hospital-acquired
C. difficile infection in an insured population over the period from 2004 to
2007. To provide incidence rate estimates for the study period and
descriptive statistics for cases of community-associated and hospital-

acquired C. difficile infection.
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Description of Cohort and Application of Case Definitions

The distributions of age and gender for the entire study cohort were determined
from membership information. Cases were identified based on diagnosis information
provided on inpatient and outpatient claims. Membership and insurance claims @ata wer
accessed for persons with an inpatient or outpatient diagnosis of ICD-9 code 008.45.
After identification of persons with CDI, case definitions were applied bynéxng
place of service in which CDI was diagnosed and history of hospitalization prior to
diagnosis date. The history of hospitalization was ascertained from inpaserance
claims and was classified as no hospitalization, discharge from a hosp@alfour
weeks prior to diagnosis, discharge four to twelve weeks prior to diagnosis, amatgksc
over twelve weeks prior to diagnosis.

Exploratory analysis was conducted to determine if CDI cases had und€rgone
difficile diagnostic testing in the 180 days prior to the appearance of ICD-9 code 008.45
on an insurance claim. This analysis was intended to provide further information about
the potential for delayed identification and diagnosis of CDI within insuraagesl
Diagnostic testing was identified by the following CPT codes: 87230 (toxantd@oxin
assay, tissue culture); 87493 (Infectious agent detection by nucleic acdddiCRNA);
Clostridium difficile toxin gene(s), amplified probe technique); 87803 (antigen detection
by immunoassayClostridium difficiletoxin A); and, 87324 (Infectious agent antigen
enzyme immunoassay techniq@ostridium difficiletoxin). Descriptive statistics were
conducted to provide the number of cases who unde@udtifficile testing prior to
ICD-9 code diagnosis and the duration of time betweedifficile testing and the

appearance of ICD-9 code 008.45.

Calculation of Incidence Rates

Incidence rates for first occurrence of community-associated and hospital-

acquired CDI were calculated for all years from 2004 to 2007. Incidensewate
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calculated as the number of persons meeting the case definitions for Caéy-Cie

number of persons meeting the case definition for HA-CDI per 100,000 person-years of
observation time. The denominator data for the incidence rates included th®atsdire
Repository population and were calculated based on observation time for eachqerson f
each year. The monthly incidence of CA-CDI and HA-CDI were also ledri) these
incidence estimates were utilized to describe potential seasonahty att¢urrence of

CDIL.

Description of Community-associated and Hospital-

acquired CDI Cases

Summary statistics were calculated for the demographic chassicteri
healthcare utilization, comorbid conditions, and medication use of CA-CDI and HA-CDI
cases. The mean, median, range, and standard deviation were calculatedrfioousnt
variables (including age, Charlson Comorbidity Index score, number of antinailsrobi
utilized). Mean values for continuous variables were statistically comhpahe
frequency and distribution of categorical variables (including age categgerder, use
of specific medications, specific Charlson comorbid conditions, and presence of
gastrointestinal conditions) were examined and compared among CARAHA-CDI

cases.

Specific Aim |l Statistical Analysis
To identify patient-related risk factors for CA-CDI in an insured

population.

Description of Community-associated CDI Cases and

Corresponding Controls

Summary statistics were calculated for the demographic chasticte

healthcare utilization, clinical characteristics, and medication use €€0lAcases and



72

controls. The mean, median, range, and standard deviation were calculated fhorocsnti
variables (including age, number of primary care visits, Charlson Comorlidiy

score, number of antimicrobials utilized, and duration of antimicrobial use). Magsval
for continuous variables were statistically compared. The frequency andudistr of
categorical variables (including age categories, gender, use dispksses of
medications, timing of antimicrobial and gastric acid suppressant us@imjastinal
conditions, and history of hospitalization) were examined and statisticallyazech

among case and control subjects.

Univariate and Multivariate Modeling Procedures

Conditional logistic regression methods were necessary for both univariate and
multivariate modeling to account for matching of cases and controls on dateriataiva
conditional logistic regression was used to estimate the crude odds ratios and
corresponding 95% confidence intervals for the associations between CARGDI
specific antimicrobial use, the number of antimicrobial agents prescriteedf agy
gastric acid suppressant, comorbidity, gastrointestinal disease, histmypifalization,
healthcare utilization, age (in categories), and gender. In univaridgses)dhe timing
of antimicrobial and gastric acid suppressant use were assessegfrias af indicator
variables utilizing ‘no use in the prior 180 days’ as the reference group.grticaince
of univariate associations was assessed through the use of 95% confidenaksinte
confidence intervals not including one were considered statistically sagrtific
Univariate models for the use of antimotility agents and the timing of ube s t
medications were also constructed, and were utilized to determine whetler a t
association exists or whether potential associations may be due to protoestiiiebi
reverse causality).

Multivariate conditional logistic regression models were utilized to estirmdds

ratios and 95% confidence intervals for all predictor variables after adjostor all
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other covariates. Demographic characteristics, healthcare utilizatiooyisid
conditions, and medication use were included in these multivariate models based on prior
knowledge and prevalence among study groups. Demographic characteristics and
healthcare utilization measures assessed in multivariate models inchejeptader,
history of hospitalization in the prior 365 days, and number of outpatient physicign visit
within the prior year. Age was assessed as a risk factor for CA-CDe, atvanced age
is a risk factor in numerous, prior studies. History of hospitalization veasdied in the
models to assess the effect of exposure to medications and to the pathogenliself in t
hospital setting, neither of which could be measured directly in this study. The noimber
outpatient visits served as a measure of underlying health status and healthcar
utilization. The Charlson Comorbidity Index and gastrointestinal comorbid conditions
(i.e., IBD, diverticular disease, and GERD) were included in the multteamnadels to
assess the effect of underlying comorbidity and gastrointestinakdiseahe risk of CA-
CDI and to control for confounding by indication. Only specific antimicrobiah&sge
and/or classes that were prescribed sufficiently often among thegtugys were
included in multivariate modeling. Drugs modeled in multivariate analysisdadt
clindamycin, penicillins, beta-lactamase/beta-lactamase inhilmtobinations,
cephalosporins, fluoroquinolones, macrolides, penicillins, sulfonamides, and
tetracyclines. Multivariate models were constructed separatelgéssathe use of
specific antimicrobials or antimicrobial classes, timing of antimictalsa, and the total
number of antimicrobial agents. These models were also utilized to determaifethbe
of any gastric acid suppressant use. Separate models were utilizedroraetbe
effects of the use of antimotility agents and to assess the timing ob&htjnagent use.

In all multivariate models, confounding was assessed for variables that were
potentially related to the outcome and to other predictor variables. Variabkes wer
considered to be potential confounders if they were deemed plausible through a priori

knowledge of the association of a confounder with other exposures and with CA-CDI or
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if they were significantly correlated with other predictor variables attd@A-CDI at a
p-value < 0.20. Confounding variables were controlled for in the analysis by inclusion in
multivariate models.

Interaction between antimicrobial use and gastric acid suppressant use was
assessed to determine whether the effect of one exposure on acquisition ofl CA-CD
depends on the presence of the other exposure. Multiplicative interaction was examine
by comparing observed and expected joint effects of antimicrobial use and geisl
suppressants obtained from a logistic regression model including these vafibbles
expected joint odds ratio is estimated as the multiplication of independent odddfratios
the expected joint odds ratio is similar to the observed joint odds ratio, interaction is not
present or is weak. In addition, the statistical significance of an ititeraerm for
antimicrobial use and gastric acid suppressant use was tested in a tegigssion
model including main effects and the interaction term. A p-value of less than 0.05 for the
interaction term is considered statistically significant, sugge#tiaithese two terms
interact.

The use of multiple multivariate models was considered to be the most effective
approach to addressing the specific aims of this study, while controlliadj for
hypothesized risk factors for CA-CDI, covariates, and potential confoundiraygaCt

statistics were calculated to determine the predictive ability ofalivariate models.

Sensitivity Analyses

Sensitivity analyses were conducted to determine whether the risktestima
obtained from multivariate models are robust following examination of potential
measurement error in the study case definition and examination of the poteetddl rol
protopathic bias. First, sensitivity analyses were conducted to determaretfon in the
case definition results in different estimates than those provided by theamate

models in the primary analysis. In this analysis, CA-CDI was defsetprimary or
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secondary diagnosis of ICD-9 code 008.45 in the outpatient setting without a history of
being discharged from a hospital during the 12 weeks prior to diagnosis (i.e., egcludi
cases whose CDI diagnosis occurred in the hospital). This alternate cagedefi
provided a more conservative approach to the classification of cases thandhatthee
primary analysis since it assumes that all community-associatexiwasediagnosed in
the outpatient setting following a period of 12 or more weeks without hosaitahz
Summary statistics were calculated to identify potential differeincé® descriptive
information for this case group in comparison to all cases included in the main study.
Univariate and multivariate analyses were conducted for all study riskgdao
determine if the use of an alternate case definition effected riskages.

Another sensitivity analysis excluded CA-CDI cases who: (1) had a diagofasi
gastrointestinal condition in the one year prior to diagnosis of CDI; or, (2) hiatbay
of hospitalization within 6 months prior to diagnosis; or, (3) underwent outpatient
dialysis or chemotherapy in the 1 year prior to diagnosis. The cases nagtiobthese
criteria may not be homogeneous with others in the study population in regard $e disea
surveillance or exposure @ difficile itself. Cases with gastrointestinal conditions may
have pharmacologic exposures for treatment of their disease which are cibt dire
measured in this study but may be related to CDI. In addition, persons with
gastrointestinal conditions may present with symptoms of their diseasedlsatilar to
those of CDI. Thus, clinicians may have a higher degree of diagnostic suspiaittmges
in differential surveillance for CDI within this population. The exclusion of thases
also acknowledges the potential that exposures during hospitalization may iisipéat r
CDI longer than suspected, thus leading to misclassification of cases as communi
associated when their infection is actually related to exposures in the hesibita.
Finally, the exclusion of persons undergoing outpatient dialysis or chemotherapy
acknowledges that, although these persons are not admitted to a healthcaretiiegilit

may have increased opportunity of exposur€ .tdifficile due to frequent visits to
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healthcare facilities. Persons undergoing outpatient dialysis werdiabtebty the

following Current Procedural Terminology (CPT) codes: 90935, 90936, 90937, and
90999 (239). Persons undergoing outpatient chemotherapy were identified by the
following ICD-9 and Healthcare Common Procedure Coding System (HCRG&) tor
administration of chemotherapy: ICD-9 diagnosis code V58.1; ICD-9 procedure code
99.25; and HCPCS codes 964xx, 965xx, and Q0083-Q0085. Controls corresponding to
excluded cases were also excluded from analysis. All exposure ascertaused in the
primary analysis remained the same for cases and controls, except, diistory
hospitalization for controls was redefined as discharge from a hospital agaarthe

time period between 180 and 365 days (i.e., 6 months to one year) prior to index date.
Summary statistics were calculated to identify potential differeinci® descriptive
information for this case group in comparison to all cases included in the main study.
Univariate and multivariate analyses were conducted for all study riskgao

determine if these exclusions effected risk estimates.

An additional sensitivity analysis was performed to determine whether the
redefinition of diagnosis date and the resultant shift in the time window for @epos
assessment affected risk estimates obtained from multivariateingpdéiis analysis
assumed that cases had symptoms of CDI earlier than identified by irsalants if
they had recent history of treatment of CDI infection, use of medicationdéeragion of
CDI symptoms, or diarrheal disease. These cases had: (1) a prescripga@hadn
listing an NDC code associated with antimotility agents in the 180 deys@r
diagnosis; or, (2) a prescription drug claim listing an NDC code assbevdteoral
vancomyecin in the 180 days prior to diagnosis; or, (3) a diagnosis of non-specific
diarrheal disease on inpatient or outpatient claims in the 180 days prior to the origina
diagnosis date. The diagnosis date for cases who met any of thes® watereassigned
as either the date of the first prescription or the date of the diagnosisspiecdit

diarrheal disease. The CA-CDI case definition from the main analgsisagain applied
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such that cases with a history of discharge from a hospital within 12 weeks ofitleel re
diagnosis date were excluded from this analysis. Assessment of medizgtisare was
conducted in the 180 days prior to the revised diagnosis dates for cases, while
comorbidity and healthcare utilization were measured in the 365 days prior tot¢his da
The index date for controls was not adjusted to account for these revised diagnosis dates
although it is unlikely that this impacted the risk estimates obtained from thysiana
Non-specific diarrheal diseases were identified by the following9Giddes: 008.49,

008.5, 008.69, 008.8, 009.x, 558.x, 787.9, and 787.91 (240). Summary statistics were
calculated to identify potential differences in the descriptive informatiothi® case

group in comparison to all cases included in the main study. Univariate and matiivari
analyses were conducted for cases with and without revised diagnosis datesudya

risk factors to determine if the redefinition of diagnosis date impactedstishates. It

should be noted that, although metronidazole is also a treatment for CDI, its use was not
assessed in this analysis because this drug can be used for other indications in the
outpatient setting. The inclusion of metronidazole use in this analysis waderedsi
although it was felt that concurrent diagnosis of diarrheal disease and metotanida
prescription would be required to make valid assumptions about delayed diagnosis, thus

the use of diagnosis of diarrheal use accounts for these individuals.

Power Calculation

The statistical power of this study was calculated utilizing the numbeA«Z QI
cases identified in the study population. Statistical power was calculatedhyg the
minimum significant risk estimates we were able to detect, using a ti&d-tast with an
a of 0.05, and a control to case ratio of 10:1. For this study, the expected exposute rate,
was set to 0.20, since preliminary results revealed that roughly one-fourthyof stud

participants utilized an antimicrobial drugs during the study period. The poweetd det
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was 96.2% for an OR of 2.0; 93.1% for an OR of 1.9; 87.9% for an OR of 1.8; 80.1% for
an OR of 1.7; 69.4% for an OR of 1.6; and, 56% for an OR of 1.5.

Specific Aim 1ll Statistical Analysis
To describe adverse health outcomes of CA-CDI and to explore potential

risk factors for these outcomes in persons with CA-CDI.

Identification and Description of Adverse Health Outcomes

in CA-CDI Cases

Adverse outcomes occurring among persons with CA-CDI in the 180 days
following diagnosis were identified through ICD-9 codes on inpatient and outpatient
insurance claims. Surgical procedures were identified and dichotomized exsceres
absence. The following procedures and associated codes were identified: 45.79
(partial/subtotal), 45.72 (cecal), 45.75 (left colon), 45.71 (multiple segmental), 45.73
(right colon), 45.76 (sigmoid), 45.8 (subtotal), and 45.74 (transverse colon) (176).

Subsequent hospitalization related to CDI was defined as an admission to a
healthcare facility with a primary diagnosis of ICD-9 code 008.45 on the date of
diagnosis or within 8 weeks (i.e., 56 or fewer days) of diagnosis date. These events wer
determined from inpatient claims and were analyzed as a dichotomous variable
representing ‘ever admitted for CDI’ or ‘never admitted for CDI'.

Use of metronidazole or oral vancomycin in the 180 days following diagnosis
date was defined as the presence or absence of NDC codes for these medications on
outpatient prescription drug claims. The receipt of these prescription mewlscaas

categorized as ‘ever received’ or ‘never received’.
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Use of Antimotility Agents among CA-CDI Cases

Following Diagnosis

Use of antimotility agents among CA-CDI cases in the 180 days following
diagnosis date was assessed through the NDC codes for atropine-diphenoxlylate a
loperamide on outpatient prescription drug claims. Inpatient use of thesatiedic
could not be ascertained from prescription drug claims. Receipt of these drugsdeds
as an indicator variable for ever or never prescribed antimotility agetitsitime

period.

Statistical Analysis of Adverse Outcomes Associated with

CA-CDI

The absolute number of cases with outcomes was reported and rates for these
outcomes were calculated. Descriptive summary statistics of all studiplea were
calculated for CA-CDI cases who experienced adverse health outcomesedhg
range, and standard deviation were calculated for continuous variables. Thadyeojue
categorical variables among these cases was also examined.

The time period between diagnosis of CDI and the occurrence of outcomes for
cases was calculated and reported as the mean and the median dage siiaggosis
date for CA-CDI to the date of the surgical procedure or the admisseifodat
subsequent hospitalization. The proportion of cases to undergo surgical intervention was
calculated and reported as the number of CA-CDI cases undergoing surgiedlpesc
associated with CDI divided by the total number of CA-CDI cases. In turn,dpertion
of cases who were subsequently hospitalized was calculated as the nu@BeCDf
cases who were admitted due to CDI divided by the total number of first-oamirren
cases of CA-CDI in this population.

The absolute number of CA-CDI cases receiving metronidazole and/or oral

vancomycin after initial therapy in the 180 days following diagnosis was egpdint
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addition, statistics describing the use of these medications by CA#&38% included the
mean number of prescriptions received per case following initial thettepyange of
time over which these prescriptions were utilized, and the mean time betwgeosita
and date of prescription fill.

Demographic characteristics, healthcare resource utilization,atlinic
characteristics, and medication use for cases with subsequent hosjptaleat
compared to those of cases without subsequent hospitalization. The prevalence of
antimotility agent use among these two groups of CA-CDI cases was dstedeand

statistically compared.
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Table 1. Age and Gender Distribution of PersonsIncluded in the Data Repository,

2003-2007.

Age Category (in years)

<18 years

19 to 49 years

50 to 64 years

65 to 74 years

75+ years

Female
Male
Female
Male
Female
Male
Female
Male
Female
Male

% of Total Population (N)

14.4 (122,913)
13.7 (116,932)
23.8 (203,665)
22.9 (196,039)
11.0 (93,724)
11.4 (97,420)
1.1 (9,023)
1.1 (9,400)
0.3 (2,284)
0.3 (2,968)




Table 2. Antimicrobial Classes and Drugs Prescribed to Personswithin the Study

Population.
Antimicrobial Class Antimicrobial Drug
Aminoglycosides Gentamycin
Neomycin
Tobramycin
Beta-lactamase I nhibitors Amoxicillin-clavulanate
Cephalosporins
First-generation Cephalexin
Cefadroxil
Second-generation Cefprozil
Cefuroxime
Cefoxitin
Cefaclor
Loracarbef
Third-generation Cefdinir
Cefditoren
Cefixime

Cefpodoxime
Ceftriaxone
Lincomycin Derivatives Clindamycin
Fluor oquinolones Gatifloxacin
Levofloxacin
Moxifloxacin
Ciprofloxacin
Norfloxacin
Ofloxacin
Macrolides Azithromycin
Clarithromycin
Erythromycin
Telithromycin
Penicillins Amoxicillin
Ampicillin
Penicillin
Dicloxacillin




Table 2. continued
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Rifamycin derivatives
Sulfonamides
Tetracyclines

Miscellaneous Antimicrobials

Rifampin
Trimethoprim-sulfamethoxazole
Tetracycline

Minocycline

Doxycycline

Intravenous Vancomycin




Table 3. Gastric Acid Suppressants and Antimotility Agents.

Drug Class

M edication

Proton Pump Inhibitors

H>-Receptor Antagonists

Antimotility/Antidiarrheal Agents

Esomeprazole
Lansoprazole
Omeprazole
Pantoprazole
Rabeprazole
Cimetidine
Famotidine
Nizatidine
Ranitidine
Atropine-diphenoxylate (Lomotil)
Loperamide

84



85

Table 4. Chronic Comorbid Conditionsincluded in the Deyo-Charlson Comor bidity
Index and Corresponding | CD-9 Codes.

Comorbid Condition®* |CD-9% Codes Index Weight®®
Acute Myocardial Infarction 410.x 1
Old Myocardial Infarction 412.x 1
Congestive Heart Failure 428.x 1
Peripheral Vascular Disease 443.9, 441 .x, 785.4, V43.4 1

Procedure: 38.13, 38.14, 38.16,
38.18, 38.33, 38.34, 38.36,
38.38, 38.43, 38.44, 38.46,
38.48, 39.22-39.26, 39.28,

39.29

Cerebrovascular Disease 430.x-438.x 1
Procedure: 38.12, 38.42

Chronic Pulmonary Disease 490.x-496.x, 500.x-505.x, 1
506.4

Dementia 290.x 1

Rheumatic Disease 710.0, 710.1, 710.4, 714.0- 1
714.2,714.81, 725.X

Peptic Ulcer Disease 531.x-534.x

Mild Liver Disease 571.2,571.4-571.6

Diabetes without chronic complications  250.0-250.3, 250.7

Diabetes with chronic complications 250.4-250.6, 250.8-250.9 2

Hemiplagia or Paraplegia 342.x, 344.1 2

Chronic Renal Failure 582.x, 583-583.7, 585.x, 586.X, 2
588.x

Any Malignancy 140.x-172.x, 174.x-195.8, 2
200.x-208.x

Moderate or Severe Liver Disease 456.0-456.21, 572.2-572.8 3
Procedure: 39.1, 42.91

Metastatic Solid Tumor 196.x-199.1 6

AIDS/HIV 042.x-0.44x 6

2 |CD-9=International Classification of Disease, Ninth Revision
b Charlson ME, et al. J Chronic Dis. 1987;40:373—-383.
¢ Klabunde C.N., et al. J Clin Epidemiol. 2000;53:1258-67.

4 Including lymphoma and leukemia, except malignant neoplasm of skin
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Table5. Gastrointestinal Conditions and Corresponding | CD-9 Codes.

Gastrointestinal Condition |CD-9* Codes
Inflammatory Bowel Disease (IBB) 555.0-555.9, 556-556.9
Diverticular Diseask 562.10, 562.11

Gastroesophageal Reflux Disease (GERD)530.1, 530.10, 530.11, 530.12, 530.19, 530.81,
787.1-787.29, 251-251.9

& |ICD-9=International Classification of Disease, Ninth Revision
® Includes Crohn’s disease and ulcerative colitis

“ Nguyen GC, et al. Am J Gastroenterol. 2008;1:1443-50.
dWeber WP, et al. Arch Surg. 2007;142:253-9.

®Brook RA, et al. Aliment Pharmacol Ther. 2007 ;26:889-98
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CHAPTER FOUR - RESULTS

Overview

This chapter details the results of this study. First, the results ofieelef
potential CDI cases, classification of these cases according to tlyecateldefinitions,
and the calculation of incidence rates are presented. This section also induiteofe
the statistical comparison of the characteristics of CA-CDI and HAe@Bes. Second,
this chapter describes the nested case-control study population, theatatstiparison
of cases and controls, and the results of risk factor assessment for CAxEGllY, this
chapter describes adverse health outcomes experienced by CA-CDAm@dss&mines
the use of antimotility agents. Characteristics of cases experiembiagsa outcomes and

risk factors related to these outcomes are also reported.

Specific Aim | Results

To apply case definitions for community-associated and hospital-acquired C. difficile
infection in an insured population over the period from 2004 to 2007. To provide
incidence rate estimates for the study period and descriptive statistics ferafase

community-associated and hospital-acquired C. difficile infection.

Selection of Cases and Application of Case Definitions

During the study time period, 1,172 diagnoses of ICD-9 code 008.45 were
identified. Of these diagnoses, 1,039 represented the first occurrence of @bl for
individual patient. Three-hundred fifty-five potential cases were excludetdor t
following reasons: less than 12 months of observation time prior to diagnosis date
(n=281); lack of complete longitudinal health and drug coverage (n=4); CDI diabimose
a long-term care facility (n=21); history of long-term care insurataies in the six
months prior to CDI diagnosis (n=49). After the application of inclusion and exclusion

criteria, 684 cases @. difficile were eligible for the study (Figure 1). Of these cases, 304
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cases met the definition for CA-CDI, 338 cases met the definition for HA-&1l 42
cases met the definition for indeterminate infection (Figure 2).

Exploratory analysis was conducted to identify the first occurrenCe difficile
diagnostic testing in the 180 days prior to the appearance of ICD-9 code 008atg Am
304 CA-CDI cases, 73 cases underwenC9difficile tests prior to diagnosis on an
insurance claim, in comparison to 29 HA-CDI cases undergoirity 8#ficile tests.

After limiting these observations to the first occurrence of testingCOAcases

underwent testing, on average, 27.7 days prior to diagnosis (Range: 1 to 178 days).
Despite the wide range in days, 25% of CA-CDI cases underwent testingoinléys

prior to diagnosis, and 75% underwent testing within the previous 35 days. Furthermore,
HA-CDI cases underwent initial testing, on average, 28.1 days prior to diagnasie(Ra

1 to 165 days). Although testing occurred over a wide range of time, 25% of HA-CDI
cases underwent testing in the 5 days prior to diagnosis, and 75% underwent testing

within the previous 33 days.

Incidence ofClostridium difficilelnfection

Incidence rates were calculated for all years within the study tinedp@iable 6
outlines the number of incident CA-CDI and HA-CDI cases for each year dbang t
study period, the total number of person-years for each year during the stiody aed
the annual incidence rates for each respective case definition. Incidescarea
expressed as the number of cases of CA-CDI or HA-CDI per 100,000 personlfears
the 304 CA-CDI cases, there were 62 cases in 2004; 84 cases in 2004; 74 cases in 2005;
and 84 cases in 2007. A total of 338 HA-CDI cases were identified, with 85 cases
occurring in 2004; 76 in 2005; 84 in 2006; and 93 in 2007. Within the study period, the
overall incidence rate for CA-CDI was 11.16 cases per 100,000 person-years, and the
incidence rate for HA-CDI was 12.41 cases per 100,000 person-years. The highest

incidence of CA-CDI was observed in 2005 (12.47 cases per 100,000 person-years), and
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the incidence of HA-CDI was highest in 2007 (12.98 cases per 100,000 person-years).
The lowest incidence rates for CA-CDI and HA-CDI occurred in 2003 and 2004,
respectively (Table 6). It has been suggested that the CDI may exhibmhalssIn this
population, no specific months exhibited elevated incidence of CA-CDI and HA-CDI

(Tables 7, 8).

Demographic Characteristics and Healthcare Utilization for
Community-associated and Hospital-acquired CDI Cases

Summary statistics for the demographic and clinical character@tiCA-CDI
cases and HA-CDI cases are shown in Table 9. CA-CDI cases were, ageaver
approximately 8 years younger than HA-CDI cases (42.65 vs. 50.31, p<0.0001). The
majority of CA-CDI and HA-CDI cases were female (60.53% and 54.14%, resgecti
p=0.1026). HA-CDI cases were seen by a physician in the outpatient settingarghyjfi
more often than were CA-CDI cases (mean of 26.67 visits versus 17.08 visits; p<0.0001)
(Table 9).

HA-CDI cases were significantly more likely than CA-CDI casehave one or
more gastrointestinal or Charlson comorbid conditions, although the prevalence of
comorbid conditions was relatively low in both case groups (Tables 9 and 10). In fact,
75.33% of CA-CDI cases and 53.85% of HA-CDI cases did not have a comorbid
condition during the one year prior to their CDI diagnosis date (Table 10). The
prevalence of any gastrointestinal comorbid condition was16.45% among CAaS&d
versus a prevalence rate of 17.75% among HA-CDI cases (Table 9).

The mean Charlson Comorbid Index scores were 0.67 for HA-CDI cases and 0.17
for CA-CDI cases, both representing low levels of underlying comorlitigtgle 9). Six
comorbid conditions affected at least 1% of CA-CDI cases: gastroesophalyeal ref
disease (GERD), chronic pulmonary disease, diverticular disease, 1BD ediabtout

complications, and rheumatic disease (Tablel10). Fourteen comorbid conditions were
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diagnosed among at least 1% of HA-CDI cases: chronic pulmonary disease sdiabete
without complications, GERD, diverticular disease, chronic renal failure,tdsmldth
chronic complications, congestive heart failure, cerebrovascular ditgBs@eripheral
vascular disease, old myocardial infarction, acute myocardial infarction, and
hemiplagia/paraplegia. None of the other conditions affected more than h&okbAt
CDI cases (Table 10).

Nearly 17% percent of HA-CDI cases and nearly 27% of CA-CDI cases did not
receive antimicrobials in the 180 days prior to diagnosis. Among HA-CDI,cE3&86
and 17.2% received one or two antimicrobial agents, respectively. In turn, roughly 38
of CA-CDI cases received one antimicrobial and 21% received two agents. The
prevalence of use of specific antimicrobials and antimicrobial classasgarase groups
are shown in Table 11.

In the outpatient setting, gastric acid suppressants were prescribifidangy
more often to HA-CDI cases (44%) than to CA-CDI cases (18.1%) in the 180 days prior
to CDI diagnosis date (Table 12). PPl use was common among both HA-CDI cases
(15.8% of cases) and CA-CDI cases (37.3% of cases). OveraltcEptor antagonist use
was less common than PPl use among either case group, but these agentsardoegr
significantly more often for HA-CDI cases (13%) than for CA-CDlesa®%) (Table
12).

Specific Aim Il Results

To identify patient-related risk factors for CA-CDI in an insured population.

Demographic Characteristics of and Healthcare Utilization
among CA-CDI Cases and Controls
The demographic characteristics of CA-CDI cases (n=304) and controls (n=3040)
are shown in Table 13. The majority of the case group was comprised of women

(60.53%), as was true of the control group (51.24%). The mean age of cases was 42.65
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years, while controls were significantly younger at an average of 35.76ofeage
(p<0.0001) (Table 13). Although the average age of these two groups differed, the
majority of all study subjects were between the ages of 19 and 64 years (76%sof ca
and 69% of controls) (Table 13).

The use of healthcare services was significantly different among CAc&iek
and controls (Table 13). CA-CDI cases were more likely to be hospitalizedahé&ols
between 84 and 365 days prior to diagnosis or index date (p<0.0001). Although the
difference was significant, only 10.86% (33 of 304) of cases and 3.49% (103 of 3040) of
controls were discharged from a hospital during this period of time. CA-Glescan
average, visited their physician in the outpatient setting 17.08 times in the ipedo pr

CDI diagnosis, in comparison to 8 visits for controls (p<0.0001) (Table 13).

Clinical Characteristics of CA-CDI Cases and Controls

Comorbidity among CA-CDI Cases and Controls

The prevalence of Charlson comorbid conditions and gastrointestinal conditions
among CA-CDI cases and controls is shown in Table 13. Approximately 25% of all CA-
CDI cases and 7% of controls were diagnosed with a comorbid condition in thEipea
to diagnosis or index date (Table 14).

The case group had a higher prevalence for many Charlson comorbid conditions
or gastrointestinal conditions than controls, although these conditions actuallgagffec
few cases. At a 5% level of significance, the prevalence was signiyitagher among
cases than controls for the following conditions: congestive heart faihnaic
pulmonary disease, dementia, rheumatic disease, and diabetes without camplicati
Cases were also significantly more likely than controls to experierizediBerticular
disease, and GERD (Table 14).

The collective effect of underlying comorbidity was measured through the

Charlson Comorbidity Index score. For cases, Charlson scores for caged frmm O to
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7, while Charlson scores for controls ranged from 0 to 4. Average Charlson scores fo

both groups were less than one (Table 13).

Antimicrobial Use among CA-CDI Cases and Controls

Antimicrobial use in the 180 days prior to diagnosis date among CA-CDI cases
was significantly more common than use in the same time period prior to index date
among controls. Approximately 73% of CA-CDI cases received one or more
antimicrobial drugs, whereas roughly 30% of controls received one or more of these
drugs. The prevalence of the use of specific antimicrobials and antimicriaiss¢s are
shown in Table 15.

Forty-six percent of cases last utilized one or more antimicrobial agehis the
prior 30-day period compared to 10% of controls; 11.84% of cases last utilized an
antimicrobial between 31 and 60 days prior compared to 4.87% of controls; 4.93% of
cases last utilized an antimicrobial between 61 and 90 days prior compdr8d%o of
controls; 5.59% of cases last utilized an antimicrobial between 91 and 120 days prior
compared to 4.74% of controls; 2.96% of cases last utilized an antimicrobial between 121
and 150 days prior compared to 3.19% of controls; and, 1.32% last utilized an
antimicrobial between 151 and 180 days prior compared to 2.5% of controls (Table 16).

On average, CA-CDI cases received a greater number of antimicrobéd dupgn
controls (1.26 antimicrobial agents versus 0.39 antimicrobial agents; p<0.0001).
Moreover, CA-CDI cases received antimicrobials for more days tlobcoditrol (16.1
days versus 3.70 days) (Cases” pbrcentile: 5 days, 5percentile: 21.5 days;

Controls: 28' percentile: 0 days, 5percentile: 5 days; p<0.0001) (Table 13).
One-hundred thirty-one CA-CDI cases (43.09%) and 27 controls (0.89%)
received metronidazole in the 180 days prior to diagnosis or index date, while 11 cases
(3.62%) and no controls received oral vancomycin during the same time period. Use of

these antimicrobials was not assessed in risk factor analysis sin@ahdilized as
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treatment for CDI, although their use prior to CDI diagnosis was assessgtitivey

analysis.

Gastric Acid Suppressant Use among CA-CDI Cases and

Controls

Gastric acid suppressants were prescribed for 18.09% of cases and 5.16% of
controls in the 180 days prior to diagnosis or index date (Table 19). Forty-eight of 304
cases (15.79%), and 157 of 3040 controls (5.16%) received a proton pump inhibitor.
Furthermore, 2.30% of cases and 0.82% of controls were prescribed a histamine-2
receptor antagonist (Table 19). A cross-tabulation of antimicrobial agemaggastric
acid suppressant use among cases is shown in Table 18. As can be seen in this table, 84%
of CA-CDI who received a gastric acid suppressant in the prior 180 days alsedece
one or more antimicrobials agents.

Thirteen percent of cases last utilized one or more gastric acid sugpsesghin
the prior 30-day period compared to nearly 4% of controls; while roughly 1% of cases
and less than one percent of controls last received these drugs in any of thenater ti
periods of interest (i.e., 31 to 60 days, 61 to 90 days, 91 to 120 days, 121 to 150 days, and
151 to 180 days prior) (Table 19).

Antimotility Agent Use Among CA-CDI Cases and

Controls

Antimotility agents were prescribed to 12.5% of cases and 0.1% of controls in the
180 days prior to diagnosis or index date. Atropine-diphenoxylate was used more often
among cases than loperamide (11.84% versus 0.66%). Among cases who did use
antimotility agents, 47% received these agents within the 7 days prior hmsiisgate
with fewer cases receiving these medications in time periods gtieate¥Y days prior to

diagnosis date (Table 20).
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Univariate Associations between Demographic
Characteristics, Healthcare Utilization, Comorbidity,
Medication Use and Community-associa@dstridium
difficile
Persons under the age of 18 years were at decreased risk for CA-CDI (95% CI:
0.34, 0.66), while increased risk was observed among persons 50 to 64 years of age (OR:
1.49; 95% CI: 1.16, 1.91), persons 65 to 74 years of age (OR: 2.03; 95% CI: 1.21, 3.43),
and persons over the age of 75 years (OR: 2.90; 95% CI. 1.43, 5.90). Females had 1.4-
times the odds of CA-CDI as compared to males (95% CI: 1.13, 1.83). A history of
hospitalization was related to 3.5-times the odds of developing CA-CDI in comparison t
no prior hospitalization (95% CI: 2.30, 5.23). The odds for CA-CDI significantly
increased with each additional outpatient physician visit (OR: 1.05; 95% CI: 1.04, 1.06).
In univariate analysis, a one-point increase in Charlson Comorbid Index score was
associated with increased risk for CA-CDI (OR: 2.03; 95% CI: 1.55, 2.64). A diagnosis
of IBD within the past year was related to 30-fold greater odds of developinQQiTA-
Furthermore, a diagnosis of diverticular disease increased odds of diseasedafold
and a GERD diagnosis was related with 3-fold greater odds of CA-CDI. The ueddjus
risk estimates and corresponding confidence intervals are shown in Tables 21, 22, and 23.
Univariate conditional logistic regression was conducted and statigticall
significant increases in risk for CA-CDI were observed after the use afltbeihg
antimicrobials or antimicrobial classes: beta-lactamase inhibitdrs $38; 95% CI:
3.79, 8.30); cephalosporins (OR: 4.06; 95% CI: 3.02, 5.47); clindamycin (OR:15.65; 95%
Cl: 9.09, 26.95); fluoroquinolones (OR: 8.33; 95% CI: 5.94, 11.67); macrolides
(OR:2.27; 95% CI: 1.68, 3.07); penicillins (OR:1.86; 95% CI: 1.34, 2.58); and,
sulfonamides (OR:3.16; 95% CI: 1.79, 5.60) (Table 21). The use of tetracycline
antimicrobials (OR: 1.43; 95% CI: 0.75, 2.71) were not significant predictors of CA-CDI

in univariate modeling. Aminoglycoside use and intraveneous vancomycin use were not
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assessed in univariate analysis because these antimicrobials wersnobed
frequently enough to make meaningful statistical comparisons. Results afiateiva
conditional logistic regression for antimicrobial use are shown in Table 21.

Increased risk for CA-CDI was observed for persons who last received
antimicrobials in the previous 1 to 150 days. The highest odds for CA-CDI were
observed after receipt of antimicrobials in the 30-day time period priorgoakes (OR:
12.06; 95% CI. 8.88, 16.36) followed by use in the prior 31 to 60-day time period (OR:
6.25; 95% CI. 4.06, 9.63), use in the prior 61 to 90-day period (OR: 2.50; 95% CI: 1.40,
4.47), use in the prior 91 to 120-day period (OR: 2.84; 95% CI: 1.63, 4.93), use in the
prior 121 to 150-day period (OR: 2.3; 95% CI: 1.12, 4.73). Risk for CA-CDI was not
significantly elevated for persons whose last receipt of antimicrobiald %hto 180
days ago (OR: 1.39; 95% CI: 0.5, 3.91) (Table 22). Finally, each additional antimicrobial
agent prescribed increased the risk for CA-CDI significantly (OR: 2.72; 95%.41);

3.09) (Table 23).

Use of any gastric acid suppressant resulted in 4.4-times the odds of CA-CDI
compared to not using these medications (95% CI: 2.74, 7.08) (Tables 21, 22, and 23).
Increased risk for CA-CDI was observed for persons who last receiveit gagdr
suppressants 1 to 30 days, 61 to 90 days, or 91 to 120 days prior to diagnosis (Table 24).
Timing of gastric acid suppressant use was not assessed in a multivenaigtie since the
numbers of cases and controls were not sufficient among all levels of timexgagure.

In univariate analysis, use of any antimotility agent was related wsall27 —
times the odds of CA-CDI compared to not using these medications (95% CI. 39.10,
410.33) (Table 25). Univariate analysis of timing of antimotility agent heeead that
increased risk was only observed for last use of these drugs within the 7 days prior
diagnosis date (OR: 90.0; 95% CI: 20.88, 387.87) (Table 26). Timing of antimotility use
was not assessed in a multivariate model, since numbers of cases and corgrots we

sufficient among all levels of timing of exposure.
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Multivariate Models of Risk Factors for Community-
associateclostridium difficileInfection

Separate multivariate models were constructed for use of specifica@obrals
and antimicrobial classes, timing of antimicrobial use, and total number ofi@otinal
agents. Gastric acid suppressant use was assessed in each of theséateutivdels.

All additional predictor variables and covariates included in the multivariateel were
significant in univariate analysis; the following variables were includetl mudtivariate
models: age, gender, number of outpatient physician visits, Charlson Comorbidity score
IBD, diverticular disease, and GERD.

The relationship between specific antimicrobial agents or classes aQDCA-
after controlling for demographic and clinical characteristics andhioaaé utilization
are shown in Table 21. After controlling for other covariates, increasecri€k+ CDI
was associated with beta-lactam/beta-lactamase inhibitor use(€8R95% CI. 2.46,

6.28), cephalosporin use (OR: 2.76; 95% CI: 1.91, 3.98), clindamycin use (OR: 13.88;
95% CI: 7.35, 26.18), fluoroquinolone use (OR: 4.53; 95% CI: 2.99, 6.85), macrolide use
(OR: 1.99; 95% CI: 1.39, 2.85), and penicillin use (OR: 1.73; 95% CI: 1.17, 2.56). The
use of sulfonamides and tetracyclines did not result in increased risk. In this beodegl

19 to 74 years of age (in comparison to persons under age of 18 years), number of
outpatient visits, a diagnosis of IBD, and gastric acid suppressant useailyi

contribute to risk of acquiring CA-CDI (Table 21).

The highest odds for CA-CDI were observed among persons who last used an
antimicrobial in the 30-day time period prior to diagnosis (OR: 10.93; 95% CI: 7.78,
15.35) followed by last use in the prior 31 to 60-day time period (OR: 4.91; 95% CI:
3.05, 7.91), last use in the prior 61 to 90-day period (OR: 1.98; 95% CI: 1.05, 3.73), last
use in the prior 91 to 120-day period (OR: 2.03; 95% CI: 1.10, 3.75), last use in the prior
121 to 150-day period (OR: 2.43; 95% CI: 1.11, 5.29); and finally, risk among persons
with last use 151 to 180 days ago (OR: 1.07; 95% CI: 0.34, 3.34) (Table 22). Even after
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controlling for demographic and clinical characteristics, the ineckask for CA-CDI

was present for persons who last used antimicrobials up to 150 days ago (Table 22). In
this model, being in any age category greater than 18 years of age, the alimbe
outpatient visits, a diagnosis of IBD, and gastric acid suppressant usesatresk for
CA-CDiI following adjustment for timing of antimicrobial use and all othwraciates

(Table 22).

Each additional antimicrobial agent increased the risk for CA-CDI, evan afte
controlling for all other demographic and clinical characteristics. @49; 95% CI:

2.16, 2.87). In this model, being between the ages of 19 and 74 years, the number of
outpatient physician visits, a diagnosis of IBD, a diagnosis of divertididaase, and
gastric acid suppressant use were significantly related to CA-CBM,caftrolling for

the number of antimicrobial agents and other covariates (Table 23).

Gastric acid suppressant use was significantly associated with CAa@DI
multivariate models which accounted for antimicrobial use. When controlling foisthe
of specific antimicrobial agents and all other covariates, gastdcsappressant use was
not a risk factor for CA-CDI (OR: 1.54; 95% CI: 0.96, 2.46) (Table 21). In multieariat
modeling accounting for the timing of antimicrobial use, gastric acid suppressant
increased risk for CA-CDI (OR: 1.78; 95% CI: 1.12, 2.82) (Table 22). Finally, when
accounting for the number of antimicrobial agents and all other covariatesetioé
gastric acid suppressants retained an odds ratio of 1.56 (95% CI: 1.00, 2.45) (Table 23).

The relationships among predictor variables and between predictor variathles a
CA-CDI were assessed to identify confounding relationships. GERD and cliNeirti
disease were related to both gastric acid suppressant use and CA-Caris hatis
GERD are likely to receive these medications as treatment. Biologlatibnship
between CA-CDI and these two gastrointestinal diseases are not establisheder,
examination of risk estimates from univariate and multivariate analysigesl that the

effect of gastric acid suppressant use is reduced after contraltitigese conditions.
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Therefore, these results suggest that these conditions account for a portionssf the ri
attributed to medication use. In contrast, IBD was associated with iadrask for CA-

CDlI, although an association was not observed between this condition and gastric acid
suppressant use. Confounding was not found to be a factor in any of the other
associations identified by this study. Interaction between gastdsappressant use and
antimicrobial use was assessed to determine whether these two ws& facdify the

effects of each other. However, interaction was not present. When using ‘no
antimicrobial or gastric acid suppressant use’ as the referemg®oatn a conditional
logistic regression model controlling for only these exposures, antimicrobiahlyseas
associated with an OR of 5.74 (95% CI: 4.32, 7.63 ); gastric acid suppressant use only
was associated with an OR of 3.03 (95% CI: 1.46, 6.28); and, the use of both
antimicrobials and gastric acid suppressants was associated with an OR 093%60 (

Cl: 11.86, 29.18). Thus, the joint effects observed were similar to those expected.
Furthermore, an interaction term included in the logistic model was not stdlysti

significant (p= 0.8728).

Results of Sensitivity Analysis

A sensitivity analysis was conducted to examine the effects of ana#terase
definition for CA-CDI on risk estimates provided by multivariate modelss @&halysis
utilized an alternate case definition that conservatively defined CRbgExcluding
persons with a primary diagnosis of CDI at hospital admission who did not have a
hospital discharge within the prior 12 weeks. For the main study analysis, 304 CA-CDI
cases were identified, whereas 241 CA-CDI cases met the altessatdefinition used
in this sensitivity analysis (Figure 4). Demographic charactesjdtalthcare utilization,
and summary information for medication use were similar to those of the mdyn st
population (Table 27). The prevalence of comorbid conditions and medication use and

timing of antimicrobial use were also similar to that of the main study populdtables
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28-31). The restriction of analysis to this case group did not affect the testiona
confidence intervals obtained from univariate or multivariate analyses, dittioeigisk
estimate associated with gastric acid suppressant use wagatbtisignificant and the
risk estimate associated with IBD was decreased from that foundpnirtinery analysis.
Overall, this analysis did not affect the interpretation of the study reaotddid not
change the study conclusions based on the original analysis (Tables 32-34).

A sensitivity analysis was conducted to determine whether exclusion of cases
with gastrointestinal conditions, a history of hospitalization within six mootha
history of outpatient dialysis or chemotherapy affected the risk essrfraim models of
CA-CDI in the original study population. Of the 304 CA-CDI cases utilizeten t
primary analysis, 45 cases were excluded due to diagnosis of a gastr@htestdition;
8 cases were excluded due to a history of hospitalization in the prior 6 months; and, 5
cases were excluded for meeting both of these criteria. None of the CAaE&d
underwent outpatient dialysis or chemotherapy within the year prior to diaghosis, t
there were no exclusions for these reasons. Following these exclusions, ZIBICA-
cases were eligible for inclusion in this analysis (Figure 4). Sugnstatistics for these
cases and corresponding controls are shown in Table 35. Demographic clséicacteri
and healthcare utilization of this case group and corresponding controls didferot dif
from those of the population used in the primary analysis, although these exclusions
resulted in a lower level of comorbidity and a lower level of exposure to gastfic a
suppressants among the case group (Tables 35-37). Antimicrobial use amorgdases
their controls and the timing of use were similar to the main study populd@tbieé 38,
39). Timing of gastric acid suppressant use was also similar to that amongythal ori
study population (Table 40). Restricting the analysis to this case group did not
significantly affect the estimates or confidence intervals obtained drovariate or
multivariate analyses (Tables 41-43), although there were two notableriHerd-irst,

persons who last received antimicrobials in the previous 120-to-150 or 150-t0-180 days
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did not have an increased risk for CA-CDI (Table 42). Second, gastric acid sappres
use was not a significant predictor of CA-CDI in any of the multivariate models
controlling for the use of specific antimicrobials, for timing of antimicrbbge, or for
the total number of antimicrobial agents (Tables 41, 42, 43).

A sensitivity analysis was conducted to account for the possibility that miedica
use and diarrheal disease in the 180 days prior to the appearance of the ICD-9 code
008.45 may indicate true onset of CDI. CA-CDI cases were assessed for exposur
antimotility agents or oral vancomycin or a diagnosis of a nonspecific diadiseale.
One-hundred eighty-two cases met either of these criteria, and wereecedsm have
symptom onset prior to the original diagnosis date. The diagnosis date fordbesavas
redefined to be the date on which a prescription was filled or the date on which an
unspecified diarrheal disease was diagnosed. For these 182 cases, sevadaasesed
diagnosis dates based on first receipt of antimotility agents and/or oral wacpihb9
cases had revised diagnosis dates based on first diagnosis of a non-spediigaldi
disease; and, 16 cases had revised diagnosis dates based on concurrent receipt of
medications and a diagnosis of diarrheal disease. Five CA-CDI cases«alaced
because they had been discharged from a hospital in the 12 weeks prior to this revised
diagnosis date. Thus, 299 CA-CDI cases (i.e., 122 cases with original diagnesiadlat
177 cases with revised diagnosis date) were included in this sensitivitgiar{gigure
4). On average, the redefined diagnosis date was 37.15 days (Range: 1 day to 179 days)
prior to the first appearance of ICD-9 code 008.45 on insurance claims, although 25% of
the redefined diagnosis dates were 4 or fewer days prior to diagnosis on inslaamge c
50% of the redefined diagnosis dates were 17 or fewer days prior to diagnosis on
insurance claims; and, 75% of the redefined diagnosis dates were 52 or fesveriolay
to diagnosis on insurance claims. Demographic characteristics and comorleidity w
similar to the original case group, although in this analysis, CA-CDI cageswezge

likely to be hospitalized within the year prior to their revised diagnosis(@atdes 44,
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45). The percentage of CA-CDI cases who utilized antimicrobial agentdigiat/dess

than that in the primary analysis, although timing of this use was relatimehanged

(Tables 46, 47). Gastric acid suppressant use was similar to that among theidyain s
groups (Table 48). In univariate and multivariate analyses, risk estimatesimilar,
although a history of hospitalization in the previous one year significantlyaseueisk

for CA-CDI, except in the model controlling for the timing of antimicrobisg (Tables
49-51). In addition, the risk associated with a diagnosis of inflammatory bowedelisea
was lower in this population than that estimated from the original population §48le
51Increased risk for CA-CDI was observed among persons whose last receipt of
antimicrobials occurred in the prior 60 days, in contrast to the 150-day time period of
increased risk found in the primary analysis (Table 50). Finally, gastidl suppressant

use was a significant predictor of CA-CDI in all multivariate modelsk@®49-51). Of

note, in the main study population, 131 CA-CDI cases (43.09%) received metronidazole
prior to diagnosis of CDI. One-hundred thirteen of these 131 cases had revised diagnosis
dates based on the criteria applied in this sensitivity analysis, suggéestinigis analysis

detected individuals who received metronidazole for CDI symptoms.

Specific Aim Il Results

To describe adverse health outcomes of CA-CDI and to explore potential risk factors for

these outcomes in persons with CA-CDI.

Surgical Procedures Following Diagnosis of CA-CDI
None of the CA-CDI cases met criteria indicating that they had undergone
surgical procedures related to CDI. One person with CA-CDI did undergo aocojeot
the transverse colon 132 days after the diagnogis difficile, although the ICD-9 code
008.45 was not listed as a diagnosis at the time of the procedure. Three additi@nal case
underwent surgical procedures possibly related to CDI, although the datesof thes

surgical procedures were more than 180 days after CDI diagnosis date andd@®-9 c
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008.45 was not listed as a diagnosis at the time of the procedures. These surgical
procedures were presumably not related to their CDI since they did not occurtiagthin
180 days after diagnosis and ICD-9 code 008.45 was not present as a concurrent

diagnosis of the procedure on inpatient insurance claims.

Subsequent Hospitalization among CA-CDI Cases

Seventy-seven CA-CDI cases were admitted a total of 79 times with a primary
diagnosis of ICD-9 008.45 on the initial CDI diagnosis date or within 8 weeks (i.e., 56 or
fewer days) of this date, resulting in a hospitalization rate of 25% (77 out of 304 total
CA-CDI cases). Of the 77 first-time admissions, sixty-three (81.82%tjrd on the
date of diagnosis; ten admissions (12.7%) occurred one day after difécile
diagnosis; one admission each occurred 4 days, 20 days, 24 days, and 30 days after
diagnosis. The mean length of time between diagnosis of CA-CDI and hospitaseami
was 1.14 days (Z5percentile: 0 days; 5percentile: 0 days; SD: 4.87). The mean
length of stay was 4.01 days (SD: 5.96 days), with a range from 1 day to 52 days.

Two cases were admitted with a primary diagnosfS.dfifficile on two separate
occasions. One of these cases was first admitted on the diagnosis datschageld
two days later, and was subsequently hospitalize@ falifficile again on the Bday
following diagnosis. The other case was admitted on the date of initial diagnasis, wa
discharged after 3 days, and was re-admitted 34 days after diagnosis date.

CA-CDI cases who were hospitalized for CDI (n=77) were not significantly
different from those who were not hospitalized (n=227) with respect to patient
demographic and clinical characteristics (Table 52). Of the 77 cases who were
hospitalized, 2 cases received antimotility agents, while 5 of 227 cases who were not
hospitalized received antimotility agents. Use of antimotility agents\gmases who

were hospitalized and those that were not was similar (p=1.000) (Table 52).éipthev



10c

use of antimotility agents in the hospital setting cannot be assessed agasgiatel

these data.

Use of Metronidazole and Oral Vancomycin Following
Initial Therapy for CA-CDI
Outpatient use of metronidazole or oral vancomycin following initial treatment
for CDI may serve as an indicator for relapse or reinfection. Of 304 CA-&ebk¢c21
cases (6.9%) received a total of 38 prescriptions for metronidazole or oral wantom
after completion of initial therapy. Twelve cases received only onerfp&sie for
metronidazole or oral vancomycin after initial therapy; 3 cases recepexs@iptions
following initial therapy; 4 cases received 3 prescriptions; and, 2 casesetbde
prescriptions. Of these cases, 76% received these medications for ttied@ratter
initial therapy within 30 days of diagnosis with CDI and 90% of these casegeetce

these medications within 60 days of diagnosis.

Use of Antimotility Agents Following Diagnosis of CA-
CDI
The outpatient use of antimotility agents upon or following diagnosis of CA-CDI
was relatively uncommon. Seven CA-CDI cases received antimotilitysaopettte
outpatient setting during this time period. These seven cases receivedattoteden
prescriptions, all of which were for atropine-diphenoxylate. One case recGeofehese
prescriptions, with the first of these occurring 55 days following diagndsiseTof the
seven cases received a prescription for atropine-diphenoxylate on the dateasidiag
with three cases receiving these agents 2, 8, and 11 days after diagnosisyebgspe
Finally, the average duration of use of antimotility agents was 8.7 days (Mmith
days; Maximum: 12 days: SD: 4.3 days). Of the 7 cases who received antimgéhtg,a

2 cases were subsequently hospitalized and 5 cases were not.
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1,172 totalC. difficilediagnoses

(2003 to 2007) 133 diagnoses excluded due to
second occurrence or recurrence
of infection

1,039 first-timeC. difficilediagnoses

281 excluded due to
<12 months of observation time

4 excluded due to incomplete
Insurance or membership information

70 excluded due to
diagnosis in a nursing home or
nursing home claim history

v

684 C. difficile cases digiblefar study

Figure 1. Results of the Application of Inclusion and Exclusion Criteria.



684 C. difficile cases eligible for study

10t

338 HA-CDI cases

304 CA-CDI cases

Figure 2. Results of the Application of Case Definitions.

42 Indeterminate
CDI Cases
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Table 6. Number of Cases and Incidence Rates of Community-associated and
Hospital-acquired C. difficile I nfection, 2004-2007

Number of CA-CDI Number of HA-CDI
Total CA-CDI Incidence HA-CDI Incidence
Y ear Per son-year s Cases Raté? Cases Raté?
2004 667,113 62 9.29 85 12.71
2005 673,630 84 12.47 76 11.28
2006 666,127 74 11.11 84 12.61
2007 716,265 84 11.76 93 12.98

% Incidence rates expressed as number of cases per 100,000 person-years



Table7. Number of CA-CDI Casesby Month and Year.

Y ear
Month 2004 2005 2006 2007
(N) (N) (N) (N)
January 7 9 5 10
February 1 13 8 8
March 5 12 11 10
April 10 6 6 12
May 9 6 6 9
June 5 8 7 5
July 5 8 7 6
August 2 6 7 6
September 2 5 3 6
October 7 1 1 5
November 9 8 9 5
December 1 3 5 2
Total 62 84 74 84




Table 8. Number of HA-CDI Cases by Month and Year.

Y ear
Month 2004 2005 2006 2007
(N) (N) (N) (N)

January 5 7 11
February 11 5 3
March 11 8 7 9
April 7 8 8 4
May 4 10 9
June 8 12 6 5
July 6 4 3 8
August 5 10 10
September 13 5 13 13
October 11 8 12
November 2 4
December 9
Total 85 76 84 93

10¢
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Figure 3. CA-CDI and HA-CDI Casesby Month and Year.
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Table 9. Comparison of Demographic and Clinical Characteristics of Community-

associated and Hospital-acquired C. difficile I nfection Cases.

CA-CDI Cases HA-CDI Cases
Variable (N = 304) (N =338) p-value®
Mean Age in Years = SD (Range) 426_5;1)2 0 50'(?il_1910£)3'59 <0.0001
Age in Years (by category)
<18 years 45 (14.80) 26 (7.69)
19 to 49 years 125 (41.12) 112 (33.14)
50 to 64 years 106 (34.87) 143 (42.31) 0.0006
65 to 74 years 18 (5.92) 35 (10.36)
>75 years 10 (3.29) 22 (6.51)
Gender (female) 184 (60.53) 183 (54.14) 0.1026
Mean Number of Outpatient
Primary Care Visits in Previous 17.08 £ 15.67 26.67 £ 23.20 <0.0001
Year £ SD
Number of Comorbid Conditiofis
0 229 (75.33) 182 (53.85)
1 57 (18.75) 91 (26.92)
<0.0001
2 13 (4.28) 30 (8.88)
3+ 5(1.64) 35 (10.35)
Mear Number of Comorbid 0.34+0.71 0.79 £ 1.07 <0.0001
Charlson Comorbidity Index
Score
0 269 (88.49) 226 (66.86)
1 26 (8.55) 54 (15.98)
2 6 (1.97) 27 (7.99)
<0.0001
3 1(0.33) 14 (4.14)
4 1(0.33) 10 (2.96)
5+ 1 (0.33) 7 (2.08)
Mean Sharlson Comorbidity 0.17 £ 0.62 0.67 £1.20 <0.0001
(F;Lensggg?f‘ of a Gastrointestinal 50 (16.45) 60 (17.75) 0.6615
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Table 9. continued

Antimicrobial Use in the Prior 180

Days
Any 222 (73.03) 281 (83.14)
<0.0001
None 82 (26.97) 56 (16.57)
Receipt of a Gastric Acid 55 (18.09) 149 (44.08) <0.0001

Suppressant in the Prior 180 Days

NOTE. Data are number (%) of patients, unless otherwise stated.

& p-value obtained from Student’s t-test for comparing mean values for continuous
variables and chi-square test for comparing frequency distributions fgooatd
variables

® Includes Charlson comorbid conditions and gastrointestinal conditions
¢ Charlson ME, et al. J Chronic Dis. 1987;40:373-383

4 Includes inflammatory bowel disease (Crohn’s disease, UlcerativesEaliverticular
disease, and gastroesophageal reflux disease (GERD)

®Includes proton pump inhibitors (PPIs) and histamine-2 receptor antagonissy (H
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Table 10. Prevalence of Charlson Chronic Comorbid Conditions among
Community-associated and Hospital-acquired C. difficile Cases.

CA-CDI Cases HA-CDI Cases
(N = 304) (N = 338)
N (%) N (%)
Charlson Comorbid Condition®
Acute Myocardial Infarction 0 (0) 4 (1.18)
Old Myocardial Infarction 2 (0.66) 5(1.48)
Congestive Heart Failure 3 (0.99) 17 (5.03)
Peripheral Vascular Disease 1(0.33) 10 (2.96)
Cerebrovascular Disease 1(0.33) 16 (4.73)
Chronic Pulmonary Disease 19 (6.25) 47 (13.91)
Dementia 2 (0.66) 0 (0)
Rheumatic Disease 4(1.32) 8 (2.37)
Peptic Ulcer Disease, excluding bleeding 0 (0) 0 (0)
Mild Liver Disease 0 (0) 0(0)
Diabetes without chronic complications 10 (3.29) 44 (13.02)
Diabetes with chronic complications 2 (0.66) 19 (5.62)
Hemiplegia or Paraplegia 1(0.33) 4(1.18)
Chronic Renal Failure 3(0.99) 23 (6.80)
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Table 10. continued

Any Malignancy 0 (0) 0 (0)
Moderate or Severe Liver Disease 0 (0) 0 (0)
Metastatic Solid Tumor 0(0) 0 (0)
AIDS/HIV® 0 (0) 0 (0)

Gastrointestinal Conditions

Inflammatory Bowel Disease (IBB) 12 (3.95) 14 (4.14)
Diverticular Disease 16 (5.26) 24 (7.10)
Gastroesophageal Reflux Disease (GERD) 26 (8.55) 30 (8.88)

& Charlson ME, et al. J Chronic Dis. 1987;40:373-383.
P Includes lymphoma and leukemia, except malignant neoplasm of skin
¢AIDS/HIV = Acquired Immune Deficiency Syndrome/Human Immunodefigieviicus

4 Includes Crohn’s disease and ulcerative colitis
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Table 11. Prevalence of Antimicrobial Use among Community-associated and
Hospital-acquired C. difficile Casesin the 180 days prior to diagnosis.

CA-CDI Cases HA-CDI Cases
(N =304) (N =338)
Antimicrobial
Exposure N (% ) N (%)
Antimicrobials Sxposure 82 (26.97) 57 (16.86)
1 antimicrobial 116 (38.16) 47 (13.91)
2 antimicrobials 64 (21.05) 58 (17.16)
3 antimicrobials 30 (9.87) 47 (13.91)
4 antimicrobials 11 (3.62) 59 (17.46)
2nc;irm”ilgrrc?bials 1(0.33) 70(20.69)
Antimicrobial Class Antimicrobial Drug
Aminoglycosides 1(0.33) 12 (3.55)
Gentamycin 0 (0) 2 (0.59)
Neomycin 1(0.33) 8 (2.37)
Tobramycin 0(0) 1 (0.30)
gt sass0) o7 es
éﬁgﬁ‘gt’fg&”r‘s 75 (24.67) 145 (42.90)
First-generation 30 (9.87) 120 (35.50)
Cephalexin 26 (8.55) 116 (34.32)
Cefadroxil 4(1.32) 6 (1.78)
Second-generation 22 (7.24) 29 (8.58)
Cefprozil 8 (2.63) 11 (3.25)
Cefuroxime 14 (4.61) 19 (5.62)
Cefaclor 1(0.33) 2 (0.59)
Third-generation 27 (8.88) 23 (6.80)
Cefdinir 22 (7.24) 12 (3.55)
Cefditoren 1(0.33) 3 (0.89)
Cefpodoxime 6 (1.97) 7 (2.07)
Ceftriaxone 0 (0) 1(0.30)




Table 11. continued
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Lincomycin Derivatives
Fluor oquinolones

M acrolides

Penicillins

Rifamycin derivatives
Sulfonamides

Tetracyclines

Miscellaneous
Antimicrobials

Clindamycin

Gatifloxacin

Levofloxacin
Moxifloxacin
Ciprofloxacin

Azithromycin
Clarithromycin
Erythromycin
Telithromycin

Amoxicillin
Ampicillin
Dicloxacillin
Penicillin
Rifampin

Trimethoprim-
sulfamethoxazole

Tetracycline
Minocycline
Doxycycline

Intravenous
Vancomycin

35 (11.51)
67 (22.04)
1(0.33)
28 (9.21)
7 (2.30)
38 (12.50)
61 (20.07)
50 (16.45)
8 (2.63)
3 (0.99)
3 (0.99)
50 (16.45)
41 (13.49)
1(0.33)

0 (0)

8 (2.63)
2 (0.66)

16 (5.26)

11 (3.62)
1(0.33)
1(0.33)
9 (2.96)

4 (1.32)

24 (7.10)
169 (50.00)
5 (1.48)
142 (42.01)
24 (7.10)
71 (21.02)
132 (39.05)
102 (30.18)
38 (11.24)
13 (3.85)
9 (2.66)
110 (32.54)
92 (27.22)
1 (0.30)
7 (2.07)
26 (7.69)
4 (1.18)

87 (25.74)

38 (11.24)
5 (1.48)
3 (0.89)
33 (9.76)

1 (0.30)
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Table 12. Prevalence of Gastric Acid Suppressant Usein the 180 days prior to
diagnosis among Community-associated and Hospital-acquired C.
difficile Infection Cases.

CA-CDI Cases HA-CDI Cases
(N=304) (N =338)
Drug Class Medication N (%) N (%)
Proton Pump Inhibitor 48 (15.79) 126 (37.28)
Esomeprazole 15 (4.93) 41 (12.13)
Lansoprazole 15 (4.93) 58 (17.16)
Omeprazole 13 (4.28) 26 (7.69)
Pantoprazole 5 (1.64) 36 (10.65)
Rabeprazole 3 (0.99) 8 (2.37)
H>-Receptor Antagonists 7 (2.30) 43 (12.72)
Cimetidine 1(0.33) 3 (0.89)
Famotidine 3 (0.99) 24 (7.10)
Nizatidine 0 (0) 2 (0.59)
Ranitidine 3 (0.99) 18 (5.33)




Table 13. Comparison of the Demographic and Clinical Characteristics of

Community-associated C. difficile Infection Cases and Matched Controls.

CA-CDI
Cases Controls
Variable (N = 304) (N = 3040) p-value®
Mean Age in Years =+ SD (Range) 4(2i6_5§1§0 35(176_i9é)99 <0.0001
Age in years (by category)
<18 years 45 (14.80) 814 (26.78)
19 to 49 years 125 (41.12) 1296 (42.63)
50 to 64 years 106 (34.87) 803 (26.41) <0.0001
65 to 74 years 18 (5.92) 92 (3.03)
>75 years 10 (3.29) 35 (1.15)
Gender (female) 184 (60.53) 1570 (51.64) 0.0029
Histary of FHospitalization in 33 (10.86) 103 (3.39) <0.0001
Mean Number of Outpatient
ggysician Visits in Previous Year = 17.08 £ 15.67 8.0 £10.08 <0.0001
Number of Comorbid Conditiofis
0 229 (75.33) 2840 (93.42)
1 57 (18.75) 163 (5.36)
<0.0001
2 13 (4.28) 31(1.02)
3+ 5(1.64) 6 (0.19)
Mear Number of Comorbid 0.34+0.71 0.08 £ 0.33 <0.0001
(F;r(')ens;[i\g(raf of a Gastrointestinal 50 (16.45) 95 (3.13) <0.0001
Mean Charison Comorbidity Index ¢ 17+ 0.62 0.05 £ 0.27 <0.0001
Charlson Comorbidity Index Score
0 269 (88.49) 2917 (95.95)
1 26 (8.55) 98 (3.22)
2 6 (1.97) 20 (0.66)
<0.0001
3 1(0.33) 4 (0.13)
4 1(0.33) 1 (0.03)
5+ 1(0.33) 0 (0)




Table 13. continued
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Mean Number of Antimicrobial
Agents + SD 1.26 £1.10 0.39 £ 0.68 <0.0001
Mean Number of Days of
Antimicrobial Use + SD 16.07 +17.23 3.70 +7.82 <0.0001
Antimicrobial Use
Any 222 (73.03) 920 (30.26)
<0.0001
None 82 (26.97) 2120 (69.74)
Receipt of a Gastric Acid
Suppressaht 55 (18.09) 157 (5.16) <0.0001

NOTE. Data are number (%) of patients, unless otherwise stated.

@ p-value obtained from Student’s T-test for comparing mean values for continuous
variables and chi-square test for comparing frequency distributions égociial

variables

® Includes Charlson comorbid conditions and gastrointestinal conditions

¢ Includes peptic ulcer disease, inflammatory bowel disease (Crohréseljddicerative
Colitis), diverticular disease, and gastroesophageal reflux diseas®|GER

4 Includes proton pump inhibitors (PPIs) and histamine-2 receptor antagonis$ (H



Table 14. Prevalence of Charlson Chronic Comorbid Conditions among
Community-associated C. difficile Casesand Controls.

CA-CDI Cases Controls
(N = 304) (N = 3040)
N (%) N (%)
Charlson Comorbid Condition®
Acute Myocardial Infarction 0 (0) 2 (0.07)
Old Myocardial Infarction 2 (0.66) 4(0.13)
Congestive Heart Failure 3 (0.99) 6 (0.20)
Peripheral Vascular Disease 1(0.33) 6 (0.20)
Cerebrovascular Disease 1(0.33) 14 (0.46)
Chronic Pulmonary Disease 19 (6.25) 39 (1.28)
Dementia 2 (0.66) 0(0)
Rheumatic Disease 4(1.32) 6 (0.20)
Peptic Ulcer Disease, excluding bleeding 0 (0) 0 (0)
Mild Liver Disease 0 (0) 0 (0)
Diabetes without chronic complications 10 (3.29) 50 (1.64)
Diabetes with chronic complications 2 (0.66) 7 (0.23)
Hemiplagia or Paraplegia 1(0.33) 1 (0.03)
Chronic Renal Failure 3 (0.99) 8 (0.26)
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Table 14. continued

Any Malignancy 0 (0) 0 (0)
Moderate or Severe Liver Disease 0 (0) 0 (0)
Metastatic Solid Tumor 0(0) 0 (0)
AIDS/HIV® 0 (0) 0 (0)

Gastrointestinal Conditions

Inflammatory Bowel Disease (IBB) 12 (3.95) 4 (0.13)
Diverticular Disease 16 (5.26) 33 (1.09)
Gastroesophageal Reflux Disease (GERD) 26 (8.55) 63 (2.07)

& Charlson ME, et al. J Chronic Dis. 1987;40:373-383.
®Includes lymphoma and leukemia, except malignant neoplasm of skin

©AIDS/HIV = Acquired Immune Deficiency Syndrome/Human Immunodeficiy \Virus

9Includes Crohn’s disease and ulcerative colitis
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Table 15. Antimicrobial Usein the 180 days prior to Diagnosis or Index Date among
Community-associated C. difficile Infection Cases and Matched Controls.

CA-CDI Cases Controls
(N =304) (N = 3040)
Antimicrobial Exposure N (%) N (%)
Number of Antimicrobials
No antimicrobial exposure 82 (26.97) 2120 (69.74)
1 antimicrobial 116 (38.16) 695 (22.86)
2 antimicrobials 64 (21.05) 182 (5.99)
3 antimicrobials 30 (9.87) 33 (1.09)
4 antimicrobials 11 (3.62) 9 (0.30)
5+ antimicrobials 1(0.33) 1 (0.03)
Antimicrobial Class Antimicrobial Drug
Aminoglycosides 1(0.33) 1 (0.03)
Gentamycin 0 (0) 1(0.03)
Neomycin 1(0.33) 0 (0)
Beta-lactamase Inhibitors ~ Amoxicillin-clavulanate 45 (14.80) 94 (3.09)
Cephalosporins 75 (24.67) 230 (7.57)
First-generation 30 (9.87) 162 (5.33)
Cephalexin 26 (8.55) 152 (5.00)
Cefadroxil 4(1.32) 10 (0.33)
Second-generation 22 (7.24) 52 (1.71)
Cefprozil 8 (2.63) 21 (0.69)
Cefuroxime 14 (4.61) 16 (0.53)
Cefaclor 1(0.33) 15 (0.49)
Third-generation 27 (8.88) 28 (0.92)
Cefdinir 22 (7.24) 27 (0.89)
Cefditoren 1(0.33) 0 (0)
Cefpodoxime 6 (1.97) 1(0.03)
Lincomycin Derivatives Clindamycin 35 (11.51) 26 (0.86)
Fluoroquinolones 67 (22.04) 94 (3.09)
Gatifloxacin 1(0.33) 1(0.03)
Levofloxacin 28 (9.21) 49 (1.61)
Moxifloxacin 7 (2.30) 7 (0.23)




Table 15. continued
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Macrolides

Penicillins

Rifamycin derivatives
Sulfonamides

Tetracyclines

Miscellaneous
Antimicrobials

Azithromycin
Clarithromycin
Erythromycin
Telithromycin

Amoxicillin
Ampicillin
Dicloxacillin
Penicillin
Rifampin

Trimethoprim-
sulfamethoxazole

Tetracycline
Minocycline
Doxycycline

Intravenous Vancomycin

61 (20.07)
50 (16.45)
8 (2.63)
3 (0.99)
3 (0.99)
50 (16.45)
41 (13.49)
1 (0.33)
0 (0)

8 (2.63)
2 (0.66)

16 (5.26)

11 (3.62)
1(0.33)
1(0.33)
9 (2.96)

4 (1.32)

300 (9.87)
251 (8.26)
37 (1.22)
17 (0.56)
7 (0.23)

291 (9.57)

256 (8.42)
4 (0.13)
4 (0.13)
32 (1.05)

0 (0)

52 (1.71)

78 (2.57)

9 (0.30)
25 (0.82)
46 (1.51)

0 (0)




12¢

Table 16. Timing of Antimicrobial Use among Community-associated C. difficile
Cases and Controlswithin the 180 days prior to diagnosisor index date.

CA-CDI Cases Controls
(N =2304) (N = 3040)
Timing of Antimicrobial Use N (%) N (%)

No Use 82 (26.97) 2120 (69.74)
Within 1-30 Days 141 (46.38) 304 (10.00)
Within 31-60 Days 36 (11.84) 148 (4.87)
Within 61-90 Days 15 (4.93) 151 (4.97)
Within 91-120 Days 17 (5.59) 144 (4.74)
Within 121-150 Days 9 (2.96) 97 (3.19)

Within 151-180 Days 4(1.32) 76 (2.50)
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Table 17. Prevalence of Gastric Acid Suppressant Use among Community-
associated C. difficile Infection Cases and Matched Controlsin the 180
daysprior to diagnosisor index date.

CA-CDI Cases Controls
(N=304) (N = 3040)
N (%) N (%)
gusgr‘)’: Any Gedric Add 55 (18.09) 157 (5.16)
Drug Class Medication
Proton Pump Inhibitors 48 (15.79) 157 (5.16)
Esomeprazole 15 (4.93) 41 (1.35)
Lansoprazole 15 (4.93) 41 (1.35)
Omeprazole 13 (4.28) 36 (1.18)
Pantoprazole 5 (1.64) 15 (0.49)
Rabeprazole 3 (0.99) 11 (0.36)
H,-Receptor Antagonists 7 (2.30) 25 (0.82)
Cimetidine 1(0.33) 4(0.13)
Famotidine 3 (0.99) 5(0.16)
Ranitidine 3 (0.99) 16 (0.52)

#Includes the use of all medications classified as either a proton pump inhilditer or

receptor antagonist



Table 18. Cross-tabulation of Prevalence Antimicrobial Use and Gastric Acid
Suppressant Use among 304 CA-CDI Cases.

12t

Gastric Acid Suppressant Use

Antimicrobial Use Yes No Total
Yes 46 176 222
No 9 73 92

Total 55 249 304
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Table 19. Timing of Gastric Acid Suppressant Use among Community-associated C.
difficile Cases and Controlswithin the 180 days prior to diagnosis or

index date.
CA-CDI Cases Controls
(N =2304) (N = 3040)
Timing of Gastric Acid Suppressant Use N (%) N (%)
No Use 249 (81.91) 2883 (94.84)
Within 1-30 Days 41 (13.49) 117 (3.85)
Within 31-60 Days 3(0.99) 13 (0.43)
Within 61-90 Days 4(1.32) 11 (0.36)
Within 91-120 Days 4 (1.32) 7(0.23)
Within 121-150 Days 3(0.99) 9 (0.30)

Within 151-180 Days 0 (0) 0(0)
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Table 20. Use of Antimotility Agents among Community-associated C. difficile Cases
and Controlswithin the 180 days prior to diagnosisor index date.

CA-CDI Cases Controls

(N = 304) (N = 3040)
Variable N (%) N (%)

Use of any Antimotility Agent 38 (12.50) 3(0.10)

Antimaotility Agent
Atropine-diphenxylate 36 (11.84) 2 (0.07)
Loperamide 2 (0.66) 2 (0.03)
Timing of Antimotility Agent Use
No Use 266 (87.50) 3037 (99.90)

Within 1-7 Days 18 (5.92) 2(0.07)
Within 8-30 Days 8(2.63) 0(0)
Within 31-60 Days 5(1.64) 0(0)
Within 61-90 Days 5(1.64) 0(0)

Within 91-120 Days 0 (0) 1 (0.03)
Within 121-150 Days 2 (0.66) 0(0)
Within 151-180 Days 0 (0) 0(0)
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Table 21. Relationship between Community-associated C. difficile Infection and
Antimicrobial Use, Demographic Characteristics, Healthcare Utilization,
and Gastric Acid Suppressant Use among Cases and Controls.

Unadjusted Adjusted
Variable OR 95% ClI OR? 95% ClI

Ageinyrs. (by category)

<18 years 0.48 (0.34, 0.66) reference --

19 to 49 years 0.94 (0.74, 1.19) 1.77 (1.17, 2.68)

50 to 64 years 1.49 (1.16, 1.91) 1.89 (1.21, 2.94)

65 to 74 years 2.03 (1.21, 3.43) 2.89 (1.41, 5.94)

>75 years 2.90 (1.43, 5.90) 2.32 (0.85, 6.36)
Gender (female) 1.44 (1.1, 1.83) 1.08 (0.81, 1.44)
History of Hospitalization® 3.47 (2.30, 5.23) 0.75 (0.42, 1.33)
Number of Outpatient
Physician Visits" 1.05 (1.04, 1.06) 1.05 (1.03, 1.06)
Charlson Comorbidity 2.03 (1.55, 2.64) 0.95 (0.63, 1.41)
I ndex
IBD® 30.0 (9.68, 93.02) 42.48 (10.32, 174.80)
Diverticular Disease 4.98 (2.72,9.11) 2.02 (0.96, 4.28)
Gastroesophageal Reflux
Di 4.41 (2.74, 7.08) 1.73 (0.86, 3.46)
Gastric Add Suppressant 4.07 (2.91, 5.69) 1.54 (0.96, 2.46)
oetarlactamase Inhibitor 5.58 (3.79, 8.20) 3.93 (2.46, 6.28)
Cephalosporin Use 4.06 (3.02,5.47) 2.76 (1.91, 3.98)
Clindamycin Use 15.65 (9.09, 26.95) 13.88 (7.35, 26.18)
Fluoroquinolone Use 8.33 (5.94, 11.67) 453 (2.99, 6.85)
Macrolide Use 2.27 (1.68, 3.07) 1.99 (1.39, 2.85)
Penicillin Use 1.86 (1.34, 2.58) 1.73 (1.17, 2.56)
Sulfonamide Use 3.16 (1.79, 5.60) 1.51 (0.74, 3.08)
Tetracycline Use 1.43 (0.75, 2.71) 0.90 (0.41, 1.98)

NOTE: OR=0dds Ratio; Cl=Confidence Interval

NOTE: c-statistic = 0.836

& Adjusted for all covariates shown



Table 21. continued
®History of being discharged from a hospitalization in the 365 days prior to diagnosis
date for cases and index date for controls

© Number of outpatient visits in the 365 days prior to diagnosis date for cases and index
date for controls

4Charlson ME, et al. J Chronic Dis. 1987;40:373-383.
® Inflammatory bowel disease (IBD) includes Crohn’s disease and ulcecatitie

"Includes any use of proton pump inhibitors efreceptor antagonists.
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Table 22. Relationship between Timing of Antimicrobial Useand CA-CDI among
Cases and Controls.

Unadjusted Adjusted
Variable OR 95% ClI OR? 95% Cl

Timing of Antimicrobial Use

No Use reference -- reference --

Within 1-30 Days 12.06 (8.88, 16.36) 10.93 (7.78, 15.35)

Within 31-60 Days 6.25 (4.06, 9.63) 4.91 (3.05, 7.91)

Within 61-90 Days 2.50 (1.40, 4.47) 1.98 (1.05, 3.73)

Within 91-120 Days 2.84 (1.63, 4.93) 2.03 (1.10, 3.75)

Within 121-150 Days 2.30 (1.12, 4.73) 2.43 (1.11, 5.29)

Within 151-180 Days 1.39 (0.50, 3.91) 1.07 (0.34, 3.34)
Ageinyrs. (by category)

<18 years 0.48 (0.34, 0.66) reference --

19 to 49 years 0.94 (0.74, 1.19) 1.96 (1.32, 2.92)

50 to 64 years 1.49 (1.16, 1.91) 2.02 (1.32, 3.08)

65 to 74 years 2.03 (1.21, 3.43) 2.85 (1.36, 5.96)

>75 years 2.90 (1.43, 5.90) 2.68 (1.04, 6.91)
Gender (female) 1.44 (1.13, 1.83) 1.06 (0.80, 1.41)
History of Hospitalization® 3.47 (2.30, 5.23) 1.08 (0.62, 1.87)
Number of Physician Visits® 1.05 (1.04, 1.06) 1.04 (1.03, 1.06)
Charlson Comorbid I ndex 2.03 (1.55, 2.64) 0.95 (0.65, 1.40)
IBD® 30.0 (9.68, 93.02) 48.97 (12.28, 195.27)
Diverticular Disease 4.98 (2.72, 9.11) 2.24 (1.05, 4.76)
Gastr oesophageal Reflux 4.41 (2.74, 7.08) 1.34 (0.60, 2.61)
Gastric Acid Suppressant 4.07 (2.91, 5.69) 1.78 (1.12, 2.82)

Use

NOTE: OR=0dds Ratio; Cl=Confidence Interval

NOTE: c-statistic = 0.840
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Table 22. continued

& Adjusted for all covariates shown

P History of being discharged from a hospitalization in the 365 days prior to diagnosi
date for cases and index date for controls

“ Number of outpatient visits in the 365 days prior to diagnosis date for cases and index
date for controls

dCharlson ME, et al. J Chronic Dis. 1987;40:373-383.

® Inflammatory bowel disease (IBD) includes Crohn’s disease and ulcecatitie
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Table 23. Relationship between Total Number of Different Antimicrobial Agents
and CA-CDI among Cases and Controls.

Unadjusted Adjusted
Variable OR 95% ClI OR? 95% ClI

E;;“n?g of Antimicrobial 2.72 (2.40, 3.09) 2.49 (2.16, 2.87)
Ageinyrs. (by category)

<18 years 0.48 (0.34, 0.66) reference --

19 to 49 years 0.94 (0.74, 1.19) 2.08 (1.39, 3.10)

50 to 64 years 1.49 (1.16, 1.91) 2.18 (1.43, 3.33)

65 to 74 years 2.03 (1.21, 3.43) 3.05 (1.49, 6.24)

>75 years 2.90 (1.43, 5.90) 2.52 (0.99, 6.43)
Gender (female) 1.44 (1.13, 1.83) 1.08 (0.82, 1.43)
History of Hospitalization® 3.47 (2.30, 5.23) 0.86 (0.50, 1.48)
'F\,'ﬁ%z?;ﬂ,%ﬂtsﬂa“em 1.05 (1.04, 1.06) 1.04 (1.03, 1.06)
ma&?’” Comorbid 2.03 (1.55, 2.64) 0.98 (0.68, 1.40)
IBD' 30.0 (9.68, 93.02) 40.56 (10.32, 159.33)
Diverticular Disease 4.98 (2.72,9.11) 2.33 (1.13, 4.82)
Gastroesophageal ReflLix 4.41 (2.74, 7.08) 1.63 (0.85, 3.12)
Gairic Add Suppressant 4.07 (2.91, 5.69) 1.56 (1.00, 2.45)

NOTE: OR=0dds Ratio; CI=Confidence Interval
NOTE: c-statistic = 0.827
& Adjusted for all covariates shown

P Total number of antimicrobial agents utilized in the 180 days prior to diagnosis date for
cases and index date for controls

“History of being discharged from a hospitalization in the 365 days prior to diagnosis
date for cases and index date for controls.

4 Number of outpatient visits in the 365 days prior to diagnosis date for cases and index
date for controls



13¢:
Table 23. continued

®Charlson ME, et al. J Chronic Dis. 1987;40:373-383.
" Inflammatory bowel disease (IBD) includes Crohn’s disease and ulceraliti® c

91ncludes any use of proton pump inhibitors efreceptor antagonists
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Table 24. Relationship between Timing of Gastric Acid Suppressant Use and CA-
CDI among Cases and Controls.

Variable Unadjusted OR 95% ClI
Timing of Gastric Acid Suppressant
Use®
No Use reference -
Within 1-30 Days 4.09 (2.79, 6.00)
Within 31-60 Days 2.75 (0.78,9.71)
Within 61-90 Days 4.22 (1.34, 13.31)
Within 91-120 Days 6.59 (1.92, 22.65)
Within 121-150 Days 3.48 (0.94, 12.87)

NOTE: OR=0dds Ratio; Cl=Confidence Interval

%Includes any use of proton pump inhibitors efreceptor antagonists
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Table 25. Relationship between Antimotility Agent Use and CA-CDI among Cases

and Controls.
Unadjusted Adjusted
Variable OR 95% ClI OR? 95% Cl

Antimotility Agent Use 126.67 (39.10, 410.33) 91.43 (25.45, 328.44)
Ageinyrs. (by category)

<18 years 0.48 (0.34, 0.66) reference --

19 to 49 yeas 0.94 (0.74, 1.19) 1.67 (1.08, 2.59)

50 to 64 years 1.49 (1.16, 1.91) 1.84 (1.15, 2.93)

65 to 74 years 2.03 (1.21, 3.43) 2.69 (1.25, 5.78)

>75 years 2.90 (1.43, 5.90) 2.67 (0.89, 8.05)
Gender (female) 1.44 (1.13, 1.83) 1.09 (0.80, 1.48)
History of Hospitalization® 3.47 (2.30, 5.23) 0.87 (0.48, 1.60)
\N/ius'.’t‘stier of Physician 1.05 (1.04, 1.06) 1.04 (1.03, 1.05)
Charlson Comorbid I ndex 2.03 (1.55, 2.64) 0.83 (0.55, 1.25)
IBD® 30.0 (9.68, 93.02) 57.68 (13.90, 239.4)
Diverticular Disease 4.98 (2.72,9.11) 2.17 (0.97, 4.85)
Gastr oesophagesl Reflux 4.41 (2.74,7.08) 1.81 (0.87,3.79)
Disease
Sg‘eﬁ"iCAdd Suppressant 4.07 (2.91,5.69)  1.50 (0.91, 2.46)
Sgea"adamase Inhibitor 5.58 (3.79, 8.20) 450 (2.75, 7.37)
Cephalosporin Use 4.06 (3.02, 5.47) 2.61 (1.76, 3.88)
Clindamycin Use 15.65 (9.09, 26.95) 12.59 (6.38, 24.85)
Fluoroquinolone Use 8.33 (5.94, 11.67) 4.56 (2.90, 7.17)
Macrolide Use 2.27 (1.68, 3.07) 2.07 (1.42, 3.03)
Penicillin Use 1.86 (1.34, 2.58) 1.71 (1.13, 2.59)
Sulfonamide Use 3.16 (1.79, 5.60) 1.53 (0.74, 3.17)
Tetracycline Use 1.43 (0.75, 2.71) 0.90 (0.39, 2.05)
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Table 25. continued

NOTE: OR=0dds Ratio; CI=Confidence Interval
NOTE: c-statistic = 0.852
& Adjusted for all covariates shown

P History of being discharged from a hospitalization in the 365 days prior to diagnosis
date for cases and index date for controls

“ Number of outpatient visits in the 365 days prior to diagnosis date for cases and index
date for controls

4Charlson ME, et al. J Chronic Dis. 1987;40:373—383.
® Inflammatory bowel disease (IBD) includes Crohn’s disease and ulcecatitie

"Includes any use of proton pump inhibitors efreceptor antagonists



Table 26. Relationship between Timing of Antimotility Agent Useand CA-CDI
among Cases and Controls.

Variable Unadjusted OR 95% CI
Timing of Antimotility Agent Use
No Use reference --
Within 1-7 Days 90.00 (20.88, 387.87)

NOTE: OR=0dds Ratio; CI=Confidence Interval

NOTE: Insufficient numbers of CA-CDI cases were available in othéngiiwategories,
thus odds ratios and confidence intervals could not be estimated.



Main Analysis: 304 CA-CDI Caseg
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Sensitivity Analysis #1:
241 CA-CDI

CA-CDI cases defined as a
primary or secondary diagnosis
of ICD-9 code 008.45 in the
outpatient setting without a
history of being discharged fron
a hospital during the 12 weeks
prior to diagnosis

Excluded cases with:

Sensitivity Analysis #2;
246 CA-CDI Cases

«a diagnosis of a gastrointestin
condition in the previous year;
or,

«a history of hospitalization
within the previous 6 months;
or,

«history of outpatient dialysis o
chemotherapy in the previous

year

Figure4. Summary of Sensitivity Analyses.

Sensitivity Analysis #1.:

299 CA-CDI Cases
Redefined CDI diagnosis date for
cases with:

«a prescription drug claim

associated for antimotility

agents in the previous 180

days; or,

a prescription drug claim

for oral vancomycin in the

previous 180 days; or,

«a diagnosis of non-specifi¢

diarrheal disease in the

previous180 days




Table 27. Comparison of the Demographic and Clinical Characteristics of
Community-associated C. difficile Infection Cases and Matched Controls
following Application of a Secondary Case Definition.

CA-CDI
Cases Controls
Variable (N =241) (N = 2410) p-value®

Mean Age in Years + SD (Range) 42.(717—18132)).01 35(173119(%)99 <0.0001
Age in years (by category)

<18 years 29 (12.03) 651 (27.01)

19 to 49 years 113 (46.89) 1022 (42.41)

50 to 64 years 80 (33.20) 640 (26.56) <0.0001

65 to 74 years 12 (4.98) 68 (2.82)

>75 years 7 (2.90) 29 (1.20)
Gender (female) 141 (58.51) 1250 (51.87) 0.0491
riistory of ospitalization In 28 (11.62) 78 (3.24) <0.0001
Mean Number of Outpatient
Ehsysician Visits in Previous Year 17.54 +16.59 8.02£10.31 <0.0001
Number of Comorbid ConditioRs

0 184 (76.35) 2261 (93.82) <0.0001

1 41 (17.01) 123 (5.10)

2 11 (4.56) 20 (0.83)

3+ 5 (2.08) 6 (0.25)
Miean Number of Comorbid 0.34+0.75 0.08 +0.32 <0.0001
(P:[)enscﬁgg?f of a Gastrointestinal 37 (15.35) 73 (3.03) <0.0001
yean Charison Comorbidity Index 19 + 0,67 0.05 +0.26 <0.0001
Charlson Comorbidity Index Score

0 212 (87.97) 2319 (96.22)

1 21 (8.71) 75 (3.11)

2 5 (2.07) 12 (0.50)

3 1 (0.41) 3(0.12) <0.0001

4 1 (0.41) 1 (0.04)

5+ 1 (0.41) 0 (0)




Table 27. continued
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Mean Number of Antimicrobial
Agents + SD 1.22+1.06 0.39 £ 0.68 <0.0001
Mean Number of Days of
Antimicrobial Use + SD 16.26 + 136.23 3.69 +7.98 <0.0001
Antimicrobial Use
Any 179 (74.27) 719 (29.83)
<0.0001
None 62 (25.73) 1691 (70.17)
Receipt of a Gastric Acid
Suppressaht 47 (19.50) 122 (5.06) <0.0001

NOTE. Data are number (%) of patients, unless otherwise stated.

& p-value obtained from Student’s t-test for comparing mean values for continuous
variables and chi-square test for comparing frequency distributions fgooatd

variables

® Includes Charlson comorbid conditions and gastrointestinal conditions

¢ Includes peptic ulcer disease, inflammatory bowel disease (Crohe&sdidUlcerative
Colitis), diverticular disease, and gastroesophageal reflux diseas®|GER

4 Includes proton pump inhibitors (PPIs) and histamine-2 receptor antagonis$ (H
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Table 28. Prevalence of Charlson Chronic Comorbid Conditions among
Community-associated C. difficile Cases and Controlsfollowing
Application of a Secondary Case Definition.

CA-CDI Cases Controls
(N = 241) (N = 2410)
N (%) N (%)
Charlson Comorbid Condition®

Acute Myocardial Infarction 0 (0) 2 (0.08)
Old Myocardial Infarction 2 (0.83) 4(0.17)
Congestive Heart Failure 3(1.24) 5(0.21)
Peripheral Vascular Disease 0 (0) 2 (0.08)
Cerebrovascular Disease 1(0.41) 12 (0.50)
Chronic Pulmonary Disease 16 (6.64) 27 (1.12)
Dementia 2 (0.83) 0(0)
Rheumatic Disease 3 (1.24) 5(0.21)
Peptic Ulcer Disease, excluding bleeding 0 (0) 0 (0)
Mild Liver Disease 0 (0) 0 (0)
Diabetes without chronic complications 10 (4.15) 35 (1.45)
Diabetes with chronic complications 2 (0.83) 6 (0.25)
Hemiplegia or Paraplegia 0(0) 1(0.04)
Chronic Renal Failure 3 (1.24) 5(0.21)
Any Malignancy 0 (0) 0 (0)
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Table 28. continued

Moderate or Severe Liver Disease 0 (0) 0 (0)
Metastatic Solid Tumor 0(0) 0 (0)
AIDS/HIV® 0 (0) 0 (0)

Gastrointestinal Conditions

Inflammatory Bowel Disease (IBB) 9 (3.73) 4 (0.17)
Diverticular Disease 12 (4.98) 24 (1.00)
Gastroesophageal Reflux Disease (GERD) 19 (7.88) 49 (2.03)

& Charlson ME, et al. J Chronic Dis. 1987;40:373-383.
®Includes lymphoma and leukemia, except malignant neoplasm of skin

“AIDS/HIV = Acquired Immune Deficiency Syndrome/Human Immunodeficy Virus

9Includes Crohn’s disease and ulcerative colitis
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Table 29. Antimicrobial Usein the 180 days prior to Diagnosis or Index Date among
Community-associated C. difficile Infection Cases and Matched Controls

following Application of a Secondary Case Definition.

CA-CDI Cases Controls
(N =241) (N =2410)
Antimicrobial
Exposure N (%) N (%)
Number of
Antimicrobials
g'fpggﬂfe“cr"b'a' 62 (25.73) 1691 (70.17)
1 antimicrobial 103 (42.74) 543 (22.53)
2 antimicrobials 49 (20.33) 140 (5.81)
3 antimicrobials 18 (7.47) 28 (1.16)
4 antimicrobials 8 (3.32) 7 (0.29)
5+ antimicrobials 1(0.41) 1(0.04)
Antimicrobial Class Antimicrobial Drug
Aminoglycosides 1(0.41) 1(0.04)
Gentamycin 0 (0) 1(0.04)
Neomycin 1(0.41) 0 (0)
:Bnert]?t-)li?g:zmase Amoxicillin-clavulanate 36 (14.94) 75 (3.11)
Cephalosporins 55 (22.82) 173 (7.18)
First-generation 23 (9.54) 121 (5.02)
Cephalexin 20 (8.30) 113 (4.69)
Cefadroxil 3(1.24) 8 (0.33)
Second-generation 17 (7.05) 35 (1.45)
Cefprozil 6 (2.49) 15 (0.62)
Cefuroxime 11 (4.56) 10 (0.41)
Cefaclor 1(0.41) 10 (0.41)
Third-generation 18 (7.47) 24 (1.00)
Cefdinir 14 (5.81) 23 (0.95)
Cefditoren 1(0.41) 0 (0)
Cefpodoxime 5 (2.07) 1(0.04)




Table 29. continued
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Lincomycin
Derivatives

Fluoroquinolones

Macrolides

Penicillins

Rifamycin derivatives
Sulfonamides

Tetracyclines

Miscellaneous
Antimicrobials

Clindamycin

Gatifloxacin
Levofloxacin
Moxifloxacin
Ciprofloxacin

Azithromycin
Clarithromycin
Erythromycin
Telithromycin

Amoxicillin
Ampicillin
Dicloxacillin
Penicillin
Rifampin

Trimethoprim-
sulfamethoxazole

Tetracycline
Minocycline
Doxycycline

Intravenous Vancomycin

26 (10.79)

52 (21.99)
1(0.41)
22 (9.13)
4 (1.66)
31 (12.86)
50 (20.75)
41 (17.01)
7 (2.90)
2 (0.83)
2 (0.83)
35 (14.52)
30 (12.45)
0 (0)
0 (0)
5 (2.07)
1(0.41)

10 (4.15)

10 (4.15)
1 (0.41)
1 (0.41)
8 (3.32)

3 (1.24)

21 (0.87)

76 (3.15)
1 (0.04)
37 (1.54)
7 (0.29)
32 (1.33)
228 (9.46)
191 (7.93)
28 (1.16)
13 (0.54)
6 (0.25)
235 (9.75)
207 (8.59)
4 (0.17)
4 (0.17)
23 (0.95)
0 (0)

44 (1.83)

64 (2.66)

8 (0.33)
18 (0.75)
40 (1.66)

0 (0)
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Table 30. Timing of Antimicrobial Use among Community-associated C. difficile
Cases and Controlswithin the 180 days prior to diagnosisor index date

following Application of a Secondary Case Definition.

CA-CDI Cases Controls
(N = 241) (N = 2410)
Timing of Antimicrobial Use N (%) N (%)

No Use 62 (25.73) 1691 (70.17)
Within 1-30 Days 108 (44.81) 236 (9.79)
Within 31-60 Days 30 (12.45) 117 (4.85)
Within 61-90 Days 14 (5.81) 122 (5.06)
Within 91-120 Days 14 (5.81) 118 (4.90)
Within 121-150 Days 9 (3.73) 73 (3.03)
Within 151-180 Days 4 (1.66) 53 (2.20)
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Table 31. Prevalence of Gastric Acid Suppressant Use among Community-
associated C. difficile Infection Casesand Matched Controlsin the 180
daysprior to Diagnosisor Index Date following Application of a

Secondary Case Definition.

CA-CDI Cases Controls
(N =241) (N =2410)
N (%) N (%)
gusgr‘)’: Any Gedric Add 47 (19.50) 122 (5.06)
Drug Class Medication
Proton Pump Inhibitors 42 (17.43) 122 (5.06)
Esomeprazole 13 (5.39) 31 (1.29)
Lansoprazole 14 (5.81) 33 (1.37)
Omeprazole 11 (4.56) 29 (1.20)
Pantoprazole 4 (1.66) 12 (0.50)
Rabeprazole 3 (1.24) 9 (0.37)
H,-Receptor Antagonists 5 (2.07) 16 (0.66)
Cimetidine 0 (0) 2 (0.08)
Famotidine 2 (0.83) 4(0.17)
Ranitidine 3 (1.24) 10 (0.41)

#Includes the use of all medications classified as either a proton pump inhilditer or

receptor antagonist
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Table 32. Relationship between Community-associated CDI and Antimicrobial Use,
Demographic Characteristics, Healthcar e Utilization, and Gastric Acid
Suppressant Use among Cases and Controlsfollowing Application of a
Secondary Case Definition.

Unadjusted Adjusted
Variable OR 95% ClI OR? 95% ClI

Agein years (by category)

<18 years 0.37 (0.25, 0.55) reference --

19 to 49 years 1.20 (0.92, 1.56) 2.76 (1.69, 4.49)

50 to 64 years 1.37 (1.04, 1.82) 2.50 (1.48, 4.21)

65 to 74 years 1.80 (0.96, 3.38) 3.20 (1.36, 7.53)

>75 years 2.45 (.06, 5.64) 1.94 (0.58, 6.50)
Gender (female) 1.31 (1.00, 1.71) 1.09 (0.79, 1.48)
History of Hospitalization® 3.96 (2.51, 6.26) 0.94 (0.49, 1.79)
E‘ﬁ%ﬁ?;ﬂ,%ﬂtga“em 1.05 (1.04, 1.06) 1.02 (1.01, 1.04)
Charlson Comorbid I ndex* 2.16 (1.61, 2.91) 1.14 (0.75, 1.73)
IBD® 22.5 (6.93, 73.06) 23.63 (5.19, 107.62)
Diverticular Disease 5.09 (2.53, 10.25) 1.74 (0.73, 4.13)
Gastroesophageal ReflLix 411 (2.38, 7.10) 1.48 (0.69, 3.17)
Gastric Add Suppressant 454 (3.14, 6.57) 2.03 (1.23, 3.36)
oetavlactamase Inhibitor 5.55 (3.61, 8.52) 4.62 (2.76, 7.74)
Cephalosporin Use 3.89 (2.76, 5.49) 2.95 (1.93, 4.51)
Clindamycin Use 14.31 (7.74, 26.46) 11.25 (5.56, 22.76)
Fluoroquinolone Use 8.17 (5.60, 11.93) 4.07 (2.56, 6.46)
Macrolide Use 2.48 (1.77, 3.48) 2.14 (1.44, 3.18)
Penicillin Use 1.58 (1.08, 2.32) 1.58 (1.01, 2.50)
Sulfonamide Use 2.32 (1.16, 4.68) 1.37 (0.60, 3.11)
Tetracycline Use 1.59 (0.80, 3.13) 1.08 (0.48, 2.42)

NOTE: OR=0dds Ratio; Cl=Confidence Interval
NOTE: c-statistic = 0.827

& Adjusted for all covariates shown
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Table 32. continued
®History of being discharged from a hospitalization in the 365 days prior to diagnosis
date for cases and index date for controls

“ Number of outpatient visits in the 365 days prior to diagnosis date for cases and index
date for controls

4Charlson ME, et al. J Chronic Dis. 1987;40:373-383.
® Inflammatory bowel disease (IBD) includes Crohn’s disease and ulcecatitie

"Includes any use of proton pump inhibitors efreceptor antagonists
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Table 33. Relationship between Timing of Antimicrobial Use and CA-CDI among
Cases and Controlsfollowing Application of a Secondary Case Definition.

Unadjusted Adjusted
Variable OR 95% ClI OR? 95% Cl

Timing of Antimicrobial
Use

No Antimicrobial Use reference -- reference --

Within 1-30 Days 12.61 (8.89, 17.89) 12.56 (8.52, 18.50)

Within 31-60 Days 6.89 (4.26, 11.14) 5.93 (3.48, 10.09)

Within 61-90 Days 3.02 (1.63, 5.61) 2.78 (1.42, 5.44)

Within 91-120 Days 3.06 (1.65, 5.67) 2.24 (1.14, 5.44)

Within 121-150 Days 3.27 (1.56, 6.85) 3.83 (1.74, 8.44)

Within 151-180 Days 2.09 (0.73, 6.00) 1.77 (0.56, 5.57)
Agein years (by category)

<18 years 0.37 (0.25, 0.55) reference --

19 to 49 years 1.20 (0.92, 1.56) 3.10 (1.95, 4.95)

50 to 64 years 1.37 (1.04, 1.82) 2.60 (1.57, 4.29)

65 to 74 years 1.80 (0.96, 3.38) 3.12 (1.30, 7.48)

>75 years 2.45 (1.06, 5.64) 2.46 (0.80, 7.57)
Gender (female) 1.31 (1.00, 1.71) 1.03 (0.75, 1.41)
History of Hospitalization" 3.96 (2.51, 6.26) 1.32 (0.71, 2.43)
'F\,'#)gt::?;r?‘;/%ﬂtga“e”t 1.05 (1.04, 1.06) 1.02 (1.01, 1.04)
ﬁ%"{er)i(?o” Comorbid 2.16 (1.61, 2.91) 1.20 (0.80, 1.78)
IBD® 22.5 (6.93, 73.06) 29.22 (6.61, 129.25)
Diverticular Disease 5.09 (2.53, 10.25) 1.90 (0.80, 4.52)
gggf"phagea' Reflux 411 (2.38, 7.10) 1.22 (0.58, 2.56)
Gastric Acid Suppressant 4.07 (2.91, 5.69) 2.24 (1.37, 3.65)

Use

NOTE: OR=0dds Ratio; Cl=Confidence Interval
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Table 33. continued

NOTE: c-statistic = 0.831
& Adjusted for all covariates shown

P History of being discharged from a hospitalization in the 365 days prior to diagnosis
date for cases and index date for controls

“ Number of outpatient visits in the 365 days prior to diagnosis date for cases and index
date for controls

dCharlson ME, et al. J Chronic Dis. 1987;40:373-383.

® Inflammatory bowel disease (IBD) includes Crohn’s disease and ulcecatitie

"Includes any use of proton pump inhibitors efreceptor antagonists
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Table 34. Relationship between Total Number of Different Antimicrobial Agents
and CA-CDI among Cases and Controlsfollowing Application of a
Secondary Case Definition.

Unadjusted Adjusted
Variable OR 95% ClI OR? 95% Cl

E;;“n?g of Antimicrobial 2.67 (2.31, 3.08) 2.02 (1.25, 3.25)
Agein years (by category)

<18 years 0.37 (0.25, 0.55) reference --

19 to 49 years 1.20 (0.92, 1.56) 3.14 (1.96, 5.04)

50 to 64 years 1.37 (1.04, 1.82) 2.72 (1.65, 4.48)

65 to 74 years 1.80 (0.96, 3.38) 3.54 (1.53, 8.22)

>75 years 2.45 (1.06, 5.64) 2.06 (0.66, 6.38)
Gender (female) 1.31 (1.00, 1.71) 1.07 (0.79, 1.46)
History of Hospitalization® 3.96 (2.51, 6.26) 1.07 (0.58, 1.96)
E‘ﬁ%ﬁ?;ﬁ(,%ﬂ;@a“em 1.05 (1.04, 1.06) 1.02 (1.01, 1.04)
Char son Comorbid 2.16 (161, 2.91) 1.17 (0.81, 1.69)
IBD' 225 (6.93, 73.06) 22.70 (5.22, 98.80)
Diverticular Disease 5.09 (2.53, 10.25) 1.95 (0.85, 4.46)
Gastroesophageal ReflLix 411 (2.38, 7.10) 1.50 (0.73, 3.07)
Gagtric Add Suppressant 4.07 (2.91, 5.69) 2.02 (1.25, 3.25)

NOTE: OR=0dds Ratio; CI=Confidence Interval
NOTE: c-statistic = 0.821
& Adjusted for all covariates shown

P Total number of antimicrobial agents utilized in the 180 days prior to diagnosis date for
cases and index date for controls

“History of being discharged from a hospitalization in the 365 days prior to diagnosis
date for cases and index date for controls

4 Number of outpatient visits in the 365 days prior to diagnosis date for cases and index
date for controls
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Table 34. continued

®Charlson ME, et al. J Chronic Dis. 1987 ;40 :373-383.
" Inflammatory bowel disease (IBD) includes Crohn’s disease and ulceraliti® c

91ncludes any use of proton pump inhibitors efreceptor antagonists
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Table 35. Comparison of the Demographic and Clinical Characteristics of
Community-associated C. difficile Infection Cases and Matched Controls
following Exclusion of Cases with Gastrointestinal Conditions or History
of Hospitalization within 6 months of diagnosis.

CA-CDI Cases Controls
Variable (N = 246) (N = 2460) p-value®
Mean Age in Years + SD (Range) 41'(115_1813?'98 35(;33::;&)98 <0.0001
Age Category
<18 years 42 (17.07) 672 (27.32)
19 to 49 years 102 (41.46) 1064 (43.25)
50 to 64 years 84 (34.15) 628 (25.53) 0.0002
65 to 74 years 12 (4.88) 70 (2.85)
>75 years 6 (2.44) 26 (1.06)
Gender (female) 146 (59.35) 1263 (51.34) 0.0165
riistory of ospitalization In 17 (6.91) 84 (3.41) 0.0784
Mean Number of Outpatient
Ehsysician Visits in Previous Year  15.05 + 13.63 7.85+£9.40 <0.0001
Number of Comorbid ConditioRs
0 223 (90.35) 2305 (93.70)
1 21 (8.54) 129 (5.24)
2 1 (0.41) 21 (0.85) 0-2017
3+ 1 (0.41) 5 (0.20)
Miean Number of Comorbid 0.11+0.36 0.08 +0.32 <0.0001
viean Deyo-Charison Comorbid 617 4 0.42 0.05 +0.25 <0.0001
Charlson Comorbidity Index
Score
0 223 (90.65) 2366 (96.18)
1 19 (7.72) 77 (3.13)
2 3(1.220 14 (0.57)
<0.0001
3 0 (0) 3(0.12)
4 1 (0.41) 0 (0)
5+ 0 (0) 0 (0)
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Table 35. continued

Mean Number of Antimicrobial
Agents + SD 1.26 £+1.10 0.40 +0.69 <0.0001
Mean Number of Days of 14.77 + 14.85 376 +7.85 <0.0001

Antimicrobial Use + SD
Antimicrobial Use

Any 180 (73.17) 752 (30.57)
<0.0001
None 66 (26.83) 1708 (69.43)
Receipt of a Gastric Acid
Suppressaht 29 (11.79) 124 (5.04) <0.0001

NOTE. Data are number (%) of patients, unless otherwise stated.

& p-value obtained from Student’s t-test for comparing mean values for continuous
variables and chi-square test for comparing frequency distributions fgooatd

variables

® Includes Charlson comorbid conditions and gastrointestinal conditions

¢ Includes proton pump inhibitors (PPIs) and histamine-2 receptor antagonissy (H



15¢

Table 36. Prevalence of Charlson Chronic Comorbid Conditions among
Community-associated C. difficile Cases and Controlsfollowing
Exclusion of Caseswith Gastrointestinal Conditionsor History of
Hospitalization within 6 months of diagnosis.

CA-CDI Cases Controls
(N = 246) (N =2460)
N (%) N (%)
Charlson Comorbid Condition®
Acute Myocardial Infarction 0 (0) 2 (0.08)
Old Myocardial Infarction 0(0) 4(0.17)
Congestive Heart Failure 0 (0) 5(0.21)
Peripheral Vascular Disease 1(0.41) 2 (0.08)
Cerebrovascular Disease 0(0) 10 (0.41)
Chronic Pulmonary Disease 12 (4.88) 32 (1.30)
Dementia 2 (0.81) 0 (0)
Rheumatic Disease 1(0.41) 5 (0.20)
Peptic Ulcer Disease, excluding bleeding 0 (0) 0 (0)
Mild Liver Disease 0 (0) 0(0)
Diabetes without chronic complications 6 (2.44) 35 (1.42)
Diabetes with chronic complications 1(0.41) 4 (0.16)
Hemiplagia or Paraplegia 1(0.41) 1(0.04)
Chronic Renal Failure 2 (0.81) 6 (0.24)
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Table 36. continued

Any Malignancy 0 (0) 0 (0)
Moderate or Severe Liver Disease 0 (0) 0 (0)
Metastatic Solid Tumor 0(0) 0 (0)
AIDS/HIV® 0 (0) 0 (0)

& Charlson ME, et al. J Chronic Dis. 1987;40:373-383.
®Includes lymphoma and leukemia, except malignant neoplasm of skin

“AIDS/HIV = Acquired Immune Deficiency Syndrome/Human Immunodeficiy Virus



Table 37. Prevalence of Gastric Acid Suppressant Use among Community-
associated C. difficile Infection Casesand Matched Controlsin the 180
daysprior to diagnosisor index date following Exclusion of Cases with
Gastrointestinal Conditions or History of Hospitalization within 6 months
of diagnosis.

CA-CDI Cases Controls
(N = 246) (N = 2460)
N (%) N (%)
gusgr‘)’: Any Gesric Add 29 (11.79) 124 (5.04)
Drug Class Medication
Proton Pump Inhibitors 23 (9.35) 124 (5.04)
Esomeprazole 10 (4.07) 36 (1.46)
Lansoprazole 5 (2.03) 31 (1.26)
Omeprazole 7 (2.85) 24 (0.98)
Pantoprazole 1(0.41) 14 (0.57)
Rabeprazole 1(0.41) 9 (0.37)
H,-Receptor Antagonists 6 (2.44) 19 (0.77)
Cimetidine 1(0.41) 2 (0.08)
Famotidine 2 (0.81) 3(0.12)
Ranitidine 3(1.22) 14 (0.57)

#Includes the use of all medications classified as either a proton pump inhilditer or
receptor antagonist
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Table 38. Antimicrobial Usein the 180 days prior to diagnosisor index date among
Community-associated C. difficile I nfection Cases and Matched Controls
Following Exclusion of Cases with Gastrointestinal Conditionsor History
of Hospitalization within 6 months of diagnosis.

CA-CDI Cases Controls
(N = 246) (N = 2460)
Antimicrobial
Exposure N (%) N (%)
Antimicrobids  expostre. 66 (26.83) 1708 (69.43)
1 antimicrobial 96 (39.02) 568 (23.09)
2 antimicrobials 51 (20.73) 148 (6.02)
3 antimicrobials 23 (9.35) 28 (1.14)
4 antimicrobials 9 (3.66) 7 (0.28)
5+ antimicrobials 1(0.41) 1 (0.04)
Antimicrobial Class Antimicrobial Drug
Aminoglycosides 1(0.41) 1(0.04)
Gentamycin 0 (0) 1(0.04)
Neomycin 1(0.41) 0 (0)
:Bnert]?t-)li?g:zmase Amoxicillin-clavulanate 33(13.41) 84 (3.41)
Cephalosporins 61 (24.80) 192 (7.80)
First-generation 20 (8.13) 133 (5.41)
Cephalexin 18 (7.32) 125 (5.08)
Cefadroxil 2 (0.81) 8 (0.33)
Second-generation 20 (8.13) 47 (1.91)
Cefprozil 8 (3.25) 18 (0.73)
Cefuroxime 12 (4.88) 15 (0.61)
Cefaclor 1(0.41) 14 (0.57)
Third-generation 25 (10.16) 23 (0.93)
Cefdinir 20 (8.31) 23 (0.93)
Cefditoren 1(0.41) 0 (0)
Cefpodoxime 6 (2.44) 0 (0)
Lincormyan Clindamycin 30 (12.20) 22 (0.89)
Fluoroquinolones 50 (20.33) 70 (2.85)




Table 38. continued
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Macrolides

Penicillins

Rifamycin derivatives
Sulfonamides

Tetracyclines

Miscellaneous
Antimicrobials

Gatifloxacin

Levofloxacin
Moxifloxacin
Ciprofloxacin

Azithromycin
Clarithromycin
Erythromycin
Telithromycin

Amoxicillin
Ampicillin
Dicloxacillin
Penicillin
Rifampin

Trimethoprim-
sulfamethoxazole

Tetracycline
Minocycline
Doxycycline

Intravenous Vancomycin

0 (0)
20 (8.13)
7 (2.85)

328 (11.38)
50 (20.33)
41 (16.67)
7 (2.85)
2 (0.81)
2 (0.81)
44 (17.89)
36 (14.63)
1(0.41)

0 (0)

7 (2.85)
2 (0.81)

13 (5.28)

8 (3.25)
1 (0.41)
1 (0.41)
6 (2.44)

3 (1.22)

1 (0.04)
36 (1.46)
7 (0.28)
28 (1.14)
240 (9.76)
203 (8.25)
29 (1.18)
12 (0.49)
7 (0.28)
237 (9.63)
206 (8.37)
4 (0.16)
3(0.12)
29 (1.18)
0 (0)

43 (1.75)

62 (2.52)

7 (0.28)
17 (0.69)
39 (1.59)

0(0)
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Table 39. Timing of Antimicrobial Use among Community-associated C. difficile
Cases and Controlswithin the 180 days prior to diagnosisor index date
following Exclusion of Cases with Gastrointestinal Conditions or History
of Hospitalization within 6 months of diagnosis.

CA-CDI Cases Controls
(N = 246) (N = 2460)
Timing of Antimicrobial Use N (%) N (%)

No Use 66 (26.83) 1708 (69.43)
Within 1-30 Days 117 (47.56) 243 (9.88)
Within 31-60 Days 27 (10.98) 121 (4.92)
Within 61-90 Days 12 (4.88) 130 (5.28)
Within 91-120 Days 14 (5.69) 115 (4.67)
Within 121-150 Days 6 (2.44) 76 (3.09)
Within 151-180 Days 4(1.63) 67 (2.72)
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Table 40. Timing of Gastric Acid Suppressant Use among Community-associated C.
difficile Cases and Controlswithin the 180 days prior to diagnosis or
index date following Exclusion of Cases with Gastrointestinal Conditions

or History of Hospitalization within 6 months of diagnosis.

CA-CDI Cases Controls
(N = 246) (N = 2460)
Timing of Gastric Acid Suppressant Use N (%) N (%)
No Use 249 (81.91) 2883 (94.84)
Within 1-30 Days 41 (13.49) 117 (3.85)
Within 31-60 Days 3 (0.99) 13 (0.43)
Within 61-90 Days 4(1.32) 11 (0.36)
Within 91-120 Days 0 (0) 0 (0)
Within 121-150 Days 0(0) 0 (0)
Within 151-180 Days 0 (0) 0 (0)
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Table 41. Relationship between Community-associated C. difficile Infection and
Antimicrobial Use, Demographic Characteristics, Healthcare Utilization,
and Gastric Acid Suppressant Use among Cases and Controls following
Exclusion of Caseswith Gastrointestinal Conditionsor History of
Hospitalization within 6 months of diagnosis.

Unadjusted Adjusted
Variable OR 95% ClI OR? 95% ClI

Agein years (by category)

<18 years 0.55 (0.39, 0.78) reference --

19 to 49 years 0.93 (0.71, 1.21) 1.73 (1.12, 2.66)

50 to 64 years 1.51 (1.14, 2.00) 2.17 (1.37, 3.45)

65 to 74 years 1.75 (0.94, 3.27) 2.82 (1.28, 6.23)

>75 years 2.33 (0.95, 5.68) 2.49 (0.79, 7.88)
Gender (female) 1.39 (1.01, 1.81) 1.10 (0.81, 1.50)
History of Hospitalization® 2.10 (1.23, 3.59) 0.64 (0.32, 1.28)
E‘ﬁ%ﬁ?;ﬂ,%ﬂtga“em 1.05 (1.04, 1.06) 1.03 (1.02, 1.04)
Charlson Comorbid I ndex* 1.89 (1.35, 2.65) 0.96 (0.60, 1.54)
Gadric Add Suppressant 2,50 (1.63, 3.83) 1.15 (0.68, 1.95)
oetarlactamase Inhibitor 4.48 (2.90, 6.91) 3.64 (2.19, 6.07)
Cephalosporin Use 3.97 (2.85, 5.52) 3.13 (2.11, 4.65)
Clindamycin Use 15.72 (8.74, 28.27) 14.52 (7.44, 28.35)
Fluor oquinolone Use 8.62 (5.79, 12.82) 5.34 (3.36, 8.46)
Macrolide Use 2.35 (1.68, 3.29) 2.17 (1.48, 3.18)
Penicillin Use 2.05 (1.44, 2.91) 1.75 (1.16, 2.65)
Sulfonamide Use 3.12 (1.66, 5.89) 1.43 (0.66, 3.12)
Tetracycline Use 1.30 (0.62, 2.75) 1.15 (0.68, 1.95)

NOTE: OR=0dds Ratio; Cl=Confidence Interval
NOTE: c-statistic = 0.803
& Adjusted for all covariates shown

PHistory of being discharged from a hospitalization in the 365 days prior to diagnosi
date for cases and index date for controls

¢ Number of outpatient visits in the 365 days prior to diagnosis date for cases and index
date for controls
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Table 41. continued

dCharlson ME, et al. J Chronic Dis. 1987;40:373-383.

®Includes any use of proton pump inhibitors efreceptor antagonists
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Table 42. Relationship Between Timing of Antimicrobial Useand CA-CDI among
Cases and Controlsfollowing Exclusion of Cases with Gastrointestinal
Conditions or History of Hospitalization within 6 months of Diagnosis.

Unadjusted Adjusted
Variable OR 95% ClI OR? 95% Cl

Timing of Antimicrobial
Use

No Antimicrobial Use reference -- reference --

Within 1-30 Days 12.78 (9.08, 18.00) 12.69 (8.83, 18.25)

Within 31-60 Days 5.71 (3.49, 9.35) 5.12 (3.05, 8.59)

Within 61-90 Days 2.37 (1.24, 4.52) 2.24 (1.15, 4.35)

Within 91-120 Days 3.03 (1.64, 5.60) 2.49 (1.31, 4.73)

Within 121-150 Days 1.93 (0.81, 4.62) 2.30 (0.96, 5.55)

Within 151-180 Days 1.59 (0.56, 4.52) 1.40 (0.47, 4.17)
Agein years (by category)

<18 years 0.55 (0.39, 0.78) reference --

19 to 49 years 0.93 (0.71, 1.21) 2.00 (1.33, 3.01)

50 to 64 years 151 (1.14, 2.00) 2.31 (1.49, 3.58)

65 to 74 years 1.75 (0.94, 3.27) 2.88 (1.30, 6.38)

>75 years 2.33 (0.95, 5.68) 2.75 (0.95, 7.94)
Gender (female) 1.39 (1.01, 1.81) 1.05 (0.78, 1.43)
History of Hospitalization” 2.10 (1.23, 3.59) 0.86 (0.45, 1.67)
Qﬁ%ﬁ%ﬁ{%ﬂ?aﬂmt 1.05 (1.04, 1.06) 1.03 (1.02, 1.04)
ﬁ]r(‘j"g)i?o” Comorbid 1.89 (1.35, 2.65) 1.08 (0.70, 1.68)
S;i””dd Suppressant 1.59 (0.94, 2.70) 1.35 (0.81, 2.26)

NOTE: OR=0dds Ratio; Cl=Confidence Interval

NOTE: c-statistic = 0.810

& Adjusted for all covariates shown
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Table 42. continued
P History of being discharged from a hospitalization in the 365 days prior to diagnosis

date for cases and index date for controls

“ Number of outpatient visits in the 365 days prior to diagnosis date for cases and index
date for controls

dCharlson ME, et al. J Chronic Dis. 1987;40:373-383.

®Includes any use of proton pump inhibitors efreceptor antagonists
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Table 43. Relationship between Total Number of Different Antimicrobial Agents
and CA-CDI among Cases and Controlsfollowing Exclusion of Cases
with Gastrointestinal Conditions or History of Hospitalization within 6
months of diagnosis.

Unadjusted Adjusted
Variable OR 95% ClI OR? 95% CI

E;;“n?g of Antimicrobial 2.72 (2.36, 3.14) 2.67 (2.29, 3.12)
Agein years (by category)

<18 years 0.55 (0.39, 0.78) reference --

19 to 49 years 0.93 (0.71, 1.21) 2.14 (1.41, 3.25)

50 to 64 years 1.51 (1.14, 2.00) 2.64 (1.70, 4.11)

65 to 74 years 1.75 (0.94, 3.27) 2.90 (1.33, 6.35)

>75 years 2.33 (0.95, 5.68) 3.01 (1.04, 8.65)
Gender (female) 1.39 (1.01, 1.81) 1.10 (0.82, 1.48)
History of Hospitalization® 2.10 (1.23, 3.59) 0.79 (0.41, 1.50)
E‘ﬁ%ﬁ?;ﬁ(,%ﬂtsﬂa“em 1.05 (1.04, 1.06) 1.03 (1.01, 1.04)
ma&?’” Comorbid 1.89 (1.35, 2.65) 0.97 (0.62, 1.53)
Gastric Add Suppressant 1.59 (0.94, 2.70) 1.21 (0.73, 2.02)

NOTE: OR=0dds Ratio; CI=Confidence Interval
NOTE: c-statistic = 0.794
& Adjusted for all covariates shown

P Total number of antimicrobial agents utilized in the 180 days prior to diagnosis date for
cases and index date for controls.

“History of being discharged from a hospitalization in the 365 days prior to diagnosis
date for cases and index date for controls

4 Number of outpatient visits in the 365 days prior to diagnosis date for cases and index
date for controls

€Charlson ME, et al. J Chronic Dis. 1987 ;40 :373-383.

"Includes any use of proton pump inhibitors efreceptor antagonists



Table 44. Comparison of the Demographic and Clinical Char acteristics of
Community-associated C. difficile I nfection Cases and Matched Controls

following Redefinition of Diagnosis Date.

CA-CDI Cases Controls
Variable (N =299) (N = 2990) p-value®
Mean Age in Years + SD (Range) 42'81_i921())'08 35(;{:;&)98 <0.0001
Age Category
<18 years 45 (15.05) 801 (26.79)
19 to 49 years 122 (40.80) 1278 (42.74)
50 to 64 years 104 (34.78) 787 (26.32) <0.0001
65 to 74 years 18 (6.02) 89 (2.98)
>75 years 10 (3.34) 35 (1.17)
Gender (female) 180 (60.30) 1546 (51.71) 0.0050
riistory of ospitalization In 50 (16.72) 100 (3.34) <0.0001
Mean Number of Outpatient
Ehsysician Visits in Previous Year 17.97 +17.76 7.96 £ 10.06 <0.0001
Number of Comorbid ConditioRs
0 239 (79.93) 2792 (93.70)
1 47 (15.72) 162 (5.42)
<0.0001
2 8 (2.68) 31 (1.04)
3+ 5 (1.66) 5 (0.16)
Miean Number of Comorbid 0.27 +0.67 0.08 +0.33 <0.0001
(P:[)enscﬁgg?f of a Gastrointestinal 38 (12.71) 95 (3.18) <0.0001
Mean Charlson Comorbidity 0.15 + 0.60 0.05 +0.26 <0.0001
Charlson Comorbidity Index
Score
0 270 (90.30) 2869 (95.95)
1 22 (7.36) 97 (3.24)
2 4 (1.34) 20 (0.67)
<0.0001
3 1 (0.33) 4 (0.13)
4 1 (0.33) 0 (0)
5+ 1 (0.33) 0 (0)




Table 44. continued
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Mean Number of Antimicrobial
Agents + SD 1.14+1.07 0.40 £ 0.69 <0.0001
Mean Number of Days of
Antimicrobial Use + SD 12.64 + 15.18 3.72+7.87 <0.0001
Antimicrobial Use
Any 203 (67.89) 906 (27.55)
<0.0001
None 96 (32.11) 2084 (69.70)
Receipt of a Gastric Acid
Suppressaht 50 (16.72) 152 (5.08) <0.0001

NOTE. Data are number (%) of patients, unless otherwise stated.

& p-value obtained from Student’s t-test for comparing mean values for continuous
variables and chi-square test for comparing frequency distributions fgooatd

variables

® Includes Charlson comorbid conditions and gastrointestinal conditions

¢ Includes peptic ulcer disease, inflammatory bowel disease (Crohréseljsdicerative
Colitis), diverticular disease, and gastroesophageal reflux diseas®|GER

4 Includes proton pump inhibitors (PPIs) and histamine-2 receptor antagonis$ (H



Table 45. Prevalence of Charlson Chronic Comorbid Conditions among
Community-associated C. difficile Cases and Controlsfollowing
Redefinition of Diagnosis Date.

CA-CDI Cases Controls
(N = 299) (N = 2990)
N (%) N (%)
Charlson Comorbid Condition®
Acute Myocardial Infarction 0 (0) 2 (0.07)
Old Myocardial Infarction 2 (0.67) 4(0.13)
Congestive Heart Failure 3 (1.00) 6 (0.20)
Peripheral Vascular Disease 0 (0) 6 (0.20)
Cerebrovascular Disease 0(0) 13 (0.43)
Chronic Pulmonary Disease 15 (5.02) 39 (1.30)
Dementia 2 (0.67) 0 (0)
Rheumatic Disease 4 (1.34) 6 (0.20)
Peptic Ulcer Disease, excluding bleeding 0 (0) 0 (0)
Mild Liver Disease 0 (0) 0(0)
Diabetes without chronic complications 10 (23.34) 49 (1.64)
Diabetes with chronic complications 2 (0.67) 6 (0.20)
Hemiplegia or Paraplegia 0(0) 1 (0.03)
Chronic Renal Failure 3 (1.00) 7 (0.23)

Any Malignancy

0 (0)

0 (0)




17C

Table 45. continued

Moderate or Severe Liver Disease 0 (0) 0 (0)
Metastatic Solid Tumor 0(0) 0 (0)
AIDS/HIV® 0 (0) 0 (0)

Gastrointestinal Conditions

Inflammatory Bowel Disease (IBB) 8 (2.68) 4(0.13)
Diverticular Disease 10 (3.34) 33 (1.10)
Gastroesophageal Reflux Disease (GERD) 23 (7.69) 63 (2.11)

& Charlson ME, et al. J Chronic Dis. 1987;40:373-383.
®Includes lymphoma and leukemia, except malignant neoplasm of skin
“AIDS/HIV = Acquired Immune Deficiency Syndrome/Human Immunodeficy Virus

4 Includes Crohn’s disease and ulcerative colitis
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Table 46. Antimicrobial Usein the 180 days prior to diagnosisor index date among
Community-associated C. difficile I nfection Cases and Matched Controls
following Redefinition of Diagnosis Date.

CA-CDI Cases Controls
(N =299) (N =2990)
Antimicrobial
Exposure N (%) N (%)
Eﬁ:?rg?(r:rgiaials No antimicrobial exposure 96 (32.11) 2084 (69.70)
1 antimicrobials 110 (36.79) 682 (22.81)
2 antimicrobials 58 (19.40) 181 (6.05)
3 antimicrobials 28 (9.36) 33 (1.10)
4 antimicrobials 6 (2.01) 9 (0.30)
5+ antimicrobials 1(0.33) 1(0.03)
Antimicrobial Class Antimicrobial Drug
Aminoglycosides 1(0.33) 1(0.03)
Gentamycin 0 (0) 1(0.03)
Neomycin 1(0.33) 0 (0)
:Bnert]?t;li?g:gmase Amoxicillin-clavulanate 47 (15.72) 94 (3.14)
Cephalosporins 68 (22.74) 227 (7.59)
First-generation 26 (8.70) 160 (5.35)
Cephalexin 25 (8.36) 150 (5.02)
Cefadroxil 1(0.33) 10 (0.33)
Second-generation 22 (7.36) 51 (1.71)
Cefprozil 8 (2.68) 21 (0.70)
Cefuroxime 13 (4.35) 16 (0.54)
Cefaclor 1(0.33) 14 (0.47)
Third-generation 24 (8.03) 28 (0.94)
Cefdinir 20 (6.69) 27 (0.90)
Cefditoren 1(0.33) 0 (0)
Cefpodoxime 5 (1.67) 1(0.03)
L incomycin Clindamycin 37 (12.37) 26 (0.87)

Derivatives




Table 46. continued

Fluoroquinolones

Macrolides

Penicillins

Rifamycin
derivatives

Sulfonamides

Tetracyclines

Miscellaneous
Antimicrobials

Gatifloxacin

Levofloxacin
Moxifloxacin
Ciprofloxacin

Azithromycin
Clarithromycin
Erythromycin
Telithromycin

Amoxicillin
Ampicillin
Dicloxacillin
Penicillin
Rifampin
Trimethoprim-

sulfamethoxazole

Tetracycline
Minocycline
Doxycycline

Intravenous Vancomycin

51 (17.06)
0 (0)
24 (8.03)
6 (2.01)
24 (8.03)
56 (18.73)
46 (15.38)
9 (3.01)
1(0.33)

2 (0.67)
44 (14.72)
35 (11.71)
1(0.33)
0 (0)

8 (2.68)

1(0.33)

14 (4.68)

11 (3.68)
1(0.33)
1(0.33)
9 (3.01)

0 (0)

92 (3.08)
1 (0.03)
47 (1.57)
7 (0.23)
39 (1.30)
295 (9.87)
247 (8.26)
36 (1.20)
17 (0.57)
7 (0.23)
286 (9.57)
251 (8.39)
4(0.13)
4 (0.13)
32 (1.07)

0 (0)

52 (1.74)

78 (2.61)

9 (0.30)
25 (0.84)
46 (1.54)

0 (0)
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Table47. Timing of Antimicrobial Use among Community-associated C. difficile
Cases and Controlswithin the 180 days prior to Diagnosisor Index Date
following Redefinition of Diagnosis Date.

CA-CDI Cases Controls
(N =299) (N =2990)
Timing of Antimicrobial Use N (%) N (%)
No Use 96 (32.11) 2084 (69.70)
Within 1-30 Days 142 (47.49) 301 (10.07)
Within 31-60 Days 21 (7.02) 145 (4.85)
Within 61-90 Days 12 (4.01) 149 (4.98)
Within 91-120 Days 13 (4.35) 141 (4.72)
Within 121-150 Days 11 (3.68) 96 (3.21)
Within 151-180 Days 4 (1.34) 74 (2.47)
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Table 48. Prevalence of Gastric Acid Suppressant Use among Community-
associated C. difficile Infection Casesand Matched Controlsin the 180
daysprior to Diagnosisor Index Date following Redefinition of Diagnosis

Date.
CA-CDI Cases Controls
(N =299) (N =2990)
N (%) N (%)
gusgr‘)’: Any Gedric Add 50 (16.72) 152 (5.08)
Drug Class Medication
Proton Pump Inhibitors 45 (15.05) 131 (4.38)
Esomeprazole 15 (5.02) 40 (1.34)
Lansoprazole 16 (5.35) 37 (1.24)
Omeprazole 14 (4.68) 35 (1.17)
Pantoprazole 3 (1.00) 15 (0.50)
Rabeprazole 3 (1.00) 11 (0.37)
H,-Receptor Antagonists 6 (2.01) 25 (0.84)
Cimetidine 1(0.33) 4(0.13)
Famotidine 3 (1.00) 5(0.17)
Ranitidine 2 (0.67) 16 (0.54)

®Includes the use of all medications classified as either a proton pump inhilditer or
receptor antagonist



Table 49. Relationship between Community-associated C. difficile Infection and
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Antimicrobial Use, Demographic Characteristics, Healthcare Utilization,
and Gastric Acid Suppressant Use among Cases and Controls following

Redefinition of Diagnosis Date.

Unadjusted Adjusted
Variable OR 95% ClI OR? 95% ClI

Agein years (by category)

<18 years 0.49 (0.35, 0.67) reference --

19 to 49 years 0.92 (0.73, 1.18) 1.64 (1.09, 2.47)

50 to 64 years 1.49 (1.16, 1.92) 1.86 (1.20, 2.86)

65 to 74 years 2.11 (1.25, 3.56) 3.13 (1.56, 6.28)

>75 years 2.90 (1.43, 5.90) 2.64 (1.03, 6.71)
Gender (female) 1.42 (1.11, 1.81) 1.11 (0.84,1.47)
History of Hospitalization® 4.31 (3.03, 6.12) 2.63 (1.63, 4.25)
PhirBer of Physidan 1.05 (1.04, 1.06) 1.03 (1.02, 1.04)
Charlson Comorbid I ndex* 1.88 (1.42, 2.48) 0.73 (0.50, 1.06)
IBD® 20.0 (6.02, 66.42) 15.91 (3.43, 73.79)
Diverticular Disease 3.08 (1.51, 6.30) 0.71 (0.28, 1.79)
Gastroesophageal ReflLix 3.87 (2.36, 6.35) 1.34 (0.68, 2.64)
Gastric Add Suppressant 411 (2.93, 5.77) 1.62 (1.02, 2.56)
oetavlactamase Inhibitor 6.13 (4.12, 8.93) 4.69 (2.99, 7.35)
Cephalosporin Use 3.99 (2.96, 5.39) 2.41 (1.67, 3.49)
Clindamycin Use 16.59 (9.69, 28.41) 15.38 (8.29, 28.55)
Fluoroquinolone Use 8.63 (6.13, 12.14) 3.42 (2.21, 5.32)
Macrolide Use 2.41 (1.79, 3.26) 1.90 (1.32, 2.72)
Penicillin Use 1.90 (1.37, 2.64) 1.36 (0.91, 2.02)
Sulfonamide Use 3.16 (1.79, 5.60) 1.60 (0.77, 3.31)
Tetracycline Use 1.56 (0.84, 2.89) 0.98 (0.46, 2.08)

NOTE: OR=0dds Ratio; Cl=Confidence Interval

NOTE: c-statistic = 0.818

& Adjusted for all covariates shown
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Table 49. continued
®History of being discharged from a hospitalization in the 365 days prior to diagnosis
date for cases and index date for controls

“ Number of outpatient visits in the 365 days prior to diagnosis date for cases and index
date for controls

4Charlson ME, et al. J Chronic Dis. 1987;40:373-383.
® Inflammatory bowel disease (IBD) includes Crohn’s disease and ulcecatitie

"Includes any use of proton pump inhibitors erelceptor antagonists
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Table 50. Relationship between Timing of Antimicrobial Use and CA-CDI among
Cases and Controlsfollowing Redefinition of Diagnosis Date.

Unadjusted Adjusted
Variable OR 95% Cl OR? 95% Cl

Timing of Antimicrobial Use

No Antimicrobial Use reference -- reference --

Within 1-30 Days 10.38 (7.74, 13.94) 9.83 (7.11, 13.60)

Within 31-60 Days 3.07 (1.85, 5.09) 2.64 (1.53, 4.56)

Within 61-90 Days 1.71 (0.91, 3.20) 1.45 (0.74, 2.84)

Within 91-120 Days 1.91 (1.04, 3.51) 1.30 (0.67, 2.53)

Within 121-150 Days 2.44 (1.26, 4.71) 2.98 (1.50, 5.91)

Within 151-180 Days 1.21 (0.43, 3.39) 0.85 (0.28, 2.62)
Agein years (by category)

<18 years 0.49 (0.35, 0.67) reference -

19 to 49 years 0.92 (0.73, 1.18) 1.87 (1.26, 2.77)

50 to 64 years 1.49 (1.16, 1.92) 2.12 (1.39, 3.22)

65 to 74 years 2.11 (1.25, 3.56) 3.43 (1.66, 7.06)

>75 years 2.90 (1.43, 5.90) 3.03 (2.19, 7.70)
Gender (female) 1.42 (1.11, 1.81) 1.12 (0.84, 1.48)
History of Hospitalization” 4.31 (3.03,6.12) 2.86 (1.79, 4.58)
Number of Physician Visits’ 1.05 (1.04, 1.06) 1.03 (1.02, 1.04)
Charlson Comorbid Index 1.88 (1.42, 2.48) 0.81 (0.57, 1.51)
IBD® 20.0 (6.02, 66.42) 22.21 (5.30, 93.03)
Diverticular Disease 3.08 (1.51, 6.30) 0.94 (0.39, 2.28)
Gastr oesophageal Reflux 3.87 (2.36, 6.35) 1.34 (0.71, 2.55)
Gastric Acd Suppr essant 411 (2.93,5.77) 1.85 (1.17, 2.93)

NOTE: OR=0dds Ratio; Cl=Confidence Interval
NOTE: c-statistic = 0.821

& Adjusted for all covariates shown
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Table 50. continued
®History of being discharged from a hospitalization in the 365 days prior to diagnosis
date for cases and index date for controls

“ Number of outpatient visits in the 365 days prior to diagnosis date for cases and index
date for controls

dCharlson ME, et al. J Chronic Dis. 1987;40:373-383.

¢ Inflammatory bowel disease (IBD) includes Crohn’s disease and ulcecatitie

"Includes any use of proton pump inhibitors efreceptor antagonists
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Table51. Relationship between Total Number of Different Antimicrobial Agents
and CA-CDI among Cases and Controlsfollowing Redefinition of
Diagnosis Date.

Unadjusted Adjusted
Variable OR 95% ClI OR? 95% Cl

E;;“n?g of Antimicrobial 2.46 (2.16, 2.79) 2.28 (1.98, 2.62)
Agein years (by category)

<18 years 0.49 (0.35, 0.67) reference --

19 to 49 years 0.92 (0.73, 1.18) 1.91 (1.29, 2.83)

50 to 64 years 1.49 (1.16, 1.92) 2.14 (1.42, 3.23)

65 to 74 years 2.11 (1.25, 3.56) 3.23 (1.61, 6.46)

>75 years 2.90 (1.43, 5.90) 2.56 (1.05, 6.22)
Gender (female) 1.42 (1.11, 1.81) 1.12 (0.86, 1.48)
History of Hospitalization® 4.31 (3.03, 6.12) 2.51 (1.60, 3.94)
E‘ﬁ%ﬁ?;ﬁ(,%ﬂ;@a“em 1.05 (1.04, 1.06) 1.03 (1.02, 1.04)
Char son Comorbid 1.88 (1.42, 2.48) 0.80 (0.57, 1.10)
IBD' 20.0 (6.02, 66.42) 18.84 (4.28, 82.86)
Diverticular Disease 3.08 (1.51, 6.30) 1.03 (0.45, 2.36)
Gastroesophageal ReflLix 3.87 (2.36, 6.35) 1.36 (0.73, 2.55)
Gagtric Add Suppressant 411 (2.93, 5.77) 1.65 (1.07, 2.56)

NOTE: OR=0dds Ratio; CI=Confidence Interval
NOTE: c-statistic = 0.806
& Adjusted for all covariates shown

P Total number of antimicrobial agents utilized in the 180 days prior to diagnosis date for
cases and index date for controls

“History of being discharged from a hospitalization in the 365 days prior to diagnosis
date for cases and index date for controls

4 Number of outpatient visits in the 365 days prior to diagnosis date for cases and index
date for controls
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Table 51. continued

®Charlson ME, et al. J Chronic Dis. 1987;40:373-383.
" Inflammatory bowel disease (IBD) includes Crohn’s disease and ulceraliti® c

91ncludes any use of proton pump inhibitors efreceptor antagonists
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Table 52. Comparison of the Demographic and Clinical Characteristics of
Community-associated C. difficile Cases Who Were Hospitalized with
Those Who Were Not Hospitalized.

Cases Who
CasesWho Were Were Not
Subsequently Subsequently
Hospitalized Hospitalized
Variable (N=77) (N =227) p-value®
Mean Age in Years + SD 40.77 £ 23 43.30 + 18.88 0.3384
Gender (female) 52 (67.53) 132 (58.15) 0.1455
History of Hospitalization in Year
Prior to Diagnosis 6 (7.79) 27 (11.89) 0.3174
Mean Number of Outpatient Physician
Visits in Year Prior to Diagnosis + SD 16.61+13 17.24£16.5 0.7603
Mean Number of Comorbid
Conditiong + SD 0.26 £ 0.50 0.36 £ 0.77 0.2807
Presence of a Gastrointestinal
Conditior? 13 (16.88) 37 (16.30) 0.9050
Mean Charlson Comorbidity Index
Score + SD 0.09 £0.33 0.20 £ 0.69 0.1872
Mean Number of Antimicrobial
Agents Prior to Diagnosis + SD 1.10+1.02 0.98 £0.95 0.3403
Antimicrobial Use Prior to Diagnosis
An 48 (62.34 141 (62.11
Y ( : ( : 0.9143
None 29 (37.66) 81 (35.68)
Gastric Acid Suppressant Use Prior to
Diagnosié 8 (10.39) 35 (15.42) 0.2738
Antimotility Agent Use After
Diagnosié 2 (2.60) 5(2.20) 1.000

NOTE. Data are number (%) of patients, unless otherwise stated.

@ P-value obtained from Student’s t-test for continuous variables and chi-scuidoe te
categorical variables

® Includes Charlson comorbid conditions and gastrointestinal conditions

¢ Includes Inflammatory Bowel Disease (Crohn’s disease, ulcemtiitss), diverticular
disease, and gastroesophageal reflux disease (GERD)

4 Includes proton pump inhibitors (PPIs) and histamine-2 receptor antagonis$ (H

®Includes atropine-diphenoxylate and loperamide use on diagnosis date or in the 180
days following the diagnosis date
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CHAPTER FIVE - DISCUSSION

Overview
This study provides a number of meaningful findings about CDI and its
emergence in the community setting. In fact, this study’s results suppgrothimg
belief that the epidemiology of CDI is changing, and more specifically, deratsgtat
CDlI is occurring in the community setting and in populations that are not trediyio

considered ‘high-risk’.

Summary of Findings

The incidence rates of CA-CDI were similar to rates of HA-CDI withis t
population, suggesting that CDI may be affecting the general population more than has
been reported in the scientific literature. Further examination of thesegoaups
revealed that CA-CDI cases were younger, had less comorbidity, useddive e
services, and had less exposure to antimicrobials and gastric acid supprbasaris-t
CDI cases had.

CDI has traditionally been associated with hospitalization, advanced age,
underlying severe illness, gastric acid suppressant use and, most prominpogyre to
antimicrobials. Antimicrobial use was the primary risk factor for GA@mong this
study population. In fact, the population attributable risk percent for antimicrobial us
was nearly 58%; therefore, the population risk for CA-CDI would be reduced by more
than one-half if antimicrobial use were eliminated from this population. Howiewaust
be noted that 27% (82 of 304) of CA-CDI cases did not receive any antimicrobials in the
180 days prior to diagnosis.

In addition to antimicrobial use, many of the risk factors for CA-CDI idenitifie
this study were similar to those commonly associated with HA-CDI, althowgdsinhot
uncommon for persons to acquire CA-CDI without exposure to any of these risk factors.

In fact, seventeen percent (51 of 304) of CA-CDI cases did not have any of thertedditi
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risk factors for CDI (i.e., no antimicrobial or gastric acid suppressant @xgo®
underlying iliness, and no history of hospitalization). Furthermore, although reports of
severe infection are becoming more common in scientific literature, none oAt®C
cases underwent surgical procedures related to their infections and only 25%eof the
were hospitalized due to CA-CDI.

Collectively, these findings have significant relevance in research anchtli
practice. First, this study solidifies prior reports of the movement ofi@bhealthy
populations and into the community setting. Second, these results reiterate a need fo
preventive interventions not limited to hospitalized or less healthy populations as has
traditionally been the case. In addition, this study proves that there is a hezsketoch
to determine the source Gf difficilein non-hospitalized populations. Finally, the
relative lack of adverse outcomes suggests that CA-CDI may be less baverAt
CDI, or it may suggest that these severe outcomes occur less frequenity @4&-CDI

cases because they are younger and have less underlying illness than ddé ¢&&&3D

Incidence of CDI

The overall incidence rate for CA-CDI was 11.16 cases per 100,000 person-years,
whereas the incidence rate for HA-CDI was 12.41 cases per 100,000 person-years.
Although it is difficult to compare among incidence rates from differeptifadions and
across studies that utilize different methods of case ascertainment izadcase
definitions, the incidence of CA-CDI within this population is relatively caastswith
prior reports from studies conducted in the United States (8, 10, 11, 240).

Remarkably, the incidence of CA-CDI was similar to that of HA-CDI. These
results suggest that CDI contributes to morbidity in non-hospitalized populations more
than expected. The study population primarily consisted of young, healthy indsyidual
thus, these incidence rates may not be representative of those experienced ilopspulat

inclusive of older persons or persons with higher levels of underlying comorbidity.
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However, since the analyses were not adjusted for age, the observed yahetualdy
underestimate the incidence of CA-CDI.

Moreover, this study found that 44.4% of incident CDI cases were community-
associated; 49.4% were hospital-acquired; and, 6.2% did not meet either definition. There
are few studies which have identified both CA-CDI and HA-CDI cases in the same
population. Of those that have, CA-CDI cases have accounted for 15% to 28% of the
total burden of CDI (12, 94, 200, 201). The reasons for the difference between the
findings of this study and of studies have not been determined.

Numerous studies have reported that the incidence of HA-CDI has increased,
whereas similar observations do not exist for CA-CDI. Although the short timeo$pa
this study limited our ability to statistically assess trends in inc&lemer time, it can be
noted that the incidence rates for both CA-CDI and HA-CDI were relatstabte over
the study period. If the rates observed in this population are truly stable, thetsemasul
serve as an early indication that the incidence of CDI may not be chatghregsame

rate in all populations or geographic areas.

Demographic and Clinical Characteristics of CA-CDI and

HA-CDI Cases

Within this population, CA-CDI cases were younger, had less underlying
comorbidity, and had fewer pharmacologic exposures than did HA-CDI cadsesudtit
CA-CDI cases were significantly younger than HA-CDI cases, tlenrages of the case
groups were 43 years and 50 years, respectively. Collectively, these mearagtill
much younger than those typically reported in the scientific literature. ynbe
underlying population primarily includes younger persons who are insured through
employers and excludes older persons (i.e., those who would primarily be insured

through Medicare), thus partially explaining the younger ages of both icagesg
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Charlson comorbid conditions were diagnosed more often among HA-CDI cases
than among CA-CDI cases. This observation may be expected since HA-CDI eases w
hospitalized during this time period and were also more likely to visit theirgiuys.
However, it must be noted that these healthcare visits also result in geeateled
history within insurance claims which increase the potential for idemgifygomorbid
conditions. Although a statistical difference in comorbidity was observed, tastiak
proportion of both case groups did not have any comorbid or gastrointestinal conditions
diagnosed or recorded on insurance claims within the year prior to diagnasrine
underlying illness may not have as substantial of an impact on risk for CDI among
younger and healthier populations such as this.

Any exposure to antimicrobials in the 180 days before diagnosis was more
common among HA-CDI cases than among CA-CDI cases. In addition, HA-CDI cases
received more different antimicrobials than CA-CDI cases. However, ¢hralpnce of
antimicrobial use among both case groups was much higher than that expectedh@mong
general population, which is consistent with the observation that these exposures
contribute to the risk for CDI in both settings. Gastric acid suppressant asdevated
among both case groups in comparison to control subjects, although the prevalence of use
among HA-CDI cases was two-times higher than among CA-CDI cases.asoa ffer
this finding is less clear although it may be related to other charsiceeatthe HA-CDI
population, such as increased likelihood for physician encounters, a history of

hospitalization, or the presence of underlying comorbid conditions.

Epidemiology of Community-associatédostridium

difficile Infection

Prior to controlling for other risk factors and covariates; age greatebthgears,
gender, history of hospitalization, number of outpatient physician visits, antinacrobi

use, gastric acid suppressant use, underlying comorbidity, and diagnosis of
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gastrointestinal disease (including IBD, diverticular disease, GERI® associated with
acquiring CA-CDI. However, after adjustment for other risk factors, isectask for
CA-CDI within this population was consistently associated with antimialeise, age
between 19 and 74 years, and diagnosis of inflammatory bowel disease. &astric
suppressant use was a risk factor in a number of models, although this association was
not consistent. The number of outpatient physician visits in the previous yeaswas al
predictor of CA-CDI.

Antimicrobial use accounted for the majority of risk for CA-CDI. More
specifically, the results showed that use of antimicrobials, in general,sesrask while
also demonstrating that persons are at-risk for CA-CDI as long as 150t@aykelast
receipt of an antimicrobial drug and the risk for CA-CDI increases withetteapt of
each additional antimicrobial agent.

All antimicrobial agents have been implicated in acquiring CDI to some degree,
although some agents have been associated with risk for CDI more often and t#ra grea
magnitude than others. Traditionally ‘high-risk’ antimicrobials include chmgtan,
cephalosporins, penicillins, and, more recently, fluoroquinolones. In this study, the
antimicrobials with the strongest associations were clindamycin, fluoroquiseame
beta-lactamase inhibitors, although risk was also observed following the use of
cephalosporins, penicillins, and macrolides. It must be noted that this analysisexka
any use of antimicrobial agents, but did not investigate the concurrent useeadrings.
Since it is common to treat infections with multiple antimicrobials, it magitfieult to
determine independent risk for specific drugs. Thus, although the concomitant use of
antimicrobials may confound the relationship between specific antimits@id CA-

CDI, these results still demonstrate increased risk due to the use of individual
antimicrobial drugs and classes.

Risk due to antimicrobial use is biologically related to the effect of theggs dn

the normal bacterial colonic microflora, their activity or lack thergairastC. difficile,



and antimicrobial resistance @ difficile strains. What is known about the biological
plausibility of the relationships between specific antimicrobials or &rmial classes
and CDI varies. About 90% of an oral clindamycin dose is absorbed within the
gastrointestinal tract, which disrupts normal bacterial microflora, redt@enization
resistance, and increases the opportunitZtatifficile to grow. In addition, most, if not
all, strains ofC. difficile are resistant to clindamycin (99). Fluoroquinolones exhibit poor
in vitro activity againsC. difficile (114). In addition, it has been shown that the BI/NAP1
C. difficile strain (i.e., epidemic strain) is highly resistant to fluoroquinolones which
contributes to higher incidence of infection (98). However, the incidence ofepbDited
in this study suggests that this strain is not circulating widely in this atmol Finally,
C. difficile has becoming universally resistant to most cephalosporins (108). In fact, it is
thought that some strains Gf difficile can still cause disease during cephalosporin
administration (108). Beta-lactamase inhibitors and macrolides areolassanly cited
in the scientific literature as risk factors for CDI than other actobials. Beta-
lactamase inhibitors are highly active agaibstlifficile strains; thus it would be
expected that these antimicrobials would result in lesser degrees of riskisk (id.7,
118). Despite this expectation, this study identified risk associated with timscaabial
class.

The observed associations between the use of certain antimicrobials and CA-CDI
are clinically important. Clindamycin is used to treat infections caus&itday-positive
or by anaerobic bacteria, such as infections of the respiratory tract, slanfatidsue
infections, bone and joint infections, and peritonitis. In turn, fluoroquinolone
antimicrobials have often been used to treat infections with Gram-negativesangani
although newer drugs in this class have expanded and improved activity against gram-
positive and/or anaerobic bacteria. Thus, newer fluoroquinolones are recommended and

widely-used in the treatment of infections such as community-acquired pneumdnia a
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acute exacerbations of chronic bronchitis (226, 241). In turn, antimicrobials within the
cephalosporin class are used for a large number of indications.

Macrolides are less commonly used in hospitalized populations, but when they are
used, almost all patients will receive them along with other antimicrolnafiact,
macrolides are used concurrently with cephalosporins for empirical treadine
community-acquired pneumonia in the hospital setting. Thus, in hospitalized populations,
associations between macrolide use and CDI are highly confounded by the concurrent use
of other antimicrobials (99). Although this may still be the case, macrolideaae
likely to be used as monotherapy in the outpatient setting, thus this study imaties t
these antimicrobials may increase risk for CA-CDI independent of the udeeof ot
antimicrobials.

Since antimicrobials are widely prescribed in the outpatient setting amdlared
to acquiring CA-CDI, clinicians must consider the implications of antimietobi
prescribing in the outpatient setting. For example, a number of the antiralsroibed as
risk factors in this study are typically prescribed in the outpatienhgétr the treatment
of respiratory infections. However, prior research has shown that thesenthydpe
over-prescribed, especially in settings where it is unknown whether dheggtof
infection is viral or bacterial in nature (242, 243). If inappropriate use of antibials in
the outpatient setting continues and leads to increased occurrence of CA-CDI, this
infection will continue to become a growing public health problem, much like the
emergence of antimicrobial resistance in the community setting.

The risk for CA-CDI increased among persons who were last exposed to
antimicrobials up to 150 days ago. The highest risk was observed in persons who most
recently received antimicrobials in the prior 1 to 30 days, followed by persons las
receiving these drugs in the prior 31 to 60 days. There was a rather sharp deaiskse i
related to most recent antimicrobial exposure in the prior 61 to 150 days although it was

still elevated from baseline. Risk returned to baseline for those whose lastianitiah



exposure occurred over this 150-day threshold. Even in sensitivity analysistivere
diagnosis date was revised to the potential first indication of symptoms, eatmesisfor
CA-CDI was observed among persons last receiving antimicrobials in the préQious
days or in the previous 121 to 150 days. A few studies have assessed the at-risk period
following antimicrobial use, with some studies reporting that CDI can ocaatlgir
following receipt of antimicrobial therapy and others reporting that @Dlaccur weeks
after discontinuation of antimicrobial therapy (19, 127, 129, 202). Delaney et ategepor
that the risk due to antimicrobial use diminished significantly after 3 months but only
returned to baseline after 6 months (202), although the relative risk at 3 monthdl was st
much lower than that reported in the current study. Dial et al. reported thaaxiraum

risk for CA-CDI appeared to be in the 30 days after the start of antimatpiescription
with a significant decrease occurring after 45 days (129).

The at-risk period for antimicrobial use reported by the current study nfay dif
from that reported by past researchers for a number of reasons. First, diffeeent
windows for ascertainment of antimicrobial use were utilized in this study taen w
utilized in the study conducted by Dial et al. (180 days in this study vs. 90 days in the
Dial study) (129). Second, this analysis was inclusive of the use of anyaobial
agent, whereas Delaney et al. analyzed the at-risk period for fluoroquinolosesnise

The total number of different antimicrobial agents utilized was also aiseymtif
contributor to the acquisition of CA-CDI, with each additional antimicrobial agent
increasing the risk for CA-CDI. The most recent study to examine togiation
reported an odds ratio of 1.4 for each additional antimicrobial agent (95% CI: 1.1, 1.7)
among a VA population (121). The current study estimated that the odds for CA-CDI
related to the use of each additional antimicrobial is twice that reported\iAtstidy.

Of note, the VA study was conducted in a much smaller population and one which
primarily consisted of HA-CDI cases, thus comparisons between the @sthése

studies may not be appropriate.
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Antimicrobial use was associated with increased risk for CA-CDI, although
nearly 27% of cases did not have exposure to an antimicrobial agent in the 180 days prior
to diagnosis. Previous studies have reported this observation among both CA-CDI and
HA-CDI cases; however, antimicrobial non-use is seemingly more commamgaCA-

CDI cases. In fact, studies investigating CA-CDI have reported lpreses of

antimicrobial non-use ranging from 12% to 63% of CA-CDI cases (10, 11, 94, 140, 145,
195, 196)(203). The percentage of CA-CDI cases not receiving antimicrobials in this
study falls within the range of values previously reported, although time wefdow
antimicrobial exposure ascertainment vary across studies. For exantipetinhe

window for antimicrobial exposure ascertainment was limited to the 90 days prior to
diagnosis, 38% (115 of 304) of CA-CDI cases in this study would have no exposure to an
antimicrobial agent. Overall, the lack of antimicrobial exposure among tastibb
proportion of CA-CDI cases supports suggestions that CDI is occurring among persons
without this traditional risk factor. Furthermore, this observation reitetiades

antimicrobial exposure is still a strong risk factor for CDI although it ianmecessary
exposure prior to the acquisition of CDI.

Gastric acid suppressant use has been cited as a risk factor rather Gidn i
research, although risk estimates have been inconsistent (130, 141, 244). In this
population, the risk associated with gastric acid suppressants was inconsistent ac
multivariate models. Although increased risk due to gastric acid suppressavdsis
noted in some multivariate models, this association was not apparent in an analysis
accounting for the use of specific antimicrobials and in an analysis codaitgethe
exclusion of cases with gastrointestinal disease and cases hospitatizegbrior 6
months. The first of these findings suggests that gastric acid suppressant use does not
account for substantial risk when in the presence of antimicrobial use. Next, the
prevalence of gastric acid suppressant use among CA-CDI cases folewglogions

was 7% lower than among the original case group, whereas exclusion of corresponding
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controls did not reduce the prevalence of use among that group. The change imgeevale
of use and lack of association following these exclusions indicate that confounding by
indication may account for the association observed in the main analysis.

Prior research studies have noted that gastric acid suppressant usetheay be
primary risk factor in persons who are not exposed to antimicrobials. In the ctudnt s
the majority of cases (84%) exposed to gastric acid suppressants wengpalsed to
antimicrobials. Although interaction between these two groups of medication was not
present, it is likely that some or all of the risk attributed to gastric acidesgpn may,
in fact, be related to concurrent antimicrobial use. Finally, the intetioretat this
association must take into account that a number of gastric acid suppressants are
available without a prescription, which most likely resulted in an underestimation of
gastric acid suppressant use. However, there is no reason to believe that this
underestimation would occur more often among controls, thus this study most likely
underestimates the true magnitude of this association.

The analysis of the timing of gastric acid suppressant use showed that risk was
elevated following last use within the prior 30 days. However, the risk estiraat
confidence intervals did not suggest that there was a distinct increase asdegrnask
for any of the time periods. This finding is consistent with patterns of use efdhags.
Whereas antimicrobials are acutely-used and have nearly immediateliigseffects,
gastric acid suppressant exposure typically occurs at relatively oblestals over long
periods of time. Thus, considering our results, it is suggested that, if thisséissois
true, gastric acid suppressants may contribute to a long-term low level of nphased
to the acute increase in risk observed following antimicrobial use.

A diagnosis of inflammatory bowel disease was a significant predict@Aer
CDIL. In fact, having Crohn’s disease or ulcerative colitis was relatdzk tgreatest
increase in risk for CA-CDI, after controlling for age, physician vigitgimicrobial use,

and gastric acid suppressant use; although, it must be noted that this associatiah is base
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on relatively small numbers (i.e., 12 cases and 4 controls) and the confidencesritgrval
risk estimates are very wide. This finding is consistent with prior r@sealthough the
biological mechanism behind this association is not completely understood. Potentia
reasons for this association include differences in the gut flora of persorBwith
medication use among persons with IBD. Prior research has shown that gptate
involvement in IBD is related to the acquisition of CDI. Further reseambaded to
determine whether this association is potentially related to the extehtdio \BD

disrupts the mucosal barrier of the colon, the alteration of gut flora due to CDI, or othe
mechanisms that have yet to be determined. Crohn’s disease and ulcerats/areoliti
chronic, immune-mediated inflammatory diseases, thus a high proportion of persons with
either condition are treated with long-term immunosuppressive therapy, whidhemay
the underlying reason for the association observed in this study. Finalgntpatith

IBD may have chronic diarrhea and may be more likely to visit their physiorane
hospitalized for diarrhea. Therefore, there may be a higher degree of@uspiCDI

within this patient population, resulting in higher rates of testing and higlesroht
diagnoses among this group. This study attempted to control for this by including the
number of physician visits in the multivariate model, although it did not completely
account for the effects of IBD.

The presence of underlying comorbid conditions and their collective impact on
health status was measured through the use of the Deyo-Charlson Comorbidity Index
Score. Chronic comorbid conditions were relatively rare in among casesranulsc
However, this low prevalence of chronic medical conditions would be expected among
this study population since it consists of persons under the age of 65 years and those
insured through employment and their families. The Deyo-Charlson Comorlioidéy |
did not reach statistical significance after adjusted for other cossyrmuiggesting that
underlying comorbidity does not impact risk for CA-CDI directly or at tineesa

magnitude as pharmacologic exposures. In spite of this, underlying comovimgit
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deemed necessary in multivariate models to control for health status which coodd not
directly measured in this study.

In this population, persons between the ages of 19 and 74 years had roughly 2-
times the odds of CA-CDI in comparison to persons under the age of 18 years. This
finding reiterates that increasing age is related risk for CA-Cipagh it must be noted
that persons over the age of 75 years were not at increased risk for CAHBDUgh
this finding contradicts the conclusion that risk increases with age, it is, imgbated to
the small number of persons over the age of 75 years in the study population.

The age distributions of cases and controls were statistically differentoGont
were more likely to be under the age of 18 years than cases, while casesghtye sl
more likely to be over the age of 50 years than were controls. Collectivelmajority
of both cases and controls were 49 years of age or younger, primarily due taiteehat
this insured population (i.e., no persons on Medicare). Differences in the age dstributi
can be addressed by matching cases and controls. However, this study did not match
cases and controls on age because risk factors for CA-CDI are not bethhisl
matching on age precludes assessing this variable in risk factorianalys

The number of outpatient physician visits within the prior year was a sigrtifica
predictor of CA-CDI. This association is not biological in nature; howevemuthgsion
of this variable served as a method to control for exposures which could not beemeasur
more effectively within this data source. It is thought that greatst foe physician visits
serves as a measure of increased comorbidity, increased opportunity for expQsur
difficile in ambulatory care settings, or increased opportunity for the receipt of
prescription medications. Furthermore, a greater number of outpatientiphyssits
and claims for these visits among cases results in a greater recordeal imsthcy
within the Data Repository, which may increase the likelihood of a patient lesiiegl t

for and diagnosed with CDI.
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A number of variables were significant in univariate analyses, although they di
not retain statistical significance after controlling for all othmraziates. Gender was not
a significant predictor of CA-CDI. Many studies have noted that fenaalesunt for a
higher percentage of CDI cases, although there is no obvious biologicallyofgausi
reason for gender to increase risk for CDI. Although hospitalization would pabsum
increase risk for CA-CDI due to increased exposure to the pathogen itself, a diistor
hospitalization did not contribute to risk for CA-CDI. The lack of significance ef thi
measure in this study implies that although some CA-CDI cases may leavexposed
to C. difficile exposure in the hospital setting, this exposure does not adequately predict
later development of infection in the community setting. However, in sensitivity
analysis, history of hospitalization was a significant predictor of CDdvielig revision
of diagnosis date based on medication use or diarrheal disease. Since revisegsdiagnos
dates resulted in exposure ascertainment for some cases in time periods paibused
in the primary analysis, this finding either implies that less recent hazgitah may
increase risk for CDI or the methods of identification of symptom onset and exposure
assessment in the primary analysis prevented the ascertainmersieoétpesures.

This study also hypothesized that there is no biologically plausible reason that
antimotility agents would be related to the development of CDI. Rather, aorabxpy
analysis determined that the use of antimotility drugs was most likegsponse to
symptoms of disease prior to diagnosis and was not a true risk factor for CA-CD
Despite this, there are a number of reasons for further research focused mmaweger
the prevalence of antimotility use among persons with CDI. First, thef tisese drugs
simply masks symptoms of infection rather than providing a treatment offéotion
itself, thus propagating the spread of infection by persons who are unawdheyhaave
C. difficile. Second, by masking symptoms, persons may be prolonging the course of

CDI, which may lead to adverse outcomes.
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The importance of these findings is reflected in the direction they provide for
clinical practice. First, antimicrobial use was strongly assediafith increased risk for
CA-CDI, thus antimicrobial prescribing in the outpatient setting must be getoed by
understanding of the risks associated with these medications. In turn, underlying
comorbid conditions and age may not impact risk for CA-CDI to the extent reported in
prior studies of HA-CDI. In general, these findings support clinician awassdoe€DI
as a potential diagnosis among all patients presenting with diarrhea. Forineths
knowledge has the potential to result in earlier and increased identificationGDGA
which reduces delays in treatment and which may, ultimately, improve outcomes among

these cases.

Adverse Outcomes of Community-associdteddifficile

Infection

None of the CA-CDI cases in this study underwent a surgical procedurel telate
CDI. This finding may be expected since surgical intervention is typieapected more
often among older and sicker patients. Furthermore, prior research has fduhd thte
of surgical intervention rates tend to increase along with increases imiceifler6).
Since CA-CDI was relatively rare in this population, one would expect thatalrgi
intervention would also be rare. It must be acknowledged that this result may be due to
inadequate methods of ascertainment, although the methods of this study are the most
valid and appropriate for this data source. First, the ICD-9 codes utilized stukly
were validated through prior research and are consistent with prior adativest
database research. In addition, inadequate ascertainment of surgical suscanii&ely
since these procedures would not be easily omitted or miscoded within insuramse clai

Subsequent hospitalization was much more common among CA-CDI cases,
occurring in roughly one out of every four within this case group. These admissions

occurred most frequently on the dateCofdifficile diagnosis, and were 4 days in length
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on average. The short length of stay is consistent with a low severity ofonfecti
although a 52-day admission was also observed. Hospitalization has a number of
implications for these cases, as well as for healthcare facilitiensumeis. First, CA-
CDI cases who undergo hospitalization serve as a means of transterdifficile from
the community into the healthcare facility. Second, if CA-CDI can be prevdntadyh
clinical interventions, these cases represent an unnecessary burden oftitbarbea
facilities which provide care and on the insurers who pay for that care.

The use of metronidazole and oral vancomycin by CA-CDI cases after ¢mmple
of initial therapy for CDI was assessed as a measure of recurreméectibn since this
outcome could not be directly measured. Although it is likely that this measure does not
completely ascertain recurrent cases, it is the only available methpgraxienate this
adverse outcome within this data source. A small percentage of theseréasesceived
additional treatment, suggesting that, if medication use is an appropriate eneasur
prolonged need for treatment and recurrence of infection were relativelgmong CA-
CDI cases. This may be due to less severe infection among these casemiurew
rates for initial therapies.

Very few adverse outcomes were observed and cases with and without adverse
outcomes were similar in regard to demographic and clinical characterlsts unclear
whether adverse outcomes are indeed less common among CA-CDI casesidn, addit
when adverse outcomes occur, this analysis was unable to determine waetecisics
may predispose CA-CDI cases to adverse outcomes.

Antimotility agents were not widely utilized by CA-CDI cases witltia time
period 180 days following diagnosis. The use of these drugs is important to thislresear
study because clinical recommendations do not currently support the use of attimotil
or antidiarrheal drugs following diagnosis of CDI or other infections relatecdtéoi@
pathogens. It is thought that antimotility agents prevent clearance of these pathoge

from the body, thus allowing disease to worsen. This phenomenon was not confirmed in



this research since this population experienced a low number of adverse owgndmes
there was little documented use of antimotility agents. Overall, antimatggnts were
not utilized commonly among this population, although the availability of these drug
without the need for a prescription leads me to think that the use of antinaggitys is

more common than what was observed from prescription drug claims.

Strengths and Potential Limitations of the Study Design

This study addressed a number of gaps in prior knowledge and shortcomings of
previous research regarding the epidemiology of CDI and its emergence in the
community setting. Also, since this is the first study to examine CA&@DIHA-CDI in
the same population, we were able to distinguish differences in the tehistars of
persons with infection in the community setting and those with infection acquiteel in t

hospital setting.

Data Source

The infrastructure to conduct surveillance for CDI does not exist, thus tieere a
few data sources to conduct research and to determine the burden of this infécsion. T
Data Repository provided a unique opportunity to conduct CDI research within a stable
population for which de-identified demographic and clinical data are availtikelarge
study population was necessary si@califficile is a relatively rare infection, especially
in the community setting. Additionally, the Data Repository provided diagnasgedrag
exposure data coded in a manner that allowed us to identify persons with CDI, control
subjects, their exposures more easily than a prospective study design ansextcst.

Individuals in this population obtain health insurance through an employer-based
plan, thus they are of working age or are the member of a family in which someone is
employed. Furthermore, the Data Repository does not include persons who have
insurance coverage through Medicare or Medicaid programs. This age distribayion m

be construed as a weakness and a limit to generalizability. However, this mopulati
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actually provided the opportunity to identify CDI in younger persons with |gsssare
to healthcare--a group in which it was hypothesized that community-asddCiate
difficile was occurring more frequently. This is in contrast to prior research pgmaril
focused on older persons and hospitalized patients. Overall, the demographic
characteristics of the study population mean that the research resdlestapplied to
populations of similar demographic, health status, and health insurance coverage.
However, the findings also confirm that CA-CDI is occurring in populationstivadily
considered low-risk and that persons with CA-CDI are younger and generallyidrealt
persons than HA-CDI, both of which are meaningful contributions to the scientific

literature.

Outcome and Exposure Assessment

Case Ascertainment and Classification

Cases were identified through the ICD-9 code, 008.45. This ICD-9 code has been
widely-used to identify cases of CDI within administrative claims datauSkeof the
code could not be validated in the Wellmark population since fecal samples were not
available to confirm CDI through microbiological testing and medical recordwenvas
not available for identification of symptoms. Although validation would be optimal,
widespread collection of fecal samples and medical record review fa@ilfamge of this
infection are not feasible in the Wellmark population. In lieu of this fact, thefuthis
ICD-9 code was the most appropriate, available method for identification lof&SBs in
this study since prior research has shown that the ICD-9 co@e hifficile infection
(008.45) closely approximates true CDI in hospitalized populations.

Despite the appropriateness of using ICD-9 code 008.45 to idéntififficile,
there is the possibility th&. difficile was suspected or even diagnosed earlier but was
not recorded on insurance claims. To explore this possibility, analysis was @shtiuct

identify C. difficile testing prior to a recorded diagnosis. Roughly 24% of CA-CDI cases



were tested fo€. difficile prior to diagnosis, at an average of one month before diagnosis
based on insurance claims. In turn, 8.5% of HA-CDI cases were tested, on average, 28
days in advance of the diagnosis date used in this study. These findings sug@est that
difficile symptoms were present earlier than could be identified by this study,giithou

this data source did not provide test results to confirm or disprove the presence lbf CDI.
cases were positive f@. difficile prior to appearance of the ICD-9 code 008.45, we may
have misclassified persons although sensitivity analysis assessingiattkers of

symptom development and delayed diagnosis did not show an excess of misclassified
cases.

In addition, this study was only able to iden@@ydifficile cases among persons
who have insurance claims within the Data Repository; therefore, the studgtpmpid
limited to persons seeking medical care. Although there may have been pethdDBwi
who did not seek medical intervention, the debilitating and prolonged nature of this
infection when not treated would conceivably result in a low number of cases not seeking
medical care.

Cases were classified as community-associated, indeterminate, oalhospit
acquired. These definitions were based on the location at which diagnosis occurred, the
history of hospitalization, and the dates available on insurance claims at indgeh t
events occurred. Although this information can be identified from insurance claims, the
accuracy of this study may have benefited from more detailed medicahatfon such
as that available on medical records. For instance, studies using medical ngegrd re
would typically define diagnosis date based on the timing of the developm@nt of
difficile symptoms whereas this study defined date of diagnosis for CDI based on the first
appearance of the ICD-9 code 008.45 on insurance claims. Exploratory analysis found
that prescription drugs for treatment of infection and alleviation of symptamds, a
diarrheal disease occurred prior to diagnosis was identified. All of theseeumesron

insurance claims may signify development of symptoms predating diagnosisisThere
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also the potential for misclassification of cases because of discrepawegbetiagnosis
date based on ICD-9 coding and onset of symptoms, although sensitivity analysis was
conducted to further examine small variations in timing of CDI development through the
assessment of prescription drug claims and diagnosis of diarrheal diseasmalysis
showed that the majority of cases would be consistently classified as Cfol@Wing
redefinition of diagnosis date, and exposure assessment would not vary siggificantl
Cases who acquirgd. difficile symptoms in the outpatient setting but who were
diagnosed at the time of hospitalization are classified as communityassaether
than hospital-acquired. These cases were identified as a primary diagrosdifbEile
in the inpatient setting in a person who did not have a history of hospitalization during the
12 weeks prior to this diagnosis. Since this case definition may be a liberalcpfmroa
classification with the potential for misclassification bias, a seitgianalysis was
conducted to determine whether a conservative definition of CA-CDI resnltkfiarent
identified risk factors and odds ratio estimates. Results of this andigsist reveal
differences in relative risk estimates after the exclusion of the ptgmhisclassified
cases; therefore, measurement error in case ascertainment did notsingbacesults or
the interpretation of these results. An additional sensitivity analysisdedlcases with
gastrointestinal conditions and cases with a history of hospitalization inion@ pr
months, since these persons may undergo differential surveillance for CDI aihé ma
different in regard to medication use and exposufg ifficile than CA-CDI cases
identified by the main study case definition. Relative risk estimates obytrora this
analysis did not vary from those obtained from analysis of the original studyagopul
although gastric acid suppressant use was not a significant predictor dbCA-C
following exclusions. Although this may suggest confounding by indication as an
alternative explanation for prior findings, underascertainment of use is p¢gerdial

bias that could have an opposing influence on the estimate of effects. This topisrequire
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further investigation in a population with coverage of over-the-counter gasttic ac

suppressant use.

Exposure Assessment

Identification and Measurement of Medication Use

The measurement of medication use was ascertained from prescription drug
insurance claims. Prescription drug insurance claims are only includedDattne
Repository if they are submitted and paid, thus this study can only identifyatiedic
use for which a patient filled a prescription. Furthermore, these claims wloo
identify prescription drugs received by a patient, but not available are dataesrt pat
adherence to prescribed medication. This creates the potential for emestierror in
risk factor assessment since persons may be prescribed and fill a drhgyhaty not
use. If this is indeed occurring, persons are defined as users of a medicstidimia
prescription claims although they are not actually ingesting the drudtimgsn
overestimation of actual use. If misclassification of medication expesists, it would
presumably not vary based on case or control status and would result in an
underestimation of the effects of medication use. In addition, this study did not
distinguish exposure to antimicrobials administered during physician visits or a
outpatient clinics (e.g.., during ambulatory surgery) from exposure occurrihg
outpatient setting. It is possible that antimicrobials administered inqiayiffices or
ambulatory clinics could account for some of the risk associated with specific
antimicrobials, although this use most likely accounted for a small amount ofl overal
exposure.

Inpatient medication use is not available in Wellmark prescription insurance
claims; therefore, medication use for persons who were hospitalized may have been
underestimated. This was more likely to occur for HA-CDI cases due todfeased

likelihood of hospitalization as opposed to CA-CDI cases; therefore, the ddésren
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between the medication use of these two case groups may have also been madiedesti
In contrast, it is unlikely that a lack of inpatient prescription drugs claimgd impact

the results of our nested case-control study since hospitalization within theys3f@rida

to diagnosis or index date for which medication use was collected was rare afong C
CDI cases and controls.

Medication exposure data is based on prescription drug claims, which did not
allow us to measure the use of over-the-counter medications. Although antintiosgbia
requires a prescription, many gastric acid suppressants do not. Therefie agas
suppressant use is probably underestimated, although this misclassificahimuse
would presumably result in an underestimation of risk. It must be noted that \Wkellma
did provide prescription drug coverage for over-the-counter omeprazole (Prilagec)
September 2006 through the end of the study time period, although it is unclear whether
this practice resulted in increased ascertainment of exposure duringidaetiod. In
addition, all antimotility agents included in this study are available oecalnter.

Since these drugs are available without a prescription and since patieiktslate kelf-
treat diarrhea with antimotility drugs, this study may have grestierestimated their
use among CA-CDI cases.

During the study time period, generic drug programs were introduced andebecam
more common. These programs, which are typically offered at large phacheing,
provide generic versions of brand-name prescription medications to patients for a low
cost. This data source may not capture the use of medication obtained through generi
drug programs. However, it is thought that pharmacists tend to access customer's
insurance info when they fill these prescriptions regardless of whether thegare
filled through a generic drug program. Since antimicrobials requiresargon, the
claims for these medications are still likely to be entered into the présergutig claims

system.
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Identification and Measurement of Comorbidity

Comorbid conditions were identified from inpatient and outpatient insurance
claims using ICD-9 codes that were validated in prior studies. The methazksdutidl
identify and statistically program the Deyo-Charlson comorbid conditions and to
calculate the associated index were consistent with methods used in other Sheties
methods were also applied for the identification of gastrointestinal conditions

The Deyo-Charlson Comorbidity Index was used to measure health status in lieu
of modeling individual comorbid conditions. Indices are widely used in studies with
small sample sizes to account for the concern for overfitting a model geariamber of
comorbid conditions are included. The sample size of this study suggested thakan inde
would be appropriate. However, gastrointestinal conditions were individually modeled
since they may be related to CDI independent of underlying comorbidity. Contprbidi
indices were first designed to predict outcomes such as one-year mortaliéngitnddf
stay and have primarily been validated in the chronic disease resesnatuié, thus very
little is known about their predictive value in infectious disease reseandilidated
method for statistical control of comorbidity does not exist for infectiousshsea
research, although the Deyo-Charlson Comorbidity Index has been utilized in a number
of studies of antibiotic-associated infection and other nosocomial infections (233).
Additionally, the use of the Klabunde modification to identify Charlson comorbid
conditions was appropriate and necessary for this study data. Cases in this study
predominantly received medical care in the outpatient setting, so the inclusion of
outpatient physician claims greatly increased our ability to ideabifiyorbid conditions.

The validity of the identification of comorbid conditions may also be affegted b
the inclusion of only five diagnosis or procedure codes on insurance claims included in
the Data Repository. It has been shown that inaccuracies in coding can occur when
diagnoses are omitted because the data fields for the related codesaargted by more

important diagnoses. Since administrative claims data originate fioghiither than
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research purposes, omitted diagnoses may tend to be those which result in loges char
or less healthcare. In fact, prior studies have shown that the sensitivity tfyidpatific
diagnoses in administrative databases with five diagnosis fields is reupeedaverage

of 13 percent compared to records with 25 fields (245).

Future Research Directions

This study serves as one of the first to thoroughly examine the incidence of CA-
CDI and to explain the risk factors for and adverse outcomes of CA-CDI. dieere
limitations to this research; thus, there is opportunity to expand these resesr aht@
different populations. This study could not examine trends in the incidence of Cl due t
the short period of time over which the study was conducted. The expansion of this
research into populations for which data are available for a longer period of time would
allow for analysis of trends in incidence. In turn, if incidence of CA-CDI isea&ing
over time, further investigation into what is driving these increases wouldrpamiesl.
For example, in hospitalized populations, increases in incidence have been dttabute
the introduction of a highly-virulent strain and changes in antimicrobial poasgri
practices. Stable incidence of CA-CDI may suggest that these faarstalriving the
occurrence of this infection in this population, whereas increases in incichayce
indicate a similar phenomenon in the community setting. Furthermore, since the
generalizability of this study is limited by the population used, furthearel should
focus on extending this line of research into larger populations which may be more
diverse and inclusive of persons from a larger age range. In addition, the useésof a da
source which can provide detailed clinical information and microbiologésailts would
increase the accuracy of case ascertainment and classification. Theandkccuracy
of exposure measurement would also benefit from records of inpatient rnoedicse

and from the use of a data source inclusive of over-the-counter medication use.
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There is a growing need for the development and implementation of a national
CDI surveillance system, in both the hospital and community settings. Howaxkezr$
to a national surveillance system include the lack of validated and easigriemied
methods to identify cases of CDI, as well as the lack of methods to determine when and
where CDI develops. Although the ICD-9 code for CDI (008.45) represents the most-
researched, most cost-effective, and timely method to identify casessthahee in
further validation of the code’s use in identifying cases, especially in thenaaity
setting. Further validation of the use of ICD-9 codes to identify CDI wilbimeceven
more pertinent, especially for healthcare facilities, if and when hésgitaired
infection is categorized as a non-reimbursable diagnosis by the Centezdmaké and
Medicaid Services. In addition, for the purposes of properly classifying easefor risk
factor assessment utilizing administrative data, future researcldgbout on validating
case ascertainment methods which can more definitively determine the datetaffons
CDI symptoms and which can differentiate between symptom onset and clinical
diagnosis. Currently, diagnosis codes are assigned upon discharge from & &odppita
not provide detailed information regarding symptom onset in relation to actual diagnosis
In this study, it was noted that cases received medications related t@athestreor
alleviation of the symptoms of CDI prior to diagnosis, thus suggesting that the
development of CDI symptoms may have occurred earlier than could be deterrmmed fr
insurance claims. Thus, future research would benefit from the developmenhotimet
to identify symptom onset.

The association between gastrointestinal disease, especially IBD, aBDCA
was consistently identified in this study, although it is possible that persdnghese
conditions may be innately different than the general population in regard to risk for CDI
This possibility was partially verified through sensitivity analyaithough future
research within a population of persons with gastrointestinal disease is needed to more

fully examine the true nature of CDI among these persons. In addition, futeaectess
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needed to determine if differential surveillance is occurring in this populatioro dine t
similarities between the signs and symptoms of gastrointestinal dessh$&zDI.

The spread o€. difficilein the hospital and nursing home settings is well-
documented, whereas little is known about the routes of transmission in the community
setting. This study was able to determine risk factors for CA-CDI, althougbuhsesof
this pathogen in the community setting is still unknown. In addition to the development
of methods to prevent acquisition©f difficilein the community, additional knowledge
would help to determine whether these infections are related to spr@aditiicile from
the hospital or nursing home setting to the community setting, or if colonizatmmgam
persons in the community is contributing to the burden within healthcare facilitie
addition, future research efforts should focus on increasing the available dgewaleout
the natural history of. difficile infection. For example, little is known about the
incubation period foC. difficile prior to disease development. In addition, in many cases,
biological mechanisms by which risk factors cause disease have been hypdthas
not proven. Increased information in these areas have the potential to both solidify the
conclusions of prior research and provide direction for future research and the

identification of risk factors for CDI which are currently unknown.
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