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Course Objective

Clostridioides difficile infection (CDI) continues to be a chal-
lenging clinical and infection control issue for hospitals and
other healthcare facilities. It has now passed methicillin-
resistant Staphylococcus aureus (MRSA) to become the most
prevalent hospital-associated infection. The purpose of this
course is to provide a practical review of the epidemiology,
pathogenesis, clinical features, and management of CDI,
with an emphasis on prevention and infection control
measures required to limit transmission and reduce the
incidence of disease.

Learning Objectives
Upon completion of this course, you should be able to:

1. Discuss the pathogenesis, clinical features,
and current trends in virulence and prevalence

of Clostridioides difficile and C. difficile diseases.

2. Identify populations at increased risk for
C. difficile infection.

3. Describe ways C. difficile can be transmitted.

4. Cite methods of testing for C. difficile
colonization and infection.

5. Select an appropriate C. difficile treatment
option based on severity of disease.

6. Apply key principles and develop a specific
strategy for infection control and prevention
of C. difficile infection within healthcare
facilities, including contact precautions,
environmental cleaning, and antimicrobial
stewardship.

Pharmacy Technician Learning Objectives
Upon completion of this course, you should be able to:

1. Outline the epidemiology and presentation
of Clostridioides difficile infection.

2. Describe methods to detect, treat, and
prevent C. difficile infection.

Sections marked with this symbol include
evidence-based practice recommen-
dations. The level of evidence and/or

EVIDENCE-BASED strength of recommendation, as provided

PRACTICE

recomvenoation by the evidence-based source, are also

included so you may determine the validity or relevance
of the information. These sections may be used in con-
junction with the course material for better application
to your daily practice.

INTRODUCTION

The bacterium Clostridioides difficile can cause severe
colitis and life-threatening diarrhea. Most infections
occur in persons who have recently taken antibi-
otics for other conditions. Before the incidence
of C. difficile increased and more virulent strains
were identified, diarrhea associated with antibiotic
therapy was often considered nothing more than a
nuisance, sometimes even an acceptable risk of tak-
ing antibiotics. However, complacency toward this
healthcare-associated complication is no longer an
option in any setting.

According to 2019 statistics, hospital-onset,
healthcare-associated C. difficile infection (CDI)
has increased in frequency, surpassing methicillin-
resistant Staphylococcus aureus (MRSA) infections to
become the most prevalent hospital-acquired infec-
tion [1; 2]. In 2019, an estimated 323,700 infections
and 10,600 deaths were caused by MRSA, compared
with 223,900 infections and 12,800 deaths caused
by CDI [1]. Although MRSA is still a major patient
threat, hospital-related infections declined 21%
between 2013 and 2017, whereas those related to
CDI remained relatively stable (244,400 cases in
2013 and 223,900 cases in 2017) [2]. As of 2017,
the Centers for Disease Control and Prevention
(CDC) estimates there are 223,900 cases of CDI in
hospitalized patients each year leading to 12,800
deaths, with an attributable healthcare cost of $1
billion [3]. The CDC has assigned a threat level of
“urgent” to C. difficile, meaning these bacteria are
immediate public health threats that require urgent
and aggressive action [1; 3].

C. difficile bacteria form spores that are shed in the
stool and are able to survive on environmental sur-
faces for months. The usual preventive measures and
precautions that are effective in reducing acquisition
of MRSA have proved to be much less effective
for C. difficile. Moreover, there is concern that the
prevalence of CDI may be considerably greater than
indicated by clinical publications, which are often
based on hospital surveillance and do not account
for cases of CDI that develop after discharge or arise
in the community [4].
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AN OVERVIEW OF THE
C. DIFFICILE PROBLEM

Compounding C. difficile issues in hospitals is
the fact that variant strains of the pathogen have
emerged in response to antimicrobial pressure,
strains with heightened virulence and diminished
responsiveness to metronidazole therapy. This trend,
which is not confined to healthcare facilities, is
now evident in the community, where cases have
appeared in previously unaffected populations [1].
Even more significant, a number of these cases have
been observed in patients with no recent hospitaliza-
tion or antibiotic use, according to a study based on
the Rochester Epidemiological Project [5]. Probable
causes for this change include an aging population,
broader use of antibiotics, widespread resistance to
fluoroquinolones, and a new, more virulent strain

of C. difficile [1; 5].

Some CDI cases are also proving more difficult to
treat, with the emergence of resistant strains and
increasing number of community-acquired cases [1].
As a result, the pathogenesis of CDI is not always
clear-cut; it could be attributed to overuse of antibi-
otics, undertreatment (i.e., patients not completing
a full course of antibiotics), or even a novel change
in the bacteria.

Within hospitals and long-term care facilities there
exists an undetected reservoir of asymptomatic
patients who are “carriers” of C. difficile [4]. Many
studies indicate that noncompliance with preven-
tive measures designed to limit transmission, such
as proper cleaning of infected patients’ rooms, play
a role in this problem. One key to controlling CDI
may lie in the practice of cleaning all surfaces as if
they are contaminated with C. difficile rather than
only the surfaces in rooms of patients known to
be infected [4]. Another study described a targeted
strategy to eliminate C. difficile using ultra-germicidal

bleach wipes for cleaning. Before the intervention,
the incidence of CDI was 18.4 per 10,000 patient-
days. After the intervention, the incidence decreased

to 3.76 per 10,000 patient-days [4].

Complicating this difficult issue is the fact that com-
mon hand-hygiene products are often ineffective at
eliminating C. difficile, perhaps because the bacteria
have “sticky” properties, similar to anthrax. C. diff
cile spores have an exosporium that confers a particu-
late adherence —sticky chains of protein-containing
substances that stick on hands. This reinforces the
need for Contact Precautions, including gloves, for
the care of these patients [6].

A survey conducted by the Association for Profes-
sionals in Infection Control and Epidemiology
(APIC) found that, of the hospitals that participated,
most are using multiple strategies to address CDI

[7]. This included:

e 70% adopting additional interventions
since the previous survey (but only 42%
have seen a decline in CDI)

e 77% having hand hygiene initiatives
(promoting soap and water handwashing
but also having alcohol-based hand rubs
available)

*  75% conducting surveillance or other
methods and activities to promptly identify
CDI cases (before the Centers for Medicare
and Medicaid Services [CMS] reporting
requirements went into effect)

*  42% always placing CDI patients on
Contact Precautions, using gowns and
gloves when caring for them

*  92% increasing their emphasis on
environmental cleaning

Although CDI rates are at historic highs, only one
in five survey respondents (21%) have been able to
add more infection prevention staff since 2010 [7].
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Six in ten respondents did not have an antimicrobial
stewardship program, which is a vital strategy, as
90% of patients with CDI have previously received
antibiotics [7]. The variation in some of the practices
identified in the CDI Pace of Progress survey indi-
cate a need to improve standardization of prevention
measures and guide future practices [7].

Two large population studies have modified under-
standing of the epidemiology and prevention of
CDI, emphasizing the value of tight control over
antimicrobial usage in hospitals. The first is a CDC
analysis of 10,342 cases of CDI, collected from 111
hospitals and 316 nursing homes [8]. Although
94% of cases were healthcare associated, only 25%
resulted from acquisition of C. difficile in the hospi-
tal where illness was observed. In 75% of cases, C.
difficile (colonization or active infection) had been
acquired prior to hospitalization.

A second study, conducted by the British health
system in response to a growing epidemic of CDI
throughout the United Kingdom, showed [9]:

e Using molecular chain-sequencing to
track acquisition and transmission of
strains within the hospital environment,
only 25% of cases resulted from person-to-
person transmission within the hospital.

* The majority of patients were already
colonized at the time of admission.

* Tight control of antimicrobial usage,
including a restriction on the use of
fluoroquinolones and cephalosporins,
resulted in a 60% reduction in the
CDI case rate.

These studies demonstrate that a significant pro-
portion of CDI cases occurring within healthcare
facilities, especially hospitals, are the result of
antimicrobial therapy in patients colonized prior
to admission. Moreover, the targeted control of
antibiotic usage (i.e., an antimicrobial stewardship
program) is seen to be as important as the usual
infection control measures for reducing the number
of cases and limiting transmission.

THE CURRENT ENVIRONMENT

Most anaerobic infections arise from sources
indigenous to the patient. However, there are
circumstances in which infection develops after
acquisition of dormant bacteria from an exogenous
source. The ability of organisms like C. difficile to
produce spores makes them easily acquired from
the environment. C. difficile is the main pathogen
implicated in antibiotic-associated colitis and is the
causative pathogen for 15% to 25% of nosocomial
antibiotic-associated diarrhea [10].

As discussed, current strains of C. difficile may be less
susceptible to available treatments, making its grow-
ing prevalence an even greater concern. One study
noted the emergence and increasing prevalence of
C. difficile strains with reduced susceptibility to both
metronidazole and vancomycin [11].

PREVALENCE AND BURDEN OF CDI

C. difficile accounts for 20% to 30% of all antibiotic-
associated diarrhea and is the most commonly
identified reason for infectious diarrhea in hospital
settings [10]. Because CDI is not a reportable disease
in the United States, data are sparse. Only 20 states
mandate hospital reporting either under state law or
by incorporating the federal reporting requirements
of the CMS. While state laws are more common,
incorporation of federal reporting requirements is
increasing. State surveillance activities have been
heavily influenced by the CMS reporting require-
ments, which became mandatory in 2013. States
that have not mandated reporting have taken other
actions to reduce CDIs by implementing prevention

collaboratives offered by the CDC [12].

The CDC Emerging Infections Program (EIP) was
established in 2011 to monitor the incidence C. diff
cile infection and the burden of CDI in communities
and hospitals within the United States. The EIP net-
work consists of 35 counties in 10 states, with a sur-
veillance population in excess of 12 million persons
[13]. In 2021, 13,348 cases of CDI were reported
to EIP. Of these, 49.3% were healthcare-associated

and 51.0% were community-associated cases. The
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estimated incidence nationally was 55.9 per 100,000
population for community-associated CDI and 54.3
per 100,000 population for healthcare-associated
CDI. Incidence rates were higher among female
patients than male patients, among White patients
than non-White patients, and among persons
younger than 65 years of age than those older than
65 years of age [13]. Adjusting EIP data for enhanced
sensitivity of diagnostic testing in the past decade,
the estimated national burden of CDI decreased
24% from 2012 to 2017 [14]. This improvement
was driven by a 36% decline in reported cases of
healthcare-associated CDI. Although hospitaliza-
tions for CDI also declined by 24%, the number
of first recurrences and in-hospital deaths did not
change significantly. The estimated incidence of
community-associated CDI was unchanged from
2011 to 2017 and accounted for almost 50% of the
national burden of CDI in 2017. These data dem-
onstrate the need for continued efforts to improve
infection prevention and antibiotic stewardship in
both inpatient and outpatient settings [14].

It is believed that long-term care facilities may be
at the greatest risk for outbreaks. Because many of
the patients in these settings are elderly and have
been exposed to multiple antimicrobials, it has been
suggested that the disease and colonization rates
may be high [10]. An analysis of acute care hospital
discharges in the United States found the discharge
diagnoses of CDI doubled between 2000 and 2003.
In 2003, close to 2% of patients discharged from
acute care to long-term care carried the diagnosis

of CDI [10].

CDl-associated medical costs also have reached
historic highs. In 2015, the average cost for CDI
case management and CDI-attributable costs per
case were $42,316 and $21,448, respectively [15].
Hospital-onset CDl-attributable cost per case was
$34,157, which was approximately 1.5 times the cost
of community-onset CDI ($20,095). The average
length of stay for inpatient treatment was 11.1 days.
The total cost attributable to CDI in the United
States is estimated to be $6.3 billion each year. Total
annual CDI hospital management required nearly
2.4 million days of inpatient stay [15].

MORTALITY

Historically, the mortality associated with CDI has
been low. Death as a direct or indirect result of CDI
occurred in between 2% and 9% of cases [10; 13].
However, the mortality rate associated with CDI
varies according to the patient variables and disease.
While many patients with C. difficile-associated diar-
rhea recover without specific therapy, symptoms
may be prolonged and debilitating. Progression to
C. difficile colitis is a serious matter and carries a
mortality rate as high as 25% in elderly patients who
are frail [10]. Reports focusing on patients who are
more seriously ill indicate mortality rates of between
10% and 30%. As incidence rates have risen over
the past decade, so too have mortality rates, and
both reflect, in part, an increase in the virulence of
C. difficile strains. Several hypervirulent outbreaks
have been caused by the North American Pulsed
Field type 1 and polymerase chain reaction (PCR)
ribotype 027 (BI/NAP1/027) strain [5; 16]. This
virulent strain has been associated with increased
production of toxins A and B, fluoroquinolone
resistance, and the production of binary toxin. The
role of binary toxin is not clear, but it may synergisti-
cally increase the virulence of toxins A and B. The
virulent strain BI/NAP1/027 has been reported
in most states throughout the United States and in
several countries in Europe [16]. Preventive strate-
gies for BI/NAP1/027 are similar to those taken
for other strains, including barrier methods, use
of disposable equipment, handwashing (with soap
and water), environmental disinfection techniques,
and antimicrobial stewardship. Vaccines are under
development to target the toxins, and a novel drug
(SYN-004 [ribaxamase]) for preventing C. difficile is
under investigation [17].

PATHOGENESIS

C. difficile is an anaerobic, gram-positive, spore-
forming bacillus within the genus Clostridioides.
Also in this genus is C. mangenotii. C. mangenotii
has been found in human feces, marine sediment,

and soil [18].
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C. difficile was first described in 1935 as a component
of the fecal flora of healthy newborns and was ini-
tially not thought to be a pathogen. It was named C.
difficile (the Latin word for difficult) because it grows
slowly and is difficult to culture. While early investi-
gators noted that the bacterium produced a potent
toxin, the role of C. difficile in antibiotic-associated
diarrhea and pseudomembranous colitis was not

determined until the 1970s [18; 19].

In a given patient, the administration of broad-
spectrum antimicrobials causes, to some degree, an
alteration in the normal bacterial ecosystem of the
intestinal tract. Such an alteration facilitates acquisi-
tion (colonization) and adversely affects the natural
history of CDI. C. difficile spores tend to remain
dormant within the colon of a colonized patient
until disruption of the normal bacterial flora, as
with antibiotics, permits activation, proliferation,
and toxin production. When this occurs, the toxins
produced by C. difficile cause progressive inflamma-
tion and damage to the colonic mucosa (colitis). The
severity of the colitis is variable, determined in part
by the virulence of the infecting strain, the degree of
toxin production, and the duration of exposure. In
severe cases, there is extensive colonic inflammation
combined with patchy zones of mucosal erosion and
focal necrosis with admixed leukocytes and cellular
debris. On colonoscopy, this has the appearance of
white, membranous patches, hence the term “pseu-
domembranous colitis.”

Not everyone infected with C. difficile develops diar-
rhea or colitis. Many infants, young children, and
some adults become carriers of the pathogen yet have
no symptoms, even under circumstances of altered
intestinal flora. In these patients, C. difficile most
likely does not progress to colitis due to:

* Low levels of bacteria in the colon
maintained as non-active spores

* Acquired antibodies against low

levels of the C. difficile toxin

Prior to the mid-1970s, pseudomembranous colitis
was encountered frequently following a course of
certain antibiotics, especially clindamycin and linco-
mycin. After the first reports established C. difficile as
the cause of antibiotic-induced pseudomembranous
colitis in 1978, CDI emerged as the principal form
of the disease. The development of CDI typically
has two essential requirements: acquisition of a
toxin-producing strain by fecal-oral transmission
and exposure to antimicrobial agents that have a
significant impact on intestinal flora [9]. According
to one report, 96% of patients with symptomatic C.
difficile had received antimicrobials in the 14 days
before the onset of diarrhea and all had received
an antimicrobial within the previous three months
[20]. Upon exposure to antibiotic pressure, infected
patients develop symptoms of CDI usually within
days, with a median time of two to three days to
onset of symptoms [10].

C. DIFFICILE DISEASES

As noted, pseudomembranous colitis is an inflam-
matory condition that develops in response to toxins
produced by C. difficile organisms in the colon. This
process is triggered by certain antibiotics that alter
the normal intestinal flora in such a way as to permit
activation and proliferation of C. difficile. This, in
turn, leads to overproduction of toxin and injury to
the colonic mucosa. The resulting illness, ranging
from mild-to-moderate diarrhea to pseudomembra-
nous colitis, may lead to serious complications such
as toxic dilatation of the colon, perforation, sepsis,
and even death [21].

C. difficile-associated diarrhea may be accompanied
by the passage of mucus or occult blood in the
stool, but melena or hematochezia is rare. Fever,
cramping, abdominal discomfort, and a peripheral
leukocytosis are relatively common, but are found
in fewer than half the patients [10]. Extraintestinal
manifestations, such as arthritis and bacteremia,
occur but are very rare. C. difficile ileitis or pouchi-
tis may be seen, rarely, in patients who have had a
total colectomy for complicated CDI or some other
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indication [10]. Patients with severe disease have
the potential for developing colonic ileus or dilata-
tion (toxic megacolon). On occasion, the atypical
case presents with abdominal pain and distention
accompanied by leukocytosis but having minimal or
no diarrhea. Other features of CDI include volume
depletion and dehydration, electrolyte disturbances,
azotemia, and hypoalbuminemia—all markers of
severity. Serious complications include toxic mega-
colon, bowel perforation, hypotension, renal failure,
systemic inflammatory response syndrome, sepsis,

and/or death within 30 days of diagnosis [10; 22].

AT-RISK POPULATIONS

Three populations at highest risk of acquiring C.
difficile are the elderly, patients receiving antibiot-
ics, and those with long hospital stays. However,
other groups, including surgery patients and the
immunocompromised, are also at risk for CDL It is
important that steps be taken to prevent infection
in these patients, when possible.

OLDER ADULTS

Advanced age is considered a risk factor for CDI,
as evidence by the higher age adjusted incidence of
CDI [23]. Age older than 65 years is considered a
risk factor both for acquisition of C. difficile and for
the development of C. difficile-associated diarrhea
[23; 24]. This difference in prevalence is not attribut-
able to a greater exposure to antibiotics among older
adults. The Society for Healthcare Epidemiology of
America (SHEA) suggests that the greater morbidity
and mortality of CDI in elderly populations may
be due to age-related changes in fecal flora, immu-
nosenescence, or the presence of other underlying
diseases [23]. Frequent interactions with healthcare
systems also may place the older adults at greater risk
for CDI. Data from the EIP show that in 2010, expo-
sure to health care preceded 94% of CDI. Of those,
75% were inpatient exposures, with the remaining
25% associated with long-term care facilities and
outpatient care settings [25; 26].

PATIENTS TAKING ANTIBIOTICS

The most modifiable risk factor for the development
of CDl is exposure to antibiotic agents. The antibiot-
ics most frequently implicated in cases of CDI are
clindamycin, cephalosporins, fluoroquinolones, and
penicillins. However, virtually every antibiotic has
been associated with CDI through the years. Even
very limited exposure, such as single-dose surgical
antibiotic prophylaxis, increases a patient’s risk
of both C. difficile colonization and symptomatic

disease [10].
LONG HOSPITAL STAYS

Healthcare workers are the most common hand
carriers of C. difficile due to breaks in hand washing
technique, actively caring for infected patients, and
the existence of C. difficile spores on surfaces com-
monly touched by patients and workers alike. As
such, longer hospital or facility stays increase the
probability of contact. The risk of acquiring the
disease during an admission increases with time
and can be as high as 40% during longer hospital-
izations [10].

IMMUNOCOMPROMISED PATIENTS

A compromised immune system can allow C. difficile
to proliferate, and immunocompromised patients
are at an increased risk for CDI and poorer out-
comes. For example, cancer chemotherapy often
leads to immunosuppression, neutropenia, intercur-
rent infection, and prolonged hospital stays—all of
which are associated with increased risk for CDI.
Furthermore, evidence also suggests that C. difficile
has become the most important pathogen causing
bacterial diarrhea in patients with human immu-
nodeficiency virus (HIV) in the United States [27].
Immunosuppression, either as a result of chemother-
apy or disease process, can increase the probability
of developing CDI; this risk may be compounded
by concurrent use of antimicrobials or prolonged
hospitalization [10].
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GASTROINTESTINAL SURGERY

Another risk factor for C. difficile is gastrointestinal
surgery or manipulation of the gastrointestinal tract,
including tube feedings [10]. It has also been hypoth-
esized that the use of acid-suppressing medications,
such as histamine-2 receptor antagonists and proton
pump inhibitors (PPIs), may lead to CDI [28; 29;
30]. Although many studies suggest an association
between using these medications and the acquisition
of CDI, other well-controlled studies have suggested
that the association is the result of prolonged hospi-
tal stays, prolonged use of PPI therapy, and underly-
ing disease severity [10; 30]. Additionally, a system
review of observational studies suggests that patients
who receive acid-suppressing medications may be at
increased risk for recurrent CDI [31].

PEDIATRIC PATIENTS

CDI is much less common in children than in adults.
However, 2% to 70% of young children, depending
on age and other factors, may be asymptomatically
colonized with C. difficile, including toxigenic strains
[21; 32; 33]. Colonization rates decrease as infants
age, falling to about 6% by 2 years of age and down
to 2% by 3 years of age [21]. Although infants may
acquire colonization in the first week of life, no
studies have shown a consistent association between
mode of feeding (i.e., formula instead of breast milk)
as viable factors. Colonization of infants younger
than 1 year of age has failed to show an epidemio-
logic association with the development of disease.
At the same time, nosocomial transmission in the
neonatal intensive care unit (NICU) has been well
documented, as has C. difficile contamination of the
NICU environment [21]. In predominantly healthy
infants without significant healthcare exposure, C.
difficile colonization and acquisition reflect environ-
mental exposure, with pet dogs identified as a novel

risk factor [32].

One complication in the accurate diagnosis of CDI
in young children is the lack of specific tests for
this age group (such as the enzyme immunoassay
[EIA]). However, it is important to remember that
children who are colonized with C. difficile do rep-
resent a reservoir for disease transmission, even if
they are asymptomatic. This returns to the issue of
environmental cleaning, which has been recognized
as a key factor in transmission prevention for many
organisms [21; 34].

The epidemiology of CDI in children may be chang-
ing with the emergence of BI/NAP1/027. Because
this strain has been associated with severe disease
in both adult and pediatric patients without recent
exposure to healthcare facilities, testing for C. dif
ficile should be considered in children 1 to 2 years
of age with diarrhea and recent antibiotic exposure,
especially when more common causes have been
excluded. Children older than 2 years of age with
diarrhea and a history of recent antimicrobial use
may be tested with the same techniques used for
older children or adults. Because the disease has
been confirmed in asymptomatic children without
recent antibiotic exposure, testing for C. difficile may
be considered for these patients, but other diagnoses
are more likely [21].

POPULATIONS
PREVIOUSLY AT LOW RISK

It is vital to remain vigilant regarding CDI even
among populations previously believed to be at low
risk for the disease, as virulence and infection pat-
terns are changing [35]. Statistics indicate that CDI
is occurring among healthy peripartum women,
who have been previously at very low risk for the
disease [33; 36]. The frequency of the disease also
seems to be increasing among persons living in the
community, including, but not limited to, healthy
persons with no recent healthcare contact. But,
there are limited historical data against which to
compare these statistics [10].
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TRANSMISSION

The cycle of transmission for C. difficile consists of
the following steps:

* Spore ingestion

e Germination

e Colonization in the bowel

* Asymptomatic carriage

* Flora disruption

e Diarrhea

e Hand and environmental contamination
* Spore ingestion

This cycle can be broken with antibiotic stewardship,
hand hygiene, and environmental decontamination.

PERSON TO PERSON

The primary mode of C. difficile transmission is
person-to-person spread through the fecal-oral route,
principally within healthcare facilities [10]. Asymp-
tomatic patients (carriers) colonized with C. difficile
may be shedding spores, a source of environmental
contamination that facilitates transmission of infec-
tion to more vulnerable patients within the facility.
Person-to-person contact permits C. difficile spores
to pass readily from carriers and their bedding to
the hands and clothing of healthcare workers. The
hands of healthcare workers, transiently contami-
nated with C. difficile spores, are probably the main
means by which the organism is spread during
non-outbreak periods [10]. Studies have found a
prevalence of asymptomatic colonization with C.
difficile of 7% to 26% in acute care facilities and 5%
to 7% in long-term care facilities, although other
studies indicate the prevalence of asymptomatic
colonization may be closer to 20% to 50% in facili-
ties where CDI is endemic [37]. In a prospective,
blinded cohort study in two university hospitals,
the rate of hospital-acquired CDI among patients
admitted to the same ward as an asymptomatic car-
rier was 4.6%, compared with 2.6% among patients
residing in a ward having no asymptomatic carrier
[38]. The risk of acquiring CDI correlated with the

amount of exposure and length of stay.

As discussed, the longer a person remains hospital-
ized, the greater the exposure risk, which indicates a
cumulative daily risk of exposure to C. difficile spores
in the healthcare setting. In most cases, the period
between exposure to C. difficile and the development
of infection has been estimated to be a median of
two to three days [10]. CDI resulting from exposure
to C. difficile in a healthcare facility can also have
onset after discharge [10].

ENVIRONMENTAL CONTAMINATION

Environmental contamination also has an impor-
tant role in transmission of C. difficile in healthcare
settings. Aside from transmission on healthcare
professionals’ hands and clothing, there have also
been outbreaks traced back to electronic rectal
thermometers, inadequately cleaned commodes,
and bedpans shared between patients [10]. Environ-
mental samples of C. difficile also have been obtained
from homes, parks, chain stores, fast food restau-
rants, and other commercial sites [39; 40; 41; 42].

The environment must be accepted as a critical
source of contamination as it plays an important
role in supporting the spread of infection. Because
C. diffcile is shed in feces, any surface, item, or medi-
cal device that becomes contaminated with feces is
a potential source for the spores and can become
involved in infection transmission. C. difficile spores
can exist for five months on hard surfaces without
adequate cleaning. In one study, spores were found
in 49% of rooms occupied by patients with CDI
and in 29% of the rooms with asymptomatic car-
riers [21].

The heaviest contamination is present on floors,
in bathrooms, and on any surfaces commonly
touched by hands, such as light switches, bed rails,
and tabletops. Other potential contamination sites

include thermometers, blood pressure cuffs, and
call buttons [21].
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FOOD CONTAMINATION

One study noted that in samples of cooked and
uncooked meat products, 42% contained toxigenic
C. difficile strains. These findings indicate that food
