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Abstract

There has been dramatic change in the epidemiology of Clostridium difficile infection (CDI) since
the turn of the 215t Century noted by a marked increase in incidence and severity, occurring at a
disproportionately higher frequency in older patients. Historically considered a nosocomial
infection associated with antibiotic exposure, CDI has now also emerged in the community in
populations previously considered low risk. Emerging risk factors and disease recurrence
represent continued challenges in the management of CDI. The increased incidence and severity
associated with CDI has coincided with the emergence and rapid spread of a previously rare strain,
ribotype 027. Recent data from the U.S. and Europe suggest the incidence of CDI may have
reached a crescendo in recent years and is perhaps beginning to plateau. The acute-care direct
costs of CDI were estimated to be $4.8 billion in 2008. However, nearly all the published studies
have focused on CDI diagnosed and treated in acute-care hospital setting and fail to measure the
burden outside the hospital, including recently discharged patients, outpatients, and those in long-
term care facilities. Enhanced surveillance methods are needed to monitor the incidence, identify
populations at risk, and characterize the molecular epidemiology of strains causing CDI.
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INTRODUCTION

Clostridium difficile is a Gram-positive, anaerobic, spore-forming bacillus that was first
identified in 1978 as the predominate bacterial cause of antibiotic-associated diarrhea and
pseudomembranous colitis (PMC).1 While the pathogenicity of C. difficile toward humans
was discovered in relation to its ability to cause antibiotic-associated diarrhea and PMC, it is
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now known that the manifestations of CDI can range from asymptomatic colonization, to
mild diarrheal illness, to more severe disease, including PMC, toxic megacolon, sepsis, and
death.2 In the past 10-15 years, C. difficile infection (CDI) has emerged as an increasingly
important infectious disease worldwide. Although C. difficile has historically been
considered a nosocomial pathogen associated with antibiotic exposure, its epidemiology is
rapidly changing. C. difficile infections have emerged in the community in populations
previously considered low risk, such as healthy peripartum women, children, antibiotic-
naiive patients, and those with minimal or no recent healthcare exposure.3-5

Data from the U.S. and Europe suggest the incidence of CDI may have reached a crescendo
in recent years and is leveling off or slightly declining.”~10 However, the overall incidence
of CDI has increased to the point of surpassing rates of methicillin-resistant S. aureus
infections in the some areas of the U.S. as the most common cause of healthcare-associated
infection.11.12 pParalleling this increased prevalence there has also been a corresponding
increase in morbidity and mortality associated with CDI, which has coincided with the
emergence and rapid spread of a previously rare strain, known synonymously as polymerase
chain reaction (PCR) ribotype 027, North American Pulse-field type 1 (NAP1), or restriction
endonuclease analysis (REA) type BI, heretofore referred to as ribotype 027.13 Studies in
North America and Europe have implicated the ribotype 027 strain in CDI outbreaks
characterized by an increased incidence and severity, refractory to traditional therapy, and a
greater risk of relapse.14-18 More recently, additional strains have been reported to cause
CDI with increased severity and poor outcomes.12-20 The increased burden of CDI places a
significant financial constraint on the healthcare system. The acute-care direct costs of CDI
in the U.S. were estimated to be $4.8 billion in 2008.21 However, the actual cost is likely
higher when considering indirect costs associated the management of CDI. This review
discusses the current epidemiology of CDI, including patient risk factors and future
challenges.

HISTORICAL PERSPECTIVE

A clinical description of a CDI-like disease was possibly first reported by John Finney and
Sir William Osler at Johns Hopkins Hospital on July 28t 1892.22 A 22-year old female
underwent gastric surgery for a cicatrizing ulcer and developed mild diarrhea ten days
postoperatively. Her diarrhea progressed into frequent bloody stools and she expired 5 days
later. Autopsy records indicated a “diphthertic colitis” was observed in the small bowel.22
Interestingly, while this occurred in the preantibiotic era, the patient had receive a boric acid
stomach irrigation prior to surgery as a local antiseptic.22

In 1935, Hall and O’ Toole first described Bacillus difficilis, a difficult to grow, obligate
anaerobic, gram-positive, spore-forming, cytotoxin-producing rod isolated from the
intestinal tract of healthy newborn infants.23 Eventually it was renamed Clostridium
difficile, but because it had been isolated from healthy infants there was no reason to believe
it had any deleterious effects in humans. Even today, it is well recognized that infants can be
colonized with C. difficile, which can persist during the first 2 years of life.24 For decades C.
difficile was not linked to PMC and little remained known about the organism, except that it
was considered to be part of the normal intestinal ecology of infants. Notably, PMC, a

J Pharm Pract. Author manuscript; available in PMC 2014 August 11.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

DePestel and Aronoff

Page 3

hallmark of CDI, was rare before the widespread use of antibiotics in the last 1940s and
early 1950s.25 Subsequently, reports of antibiotic-associated diarrhea and PMC became
much more frequent and antibiotic-resistant S. aureus was implicated as the causative
organism based on routine stool culture.28

In 1974, Tedesco et al. identified a strong relationship between clindamycin and PMC,
termed “clindamycin-colitis”.2” They conducted a prospective study of 200 consecutive
clindamycin recipients and found that 21 percent developed diarrhea, which upon further
endoscopic examination revealed that 50 percent had evidence of PMC.27 Later studies
demonstrated that administration of vancomycin to hamsters was protective against
clindamycin-colitis, suggesting that certain gut bacteria play a role in the pathogenesis of
PMC.28 The concept at the time that broad-spectrum antibiotics were altering the indigenous
gut microbiota and allowing for overgrowth of a pathogenic organism set the stage for our
current understanding of CDI. In the late 1970s, an early notion that S. aureus was the major
bacterial cause of antibiotic-associated PMC was fading and a series of investigations
eventually led to C. difficile being reported as causative pathogen. Investigators initially
reported a clostridial toxin was the cause of the cytopathic effect on the gut.2%30 In 1978,
Bartlett et al. implicated toxin-producing C. difficile as a cause of PMC.1 Eventually, several
investigators were able to isolate C. difficile from the stool of patients with PMC,31:32
During the next decade, research established epidemiologic data, clinical features, diagnostic
tests, and effective therapies. By the late 1980s many believed CDI was well understood and
could be effectively managed with available diagnostic and therapeutic modalities.33

Until the turn of the 215t century CDI was largely viewed as a treatable complication of
antimicrobial therapy and not viewed as a major public health threat. However, in the last
decade CDI has reemerged as a serious infectious disease, occurring more frequently, with
increased severity, and more refractory to standard therapy. This reemergence has led to a
renewed interest in the changing epidemiology and outcomes of CDI.

INCIDENCE AND DISEASE BURDEN

C. difficile infection is the major identifiable cause of antibiotic-associated diarrhea and is
responsible for 15-25 percent of all cases, with a marked increase in the incidence of CDI
since the turn of the 215t century.2 The reemergence of CDI, coupled with an increasingly
vulnerable healthcare population has resulted in more frequent medical and surgical
complications, added health care costs, and greater mortality. From 1996 to 2000, the
reported incidence of CDI cases in acute care hospitals in the U.S. remained relatively stable
at 30-40 discharges per 100,000 population, but nearly doubled to 60 discharges per
100,000 population in 2003.8 There was a significant upward trend from 2000-2003, with
the largest increase in 2001.8 An increase in the number of patients with severe CDI and
need for colectomy was noted in Quebec, Canada in 2002.16 Upon further investigation, it
was discovered that the rate of CDI more than doubled from 65.6 to 156.3 per 100,000
population from 1991 to 2003, respectively.18 Additionally, the proportion of patients who
had complicated cases (defined as development of megacolon, perforation, colectomy, shock
requiring vasopressor support, mortality) increased from 7.1 to 18.2 percent (P<0.001) and
30-day mortality increased from 4.7 to 13.8 percent (P<0.001).16 By the turn of the
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millennium reports of a new epidemic were emerging in the U.S. 12:17:34.35 gng
Canada, %2536 followed by reports in Europe.37-39

Analysis of the Healthcare Cost and Utilization Project (HCUP) database, sponsored by the
Agency for Healthcare Research and Quality, indicated that there was more than a 2.5-fold
increase (139,000 to 349,000) in the number of hospitals stays with any CDI discharge
diagnoses in the U.S. from 2000-2008; a 3.5-fold increase (32,800 to 114,000) was
attributed to a principle diagnosis of CDI over the same period.” However, after steady
increases over the past decade, the number of CDI-related hospital stays appears to have
leveled off between 2008 and 201047; albeit at historically high levels. There were 349,000
and 336,600 CDI-related hospital stays in the U.S. in 2008 and 2009, respectively; each year
approximately one-third had a principle diagnosis of CDI.” In 2009 CDI accounted for
almost 1 percent of total admissions.” Similar trends have been noted in parts of Europe
since 2007, in fact recent data suggest the incidence of CDI may be declining in some areas.
From 2007 to 2010, a 61 percent reduction in the incidence of CDI was observed in
England.*! It is not entirely clear if the decreased incidence is due to the success of
expanded prevention and control efforts, changes in the prevalence of epidemic strains (i.e.,
ribotype 027) or perhaps a combination of factors.

C. difficile infection disproportionately affects older patients with dramatic differences
observed in those =65 years of age, as evidenced by the several fold higher age-adjusted rate
of CDI in this subpopulation.142 In the U.S. a total of 93 percent of deaths from CDI
occurred in persons =65 years of age and was reported as the 18 leading cause of death in
this age group in 2008.43 Recent analysis of the HCUP database indicates patients >85 years
of age have the highest rate (1,089 per 1000,000 population) of CDI hospitalizations,
followed by patients =65 years of age (465 stays per 1000,000 population).” Collectively,
those =65 years of age represented 92 percent of CDI-related hospital stays in the U.S. in
2009.”

While the epidemiology of CDI has changed in the past decade, one of the most notable
changes has been the apparent increased incidence among populations in the community
who were historically considered to be at low risk, such as healthy peripartum women,
children, antibiotic-naive patients, and those with minimal or no recent healthcare
exposure.3-8 Data from North America and Europe suggest that approximately 20-27
percent of all CDI cases are community-associated, with an incidence of 20-30 per 100,000
population.?* The results of a population based-study evaluating the epidemiology of
community-acquired CDI were recently published.?® The study evaluated all confirmed
cases of CDI in a Minnesota county from 1991-2005 and compared community- vs.
hospital-acquired cases of CDI. Hospital-acquired infection was defined if onset of
symptoms occurred >48 hours after admission to, or <4 weeks after discharge from a
healthcare facility. Community-acquired infection was defined if onset of symptoms
occurred in the community or within 48 hours of admission to a hospital, provided symptom
onset was >12 weeks after the last discharge from a hospital. A total of 385 definite CDI
cases were identified; 157 (41 percent) were community-acquired. The incidence of
community-acquired CDI increased 5.3-fold; from 2.8 to 14.9 per 100,000 person-years
(P<0.0.001). Similarly, the incidence of hospital-acquired CDI increased 19.3-fold; from 2
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to 40.2 per 100,000 person-years (P<0.0.001). In contrast to those with hospital-acquired
CDlI, patients with community-acquired infection were younger (median age 50 vs. 72
years), likely to be female (72 vs. 60 percent), and had lower comorbidity scores. Those with
community-acquired CDI were also less likely to have severe infection (20 vs. 31 percent),
more likely to be antibiotic-naive (22 vs. 6 percent), less likely to be on gastric acid
suppressing therapy (22 vs. 47 percent), and less likely to have cancer (17 vs. 32 percent).
No differences in recurrence rates (~30 percent) were noted between the two groups. The
finding of this population based-study demonstrate that a significant proportion of CDI cases
occur in the community and generally involve younger, less ill patients. The burden of CDI
is usually evaluated in hospitalized patients and therefore, likely underestimates the burden
of disease and overestimates its severity.

Recently the Centers for Disease Control and Prevention (CDC) launched an active,
population-based surveillance for CDI through the Emerging Infections Program.#® One of
the objectives is to describe the epidemiology of community-associated CDI (CA-CDI).
Community-associated CDI cases were defined if a positive stool specimen was collected as
an outpatient or within 3 days of an acute care admission in a patient without documentation
of an overnight stay in a healthcare-facility in the prior 12 weeks. In 2010, a total of 10,342
CDiI cases were identified from across the U.S, of which 3,269 (32 percent) were CA-CDI.
The median age of CA-CDI cases was 52 years (range 1-93 years), and 61percent were
female; 1 percent of whom was in the peripartum period. Greater than a quarter (27 percent)
resulted in hospitalization within 7 days after a positive C. difficile stool sample. Intensive
care unit admission within 7 days, colectomy and death were uncommon: 2, 0.3, and 0.9
percent, respectively. The recurrence rate was 9 percent; occurring a median of 26 days
(range 14-56 days) after the positive C. difficile stool collection. The ribotype 027 strain
was the most prevalent strain identified in the CA-CDI population.

Reports indicate the incidence of CDI among hospitalized children has also been increasing
across the U.S.34749 A retrospective cohort study of hospitalized children evaluated CDI at
22 freestanding children’s hospitals in the U.S., from 2001-2006.3 The annual incidence
increased over the study period from 2.6 to 4.0 cases per 1000 admissions (53 percent;
P=0.04) and from 4.4 to 6.5 cases per 10,000 patient-days (47 percent; P=0.06).3 Similarly,
a study utilizing the Healthcare Cost and Utilization Project Kids’ Inpatient Database along
with a second database, the National Hospital Discharge Survey, demonstrated a prominent
increase in CDI-related hospitalizations, from 7.24 to 12.80 per 10,000 hospitalizations from
1997-20086, respectively.*® A second study utilizing numbers from the Healthcare Cost and
Utilization Project Kids’ Inpatient Database, also noted a significant increase in the number
of CDI cases (3,565 to 7,779; P<0.001) over the same time period.#’ In this study, pediatric
patients with CDI had an increased risk of death (adjusted odds ratio [OR], 1.20; 95%
confidence interval [95% CI], 1.01-1.43, colectomy (adjusted OR, 1.36; 95% CI, 1.04—
1.79), a longer length of stay (adjusted OR, 4.34; 95% CI, 3.97-4.83), and higher
hospitalization charges (adjusted OR, 2.12; 95% CI, 1.98-2.26), compared to those without
CDLA

Most studies describing the epidemiology of CDI in children involve hospitalized patients,
which likely underestimates the burden of disease in this population. Hence, a recent
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population-based cohort study assessed the epidemiology of CDI in children from 1991-
2009 in a county of Minnesota.4® A total of 92 cases of CDI were identified over the study
period. The overall age- and sex- adjusted CDI incidence was 13.8 per 100,000 person-
years, representing a significant 12.5-fold increase, from 2.6 (1991-1997) to 32.6 per
100.000 (2004-2009) person-years; P<0.001. In the 12 weeks prior to CDI diagnosis,
exposure to antibiotics and gastric acid suppression medication occurred in 78 and 20
percent of cases, respectively. The majority (75 percent) of CDI cases were considered CA-
CDI according to Infectious Diseases Society of America/Society of Healthcare
Epidemiology of America definitions.*? Similar to the overall population, the age and sex
adjusted CA-CDI incidence was 10.3 per 100,000 persons, representing a significant 10.6-
fold increase, from 2.2 (1991-1997) to 23.4 per 100.000 (2004-2009) persons; P<0.001. In
86 percent of the CA-CDI cases, patients had an outpatient or an emergency department visit
in the three months, while 11 percent did not have any healthcare exposure in the 12 week
prior to CDI onset. These findings are similar to a recent CDC report, noting a majority of
patients with CA-CDI had healthcare exposure prior to CDI.%0

As noted, it is important to remember that most of the published data on incidence (and
economic costs) represent CDI diagnosed in the acute-care hospital setting and therefore
likely underestimates the total burden of CDI on the overall healthcare system. As an
example, mandatory reporting of CDI in hospitals and nursing homes in Ohio during 2006
indicated the rate of initial cases was higher in hospitals compared to nursing homes; 6.4—
7.9 vs. 1.7-2.9 cases per 10,000 patient-days; respectively.>! However, it was estimated that
more 60 percent (11,200 of 18,200 cases) of the total burden of healthcare-associated CDI
cases may have their onset in long-term care facilities.>!

Analysis of the HCUP database reported among patients diagnosed of CDI during
hospitalization in 2009, 4.8 percent were readmitted within 30 days with CDI as a principle
diagnosis, 12.8 percent were readmitted with CDI listed as either principle or secondary,
compared to 29.1 percent all-cause readmission.40 Overall, 41.5 percent of CDI index stays
resulted in discharge to long term care, and readmission rates for these patients were higher
than for patients overall.#? Most astonishing was the nearly half (49 percent) of these
patients were readmitted (all-cause readmission) to the hospital within 90 days.40

C. difficile infection places a significant economic burden on the healthcare system. The
acute-care direct costs of CDI in the U.S. were estimated to be $4.8 billion in 2008.21
Analysis of the HCUP database indicate the average cost for a CDI stay was $24,400 in
2009.7 While the aggregate cost for all CDI stays was $8.2 billion; $1.1 vs. $7.1 billion for
principle and secondary diagnosis, respectively, or 2.3 percent of all hospital costs in the
U.S.” Hospital stays during which CDI was a secondary diagnosis were more than twice as
long as those with CDI as a principle diagnosis (16.0 vs. 6.9 days) and costs were more than
three times higher ($31,500 vs. $10,100).” However, the actual cost is likely higher and
more data are needed to assess healthcare cost when considering indirect costs associated the
overall management of CDI, including recurrences. Furthermore, nearly all the published
studies have focused on CDI diagnosed and treated in acute-care hospitals and fail to
measure the burden outside the hospital, including recently discharged patients, outpatients,
and those in long-term care facilities.21:50
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DISEASE SEVERITY AND RECURRENCES

Over the last decade there has been reports suggesting not only a significant increase in the
incidence, but also in the severity of CDI resulting in increased colectomies and
death.16:17.52.53 patients with CDI hospital stays are more severely ill than hospitalized
patients in general and are at increased risk of morbidity and mortality. A recent multicenter
study in the U.S. reported a colectomy rate of 8.7 per 1,000 CDI cases from 2000-2006.%4
Overall, there was no significant change in the CDI-related colectomy rate over the study
period. Risk factors for colectomy included age =65 years (OR, 1.6; 95% ClI, 1.0-2.6),
community-onset CDI (OR, 3.4; 95% CI, 2.0-5.5, and significant variability in colectomy
rates was noted among institutions.>* While rates of colectomy remain low, mortality has
steadily increased over time. During outbreaks of CDI, all-cause mortality has been reported
to be between 15-25 percent within 30 days.19:25:55.56 Attributable mortality among patients
with CDI is difficult to estimate given those affected typically are of advance age and have
multiple underlying comorbid conditions. However, data from the U.S. vital records indicate
an increasing trend in CDI-related mortality. The number deaths with CDI listed as the
primary cause of death increased more than 9-fold; 793 to 7483 in the U.S. from 1999 to
2008, respectively.*3 The age-adjusted death rate for CDI increased from 2.0 to 2.3 deaths
per 100,000 population from 2007 to 2008, respectively; representing a 15 percent
increase.*3 A recent study examined the trends in gastroenteritis-associated deaths across the
U.S. between 1999 and 2007.57 C. difficile infection was the main contributor to
gastroenteritis-associated deaths over the study period. C. difficile mortality increased 5-fold
from 10 to 48 per 1,000,000 person-years from 1999-2000 to 2006-2007 (p<0.001),
respectively.®’ In 2009, analysis of HCUP data indicated patients with CDI had higher
severity of illness scores, were at higher risk of major or extreme loss of function, and were
at higher risk of mortality.” Approximately 9.1 percent of CDI stays ended in death,
compared with less than 2 percent for all other inpatients.” A Canadian surveillance study
reported the attributed mortality rate of healthcare-associated CDI increased almost 4-fold
between 1997 and 2005 (5.7 vs. 1.5 percent; p<0.001).°® The highest rates of attributed
mortality was among those >65 years of age, representing 3.5-fold increase compared to
those 18-64 years of age; 7.3 vs. 2.2 percent; p<0.001, respectively.5® A recent multicenter
cohort study from the Netherlands evaluated CDI-related mortality in an endemic setting
from 2006 to 2009.%8 All cause-mortality was 13 percent after 30 days and 37 percent after 1
year. Compared to control patients, CDI patients has a 2.5-fold increase (Hazard ratio, 2.5;
95% ClI, 1.4 - 4.3) in 30-day mortality rate after adjusting for age, sex and underlying
comorbid conditions.®8 Encouraging data have recently emerged from the United
Kingdom.*! Coinciding with the declining incidence of CDI in recent years, mortality rates
have also been noted since 2007. The number of death certificates mentioning CDI
decreased by 70.5 percent from 7,916 to 2,335 instances between 2007 and 2010.41
Although further investigations are needed to verify these findings elsewhere in Europe and
North America. Nevertheless, these data collectively highlight the considerable disease
burden and clinical impact of CDI on patient outcomes.

The increasing trend in morbidity and mortality has been noted since the start of the 215t
Century eventually lead to the recognition of an emerging, previously rare strain, ribotype
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027.13.14.17.25 Thjs epidemic strain has become endemic in many North American healthcare
settings.1425:59 |t has been widely reported that the ribotype 027 strain is more virulent or
“hypervirulent” compared to other pathogenic isolates of CDI.13:14 More recently, other
genotypes including ribotypes 078/126, 056, and 018 have been reported to be associated
with more complicated disease outcomes.®0 Several microbial characteristics have been
attributed to possible hypervirulence, including mutations in the regulatory gene tcdC
causing hyperproduction of toxins A and B, production of a binary toxin, antibiotic
resistance, improved toxin binding to target cells, increased sporulation, and mutations in
surface layer proteins that increase its adherence to intestinal epithelium.4461

While beyond the scope of this review, the term “hypervirulent” and the notion that certain
ribotypes cause more severe disease is currently an active matter of debate.60.62-65 Degpite
clear epidemiological associations between infection with ribotype 027 (and other) strains
with adverse outcomes, a confounding factor is that such “hypervirulent” strains of C.
difficile tend to infect hospitalized, older adults who are intrinsically more vulnerable to
doing poorly upon acquiring CDI.18:56.66 When a particular ribotype of C. difficile (for
example 027) disproportionately infects older adults in the hospital or long term care
facility, including patients with declining functional status and/or multiple comorbidities, it
is not surprising to find an association between that particularly strain of C. difficileand
poor clinical outcomes when compared to younger, healthier patients disproportionately
infected with other ribotypes. Controlling for such differences in host factors has been
difficult and needs to be better accomplished in future, prospective studies. In addition,
because of intensive efforts to reduce the burden of CDI over the past decade it is
challenging to draw conclusions about the impact of bacterial ribotypes on disease incidence
and severity without adjusting for shifts in practice over time. For example, recent studies
that have tied the waning of ribotype 027 strains with simultaneous improvements in clinical
outcome have not adjusted for changes in diagnostics, CDI treatment, antimicrobial
stewardship, and infection control that occurred over the same period and could strongly
impact disease severity.*! Thus, while “hypervirulent” ribotypes of C. difficile might exist,
the absolute risk for severe CDI posed by such strains remains to be clearly defined and
requires further, well-controlled, prospective studies.

Disease severity is generally an initial concern at the time of diagnosis, whereas recurrence
of symptoms, as a consequence of relapse of the original infection (i.e., endogenous
persistence of the same strain) or reinfection (i.e., acquisition of a new strain from an
exogenous source), is an ongoing challenge over the continuum of care. Recurrence
requiring retreatment continues to be one of the greatest challenges in the management of
CDI. Historically, it has been reported that 12—24 percent of patients experience at least one
recurrence and the risk of further recurrences increases to 50-65 percent if a patient has had
more than two prior episodes.5” A subset of patients experience chronic relapsing CDI with
multiple recurrences.®® Most recurrences occur with the first 30 days after completing a
course of CDI therapy.®® Importantly, recurrence does not appear to be a consequence of C.
difficile resistance to metronidazole or vancomycin.® However, the cause of recurrent CDI
is not completely understood and several mechanisms have been hypothesized including
new or continued disturbances in gut microbiota with subsequent loss of colonization
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resistance, persistence of C. difficile spores in the gastrointestinal tract, a defective host
immune response to C. difficile and/or its toxins or reinfection with a new strain.2:68.70-73
Recurrent CDI significantly increases the overall burden of disease on patients, as well as
the healthcare system. It also increases the need for clinical evaluation (i.e., office visits,
etc.), prolongs hospitalization, increases the cost of care and decreases the quality of life
associated with repeated episodes of diarrhea.69:70 Additionally, patients with recurrent CDI
can serve as a reservoir for infection of other patients who share the same environment.%9 A
challenge to epidemiological studies of CDI is the difficulty discriminating relapse from
reinfection on the basis of common typing schemes (e.g., ribotyping), since the same strain
type can cause either reinfection or relapse. This is particularly problematic in patients who
are hospitalized in an environment enriched with one or more predominant strain types.
Whole genome sequencing or other highly discriminatory techniques will be needed to
surmount this challenge in future studies.’*

PATIENT RISK FACTORS

Several important patient risk factors for CDI have been identified and are summarized in
Table 1. A significant patient risk factor for CDI is recent healthcare exposure,2:42:50.70.75
Frequent hospitalization and increased length stay have been identified as risk factors for
CD1.9 Data from the CDC’s Emerging Infections Program in 2010 determined that 94
percent of CDI cases were associated with receiving healthcare, despite 75 percent of cases
occurring outside the hospital, including in recently discharged patients, outpatients, and
those in long-term care facilities.50 It has been well documented that C. difficile is spread by
the fecal-oral route; spores as well as the vegetative form, can persist on fomites and
environmental surfaces for months.50 Patients are exposed through contact with the
healthcare environment or healthcare workers hands, stressing the importance of infection
control and prevention efforts, in the acute care setting and in other associated healthcare
environments as well.

Antibacterial exposure is a dominant risk for the development of CDI. Nearly every
antibacterial has been associated with the development of CDI, including ironically
metronidazole and vancomycin.’® The indigenous gut microbiota functions to protect
against colonization or infection by pathogenic organisms, including C. difficile; known as
“colonization resistance”.”2 Antibacterials can disrupt the competitive balance or
homeostasis in the gut microbiota and promote the overgrowth of C. difficile, serving as
major step in the development of CDI.72 Recurrent CDI after treatment with vancomycin or
metronidazole, to some extent, is thought to be related to the ability of these antibiotics to
disrupt the gut microbiota.6%77.78 These therapies not only inhibit C. difficile, but also other
bacterial communities, thereby leading to loss of colonization resistance. 9:77:78 |n some
instances, this allows germination of C. difficile spores and proliferation of vegetative cells
in the gastrointestinal tract, causing a re-emergence of C. difficile populations leading to
recurrence.’8

Several antibacterial classes appear to increase the risk compared to others, including
clindamycin, cephalosporins and fluoroquinolones.”€0 |t is important to keep in mind the
relative risk of a particular antibiotic and its association with CDI depends on the local
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prevalence of strains that are highly resistant to a given antimicrobial agent.#? For instance,
clindamycin has been implicated as a risk for CDI, particularly with the “J strain” (REA
type J7/9) which is resistant to clindamycin and was responsible for large outbreaks in the
early 1990s.81 More recently, fluoroquinolone use has been implicated in outbreaks caused
by the ribotype 027 strain, corresponding with a marked increase in fluoroquinolone
resistance in this strain.1417 Cumulative antibiotic exposure via dose, use of multiple
antibacterial agents, and increased days of antibiotic exposure all contribute to the risk of
CD1.280 Alternatively, limited exposure, such as a single-dose antibacterial exposure for
surgical prophylaxis also increases the risk of both C. difficile colonization and
infection.#2:71.82 Some investigators have hypothesized the increased incidence of CDI in
young, healthy peripartum women may be a result of exposure to antibacterial prophylaxis
associated with Cesarean sections.83

Exposure to antibacterials not only increases the risk for CDI during receipt of antibacterial
therapy, but also in the three months after cessation of therapy; with the highest risk during
the first month after antibacterial therapy.”® Importantly, receipt of antibacterials during and
after treatment of CDI has been associated with lower cure rates, prolonged time to diarrhea
resolution, and a trend toward recurrent CDI.” Similarly, a recent retrospective study
demonstrated receipt of antibacterials within 30 days after CDI therapy was significantly
associated with the 90-day risk of recurrence (OR, 4.14; 95% CI, 2.00-8.55) after adjusting
for age, disease severity, and recent hospital or intensive care unit stay.” This findings
highlight the important need for antimicrobial stewardship and the judicious use of
antimicrobial agents. This is especially true in lieu of recent findings that up to 26 percent of
patients with a current or a recent history of CDI receive unnecessary and potentially
avoidable antimicrobial exposure.84 Antimicrobial stewardship efforts should be an essential
component of any intervention aimed at reducing the risk of CDI.

The role of gastric acid suppression agents, such as proton pump inhibitors (PPIs) and
histamine-2 receptor antagonists (H2RAS) has been associated with an increased risk of
CDI.42:85-87 While the precise biological basis for this association has not been fully
elucidated, several hypothesis have been investigated. Decreased gastric acidity could lead
to inadequate sterilization of ingested organisms, including C. difficile, resulting in increased
colonization of the normally sterile upper gastrointestinal tract.88:89 Acid suppressing agents
may also contribute to disruption of the indigenous gut microbiota, resulting in bacterial
colonization of the stomach or upper small intestine, thereby promoting an environment
conducive for C. difficile.% It has also been postulated that bile salts may have a role in
stimulating the conversion of C. difficile spores to the vegetative phase, and alterations in
gut microbiota markedly increases the luminal concentrations of unconjugated bile
acids.8991 Lastly, studies also suggest PPls may have an effect on intestinal neutrophil
activity, which may interfere with defense mechanisms protective against CDI.92-94

In February 2012, the U.S. Food and Drug Administration issued a drug safety
communication noting a possible association between the use of PPIs and CDI.8” The FDA
reviewed 28 observational studies, 23 of which demonstrated a higher risk of CDI associated
with PPI exposure. Most of the studies reviewed found the risk of CDI ranged from 1.4 to
2.75-fold higher among those exposed to PPIs.87 Two recently published meta-analyses both

J Pharm Pract. Author manuscript; available in PMC 2014 August 11.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

DePestel and Aronoff

Page 11

found an overall increased risk of CDI with PP1 use.8586 One of which demonstrated a 65
percent (summary risk estimate, 1.69; 95% ClI, 1.395-1.974 increase in the incidence of CDI
among patients exposed to PPIs.8% While the other demonstrated an association between PPI
use and an increased risk of developing CDI (OR, 1.74; 95% Cl, 1.47-2.85).86 Furthermore,
an association between risk of recurrent CDI and PPI use was also demonstrated (OR, 2.51;
95% Cl, 1.16-5.44).86 Equally important, concomitant use of PPIs and antibiotics conferred
a greater-risk (OR 1.96; 95% CI, 1.03-3.70) than either treatment alone.86 H2RAs appeared
to carried a lower-risk (OR, 0.70; 95% Cl, 0.53-0.97) compared with PP1s.88 While it is
recognized these studies have limitations, it has been well documented that the effectiveness
of PPIs for the treatment of upper gastrointestinal disorders has led to their overutilization in
multiple treatment arenas, exposing patients to an increasing number of potential risks.% In
lieu of the potential increased risk of CDI, the rational and prudent use of acid suppressing
agents should be encouraged.

The patient’s ability to produce an adequate immune response may be a key risk for CDI
development and recurrence.”%:96-98 |n adults, the ability to produce antitoxin antibodies
may be an important determinant leading to colonization versus active infection,61:97.98
Individuals that fail to produce sufficient quantities of immunoglobulin G (IgG) directed
against toxin A are more likely to develop CDI and may also be at higher risk for
recurrences.®”-9 Other investigations have demonstrated that patients with a common
single-nucleoside polymorphism in the -251 region of the interleukin (IL)-8 gene promoter
are at increased risk for CDI.%9

Advanced age is an important risk factor as evident by the disproportionate incidence of
CDI in older patients, as noted above. The particular reasons for this association are likely
multifactorial, including diminished immune response, increased comorbidities, and
increased exposure to antibacterials and the healthcare environment.42:70

Cancer chemotherapy has also been shown to be a risk, independent of antibiotic
exposure.#2:100 several chemotherapeutic agents have been implicated, including
carboplatin, cisplatin, cyclophosphamide, doxorubicin, methotrexate, topotecan, paclitaxel,
vinorelbine, and 5-fluorouracil, as well as others.190 The mechanism is thought to be a result
of the antimicrobial activity of the chemotherapeutic agent and subsequent alterations in gut
microbiota.#2:100 Additional possible mechanisms include severe inflammatory changed
induced by chemotherapy, intestinal necrosis promoting an anaerobic environment within
the gastrointestinal tract, decreased degradation of C. difficile toxins and delayed re-
establishment of indigenous microbiota.100

Populations with underlying chronic comorbid conditions, including those with chronic
kidney disease,191 human immunodeficiency virus (HIV),*2:192 solid organ103.104 or
hematopoietic stem cell transplantation, 190 and inflammatory bowel disease0° all appear to
be at an increased risk of developing CDI. It is not entirely clear if these patients are at
specific increased risk because of their underlying immunosuppression, exposure to specific
medications, frequent exposure to antimicrobials, frequent and prolonged exposure to the
healthcare environment, or some combination of factors.
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Risk factors for CA-CDI have not been fully elucidated.*8 While increased exposure to
antibacterial agents could be an important factor, there have been reports of CA-CDI in the
absence of antibacterial exposure.106:107 As previously discussed, the use of gastric acid-
suppressive agents could also be a potential risk factor. Interestingly, a recent study
demonstrated the odds of developing CDI were 80 percent greater in current smokers and 33
percent greater in former smokers compared to nonsmokers.1%8 The study included those
>50 years of age and CDI diagnosed both in the inpatient and outpatient setting. Increased
transmission of C. difficile in the community could play a role. C. difficile has been isolated
from the environment in outpatient healthcare areas and daycare centers, possibly serving as
a reservoir for transmission.#® It has been suggested that exposure to household contacts
with CDI and children less than 2 year of age, a group that is known to be highly colonized
with C. difficile, could serve as a potential reservoir for transmission.>:24:109 |_astly, it has
been hypothesized that retail food products and domestic animals could serve as potential
source of C. difficile exposure,110 however, as with other possible factors further research
needs to be conducted better understand risk factors for CA-CDI.

As previously mention, recurrent CDI represents one of the greatest challenges in the current
management of CDI. Risk factors for recurrence and those for an initial episode are not
necessarily mutually exclusive (Table 1). Several risk factors that initially predispose a
patient to CDI remain an ongoing problem. A predominant risk factor is an episode of initial
recurrence.20 Studies have demonstrated that the risk of recurrence more than doubles after
two or more recurrences.11:112 |ndividuals that lack of a host response to produce sufficient
quantities of antibodies directed against toxin A and those individuals with a common
single-nucleoside polymorphism in the -251 region of the interleukin-8 gene promoter may
have an increased risk for recurrences.%-98 The risk of recurrences increases with advanced
age with those patients =65 year of age at highest risk.5970.73 Disruption of the gut
microbiota and loss of colonization resistance has been investigated’2 as a risk factor
recurrence and provides the biological basis for the successful use of fecal microbiota
transplantation.113 Other risk factors for recurrence include concurrent use of antibiotics for
non-CDI, acid suppressing agents, exposure to the healthcare environment, and underlying
chronic comorbidities.89-71.73.77

FUTURE CHALLENGES

Our knowledge of CDI continues to evolve, challenging our understanding of CDI
epidemiology. The need for standardized definitions and surveillance methods to detect
outbreaks, assess disease trends, and facilitate comparison of CDI rates across healthcare
institutions was recognized earlier this decade with the increased incidence and severity of
CDI.#4 Consensus recommendations for surveillance, including case definitions, were
published in 2006 by the European Centre for Disease Prevention and Control (ECDC)3°
and in 2007 by the CDC.114 While there have been improvements in surveillance of CDI in
recent years, there is still a considerable lack of timely epidemiologic data and more needs
to be accomplished. Gaining a better understanding of the incidence of CDI and the number
of new cases that arise each year is fundamental to understanding the spread of C. difficile
within healthcare facilities, within the community, and from other reservoirs of infection.11°
National surveillance programs are vital to monitor the incidence, identify populations at
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risk, and characterize the molecular epidemiology of strains causing CDI.#* Lastly, given
the shift in risk factors in the community setting, epidemiological studies that only utilize
data from the acute care hospital setting under reports a significant proportion of CDI cases,
skewing severity data and under representing the economic burden of the disease.*®

Another challenge to our understanding of CDI epidemiology is the rapidly changing
laboratory diagnostic approaches to CDI.944 The enzyme immunoassay (EIA) for detection
of toxins A and B has been the most widely used laboratory test for CDI diagnosis, however,
EIAs are known to have suboptimal sensitivity and specificity.116 More recently,
polymerase chain reaction (PCR) assays, which detect the C. difficile genes involved with
toxin production, have increased in popularity and offer higher sensitivity and specificity
and more rapid turnaround time compared to EI1As.118 Some have advocated for a 2- or 3-
step testing algorithm utilizing various methods to improve diagnostic yield.117 However,
variability in laboratory testing methodology will likely influence CDI rates. Institutions that
have implemented PCR assay based screening for CDI have reported 2- to 3-fold increases
in rates.#4118 Unless adjustments based on methodology and population prevalence are
considered, hospitals participating in public reporting of CDI rates will be at a disadvantage
for performing the most sensitive testing methodologies.}1” There is active controversy
about whether PCR should be a stand-alone diagnostic tool for CDI, since this can detect
colonization in addition to infection, potentially resulting in overtreatment and
overreporting.119 In addition, PCR might diagnose very mild cases of CDI that might
resolve without therapy.120 Patients diagnosed only on the basis of PCR may have fewer
complications and less severe disease than patients diagnosed on the basis of toxin detection,
though this is controversial.119-121 Therefore, more research is warranted. Nevertheless,
PCR is advocated in recent guidelines for use in the diagnosis of CDI.116

SUMMARY

In the past 10-15 years, C. difficile infection (CDI) has reemerged as an increasingly
important infectious disease worldwide. The dramatic increase in the incidence of CDI,
coupled with an increasingly vulnerable healthcare population has resulted in more frequent
medical and surgical complications, added health care costs, and greater mortality.
Furthermore, CDI is now increasingly being recognized in patient populations previously
considered to be at low risk.

After steady increases over the past decade, the number of CDI-related hospital stays
appears to have plateaued in recent years. It is not entirely clear if the decreased incidence is
due to the success of expanded prevention and control efforts, changes in the prevalence of
epidemic strains (i.e., ribotype 027) or perhaps a combination of factors. Emerging risk
factors and disease recurrence represent continued challenges in the management of CDI.
The acute-care direct costs of CDI were estimated to be $4.8 billion in 2008. However, the
actual cost is likely higher when considering indirect costs associated with the overall
management, including treating recurrences. Nearly all the published studies have focused
on CDI diagnosed and treated in acute-care hospital setting and fail to measure the burden
outside the hospital, including recently discharged patients, outpatients, and those in long-
term care facilities. Enhanced surveillance methods are needed to monitor the incidence,
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identify populations at risk, and characterize the molecular epidemiology of strains causing
CDL.
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Table 1

Patient risk factors for initial and recurrent Clostridium difficile infection

Risk for initial episode?

Risk for recurrent episode(s)@

Advanced age (=65 years)*270
Antibacterial therapy?4270.71,76.79-82

Cancer chemotherapy?2:100

Enteral feeding and gastrointestinal surgery*?
Gastric acid suppressing agents*270.85-88
Healthcare exposure#250.70.75

Impaired immune responsg42.70.96-98
Smoking and history of smoking%®
Underlying chronic comorbidities®4101-105

Advanced age (=65 years)9.70.73
Antibacterial therapy®9-71.73.79

Gastric acid suppressing agents?2.70.73,85-88
Healthcare exposure?#2:50.69.70.75

Impaired immune response%6-9

Previous episode(s) of CD|20:111.112

Underlying chronic comorbidities®®

aListed alphabetically
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