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Abstract
Clostridium difficile (CD) is a major cause of morbidity
and mortality in hospitalized patients. Over the last
decade, researchers have begun to reassess the
traditional infection prevention model for this infection.
Data suggesting a greater role for asymptomatic shedders
has increased our understanding of current vertical
prevention techniques and is forcing researchers to look
more at new processes and technologies to decrease
disease incidence. This review addresses current
controversies in infection prevention for CD such as
contact precautions, hand hygiene, environmental
disinfection and diagnostic testing. The review also
summarizes recent literature on promising new
techniques like CD screening of asymptomatic carriers,
supplemental environmental cleaning technologies,
vaccines and the manipulation of the intestinal
microbiome.
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Introduction
Clostridium difficile (CD) is an anaerobic, spore-forming
gram-negative bacillus that is ingested and causes a spectrum
of diarrheal infections, most commonly in patients with
perturbed intestinal microbiomes after antibiotic exposure.
Clostridium difficile infections (CDI) are important causes of
morbidity and mortality. A study of 10 geographical areas
estimated the overall burden of CDIs in the United States as
more than 80,000 cases and 29,000 associated deaths in the
year 2011 alone [1]. Unfortunately, the high estimates in 2011
are the result of a steady increase in the incidence of CDI over
the last two decades. From 2000 to 2010, mortality rates due
to CDI roughly doubled in the adult and elderly populations in
hospitals in the United States [2,3]. The emergence of a new,
possibly more virulent strain of CD, the B1/NAP1/027 strain,

may explain some of the increasing severity of CDI, though this
association is still somewhat controversial [4-6]. Nevertheless,
increasing CDI rates over the last decade are especially
troubling when you consider the concerted effort and
resources that public health providers and hospitals have
already expended to prevent these infections [7-10].
In this review, authors searched the English language
literature, emphasizing publications since 2012, aiming to
outline some of the current controversies surrounding the
prevention of CDI in the healthcare setting.

Current Controversies
Asymptomatic CD carriage and its impact on
contact precautions
Traditional CDI prevention strategies have largely centered
on the use of vertical infection control interventions, including
identification of symptomatic CDI, prompt initiation of contact
precautions, hand hygiene, and sporicidal environmental
disinfectants. These interventions are outlined in national
guidelines and widely employed by hospitals [8-10]. This
approach is based largely on the assumption that most
nosocomial transmission is due to shedding by symptomatic
patients in healthcare facilities [11]. In this model,
symptomatic patients with CDI shed large quantities of spores
and vegetative bacteria into the environment. Interestingly,
recent literature suggests that asymptomatic CD carriers may
play a larger role than previously appreciated in the
transmission of endemic CDI.
Recent research demonstrates that asymptomatic carriers
play a significant role in CD transmission within healthcare
facilities [12]. A review by Donskey, et al. [13] cited the rate of
asymptomatic CD carriage in healthcare facilities between 7
and 18% in acute care hospitals and even higher rates in longterm care facilities. The main risk factors across studies
included patients with longer hospital stays (especially over 4
weeks), chemotherapy and stomach acid suppressing
medications.
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Though many hospitals discontinue contact precautions for
patients with CDI shortly after diarrhea resolves, there is
evidence that shedding persists for weeks and may be a source
of transmission both in hospitals and long-term care facilities
[14-16]. Additionally, asymptomatic carriage in the community
is increasingly being noted as a potential cause of pre-hospital
transmission and may fuel hospital-onset CDI [17,18]. Studies
using molecular typing to measure the relatedness of CD
strains to each other found that between 55% and 83% of
endemic CD strains causing CDI in the healthcare setting could
not be directly linked to other symptomatic patients in
healthcare facilities [18-20]. This suggests that either
acquisition of CD prior to hospital admission or that hospital
transmission from asymptomatic shedders may be responsible
for a majority of healthcare-acquired CDI cases. While each of
these studies had methodological drawbacks, these studies
nevertheless demonstrate that current prevention efforts
focused only on CD transmission from symptomatic patients is
unlikely to prevent CDI in a significant segment of patients.
While multiple studies have demonstrated benefits of
contact precautions and enhanced environmental cleaning in
the outbreak setting [21-23], these measures seem to have a
lower efficacy in curbing endemic CDI. Newer mathematical
models [24,25] and early clinical studies suggest that
intensification of contact precautions through identification
and isolation of asymptomatic carriers may be beneficial to
decreasing hospital-onset CDI. In the quasi-experimental study
by Longtin et al. patients were screened for CD carriage on
admission using rectal swabs and PCR [26]. The screening test
was positive in about 5% of asymptomatic patients, who were
then placed in contact precautions for the duration of their
hospital stay. Compared to the pre-intervention period, the
expected number of cases decreased by 63% over the study
period, though the benefit was greater over time. While this
data suggests a role for screening and isolation, better quality
studies are needed, since the cost of the intervention is likely
to be high, both financially and in the disruption to clinical
practice.

Soap and water versus alcohol based hand rubs
for hand hygiene
Researchers have known that contaminated healthcare
workers are potent vectors for transmission of CD spores, but
there is still no evidence-based consensus on the best mode of
hand hygiene to decrease this risk. Currently, the WHO
recommends the use of hand hygiene with soap and water, in
addition to gown and glove use, given the concern that alcohol
based hand rubs do not kill CD spores [27]. While this has
become common practice, the Society for Healthcare
Epidemiology of America (SHEA) and the CDC currently only
recommend the use of soap and water for hand hygiene in CDI
outbreak settings and recommend routine use of alcoholbased hand rubs during routine patient care.8 According to the
2017 guidelines, even though alcohol-based hand rubs are
unable to inactivate CD spores, no clinical study has
demonstrated superiority of CDI prevention with preferential
use of soap and water [10].
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Multiple studies have shown that alcohol-based hand rubs
are not effective in removing CD spores from healthcare
worker hands. Oughton et al. compared the effectiveness of
multiple hand hygiene modalities for CD using healthy
volunteers and nontoxigenic CD [28]. The most effective
modalities were plain soap and warm water, and alcohol hand
rubs were equivalent to no intervention. Jabbar et al. also
found that soap and water was significantly more effective in
removing nontoxigenic CD from the hands of healthy
volunteers [29]. The study went further to show that
volunteers using alcohol transferred CD spores to others 30%
of the time via handshakes. Kundrapu et al. 2014 also
demonstrated lack of efficacy for alcohol-based hand rubs for
CD when they evaluated patient hand hygiene [30]. Though
experimental data suggests the increased efficacy of soap and
water, no large clinical studies have demonstrated significant
rate changes between the approaches [31]. Further clinical
data are necessary on the overall impact of soap and waters
versus alcohol-based hand rubs in non-outbreak settings.
Nevertheless, most hospitals have elected to use soap and
water for CDI cases.
To improve efficacy of traditional hand hygiene methods,
researchers are evaluating new processes and products to
improve CD removal. A novel hand wash, including oil-based
products and sand seemed to perform better than traditional
soap and water--likely due to increasing the sheer forces on CD
spores through friction [32]. Other promising strategies to
enhance sporicidal killing of CD is to supplement alcohol rubs
with peracetic acid [33]. However, it is unclear if this product is
safe for long-term repeat use or whether it could lead to skin
breakdown. Simple measures like optimizing hospital layout
and placement of sinks for ease of use may also improve hand
hygiene [34]. Further research is needed to develop hand
hygiene strategies that are not only effective but also easy to
integrate into routine patient care.

Environmental cleaning with bleach versus
standard cleaners
SHEA has highlighted the need for adequate room cleaning
and disinfection as a means of controlling the spread of CD in
acute care hospitals [8,10]. CD poses a challenge in the
hospital environment because it forms spores that can last for
several months and are difficult to kill with standard
disinfectants [35]. Based on SHEA/IDSA guidelines, acute care
hospitals should use EPA-approved sporicidal disinfectants, “if
necessary,” to control CDI.8,10 Many hospitals have started
cleaning protocols with bleach, given its sporicidal properties,
as either daily cleaning or terminal cleaning for patients with
CDI [36].
Multiple studies have shown that switching to bleach
disinfection protocols decrease CDI incidence. Kaatz et al.
found that surface contamination with CD decreased and an
institutional outbreak resolved after instituting a disinfection
protocol with bleach [37]. Hacek et al. found a 48% reduction
in the prevalence density of CD after switching from a
quaternary ammonia compound to bleach for terminal
cleaning [23]. The study by Mayfield et al. however, found
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conflicting results [38]. In their bone marrow transplant unit,
their CDI rate decreased from 8.6 to 3.3 cases per 1000
patient-days after switching from quaternary ammonia
compound to bleach for routine cleaning in the patients rooms
with CDI. The cleaning protocol was similarly switched to
bleach in 2 other units with lower baseline rates of CDI, but
there was no improvement in CDI rates after the change.
While data on cleaning with hypochlorite to control outbreaks
and in hyper-endemic settings is encouraging, it is unclear if
routine cleaning is beneficial given limited data supporting use
in facilities with low baseline rates.
Although use of bleach for daily or terminal disinfection in
patients with CDI is commonly followed in hospitals, there are
additional concerns given potential toxicity to the staff,
patients, and the environment. Bleach can be corrosive and
damage patient care materials and equipment [8,10] and is
associated with increased bronchospasm and asthma [39,40].
While new bleach products may mitigate some of the negative
effects, benefits need to be balanced against potential harm to
equipment and personnel.

Enhanced disinfection strategies
In an effort to enhance environmental disinfection strategies
against CD, multiple hospitals are utilizing “no-touch
disinfection technologies,” including ultraviolet light (UV) and
hydrogen peroxide vapor [41]. These enhanced disinfection
methods are meant to be adjuncts to standard cleaning and
disinfection with an approved disinfectant.
Multiple studies have been published recently examining
the impact of ultraviolet light technologies using either pulsed
xenon ultra violet light (PX-UV) and UV-C radiation. Anderson
et al. published a 28-month duration cluster randomized,
multicenter, cross-over study comparing 4 terminal
disinfection interventions: control, bleach, UV-C, and bleach
plus UV-C [42]. The primary outcome was the incidence of
patient acquisition of a target organism after staying in a room
previously occupied by a patient with that organism. They
found that adding UV-C to bleach did not significantly decrease
the incidence of CDI in exposed patients. There have been
multiple pre-post studies that have also examined the impact
of UV light disinfection, and these studies have found
decreased or a trend towards decreased CDI rates in various
hospital settings and long term acute care facilities [43-49].
Given the mixed results, Marra et al. published a meta-analysis
of pooled data from multiple trials and pre-post studies that
demonstrated a significant reduction in healthcare associated
CDI rates [43]. Efficacy appears to be greatest in facilities with
higher baseline rates of CD, but similarly effective in both
academic and community hospital settings. While this data is
encouraging, hospitals should consider the significant initial
acquisition costs and the need for added labor to operate the
machines efficiently prior to implementation. We have used
UV light disinfection at UCLA since 2013. Though we believe
this technology has theoretical benefits, it has proven
logistically challenging. To realistically use this technology to its
fullest potential, clinical areas probably should have dedicated
UV units and staff to run them at maximum capacity.
© Copyright iMedPub

Hydrogen peroxide vapor is another potential adjunctive
technology. The vapor is sporicidal, inactivates a range of
hospital-acquired pathogens, and can disinfect locations within
the room that may be hard to manually clean or reach with
line of site UV. Passaretti et al. performed a prospective cohort
study comparing 3 wards using standard cleaning with
hydrogen peroxide vapor to 3 wards with standard cleaning.
The study found a reduction in a composite endpoint of
multidrug resistant organisms acquired by the next patient in
the room [50]. The outcome was largely driven by acquisition
of vancomycin-resistant Enterococcus, and the study found a
non-significant trend toward decrease in CD in the vapor arm.
Other quasi-experimental studies have found improvements in
or trends toward improvement in hospital onset CDI using
vapor [51-54]. The previously mentioned meta-analysis by
Marra et al. of pooled data from the prospective cohort and
multiple pre-post studies that demonstrated a non-significant
reduction in CDI rates [41]. While early data is encouraging,
further prospective controlled trials are necessary to
determine if hydrogen peroxide vapor is beneficial in reducing
hospital onset CDI given the high cost of implementation.

Testing Methodology
Diagnosis of CDI requires clinical suspicion--typically
diarrhea--combined with supportive diagnostic testing. Given
the variability in sensitivity and specificity among available
testing methods, the optimal choice of diagnostic test or
combination of tests remains a matter of debate [10,55,56].
Two gold standard reference methods exist for diagnosis
of CDI, although neither is widely used in clinical practice due
to impracticality. The first, the cell cytotoxicity assay, relies on
detection of cytopathic effects in cell culture after 24-48 hours
observation when stool filtrate is cultured in the presence or
absence of antitoxin antibodies. The second method,
cytotoxigenic culture, employs anaerobic culturing of the
bacteria and monitoring for production of toxin, which may
take up to 5 days. The cell cytotoxicity assay detects 15-40%
fewer cases than cytotoxigenic culture [57]. A prospective
study of 6522 inpatient episodes found that toxin positivity
(positive cytotoxicity assay) correlated with clinical outcomes,
whereas detection of toxigenic CD alone did not, suggesting
that this reference method may better define true cases of CDI
[58].
Many commercial tests exist for diagnosis of CDI with
sensitivity and specificity dependent on both the type of test
and the reference method used for comparison. Available tests
fall into three main targets: toxin immunoassays (EIA),
glutamate dehydrogenase (GDH), and nucleic acid
amplification tests (NAATs) [55,57]. From these tests, there are
three possible diagnoses: CD colonization, CDI, and CD
negative. The choice of test by a hospital or laboratory
depends on available resources, cost, volume, and population
served [59]. Laboratory rejection of formed stool helps reduce
detection of asymptomatic carriers [55].
Toxin immunoassays (EIA) lack sensitivity (29-86%), raising
concerns about false negative results [55,56] though the
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specificity of these tests is up to 99%. Test performance varies
widely depending on the manufacturer and the reference
method used (i.e. the sensitivity will be lower when compared
to cytotoxigenic culture) [57]. The performance of the toxin
EIA does not appear to correlate with disease severity [60].
GDH is a highly conserved metabolic enzyme in CD [61].
Assays for this enzyme using EIA methodology are relatively
inexpensive, easy to run, and have high sensitivity
(approximately 94.5%), but low specificity (approximately
94.5%) when compared to cytotoxigenic culture [10,57]. Since
they detect the presence of all CD strains and not just the
toxigenic ones, GDH tests are recommended only as screening
tests in combination with other assays, such as toxin EIA
[10,56,57].
Most NAATs detect highly conserved regions within the
gene encoding toxin B production (tcdB), although assays for
other targets have also been developed including for tcdA,
tcdC (a negative regulator of toxin A/B production), and cdt
(binary toxin gene) [56,62]. In their review, Crobach et al.
report pooled sensitivity of 96% and specificity of 94%
compared to the cell cytotoxicity assay; 95% sensitivity and
98% specificity compared to toxigenic culture [56]. The high
sensitivity of NAATs raises concerns about false positive results
in asymptomatic carriers without CDI. A prospective study by
Polage et al. demonstrated that virtually all complications and
deaths from CDI occurred in patients with positive toxin
immunoassays but not in those who were NAAT positive and
toxin negative, arguing that relying exclusively on NAATs may
result in over diagnosis and treatment [63].
Given the relatively low sensitivity of some toxin EIA
products combined with the over-detection of asymptomatic
carriers by the highly sensitive NAATs (and GDH), some experts
recommend combining tests into 2 or 3 step algorithms to
improve both negative and positive predictive values
[56,57,62]. Within these algorithms, step 1 is to test with a
highly sensitive GDH EIA or NAAT. Step 2 is to test with a highly
specific Toxin A/B EIA. Step 3 is an optional toxigenic culture or
NAAT if clinical suspicion remains despite a negative Toxin EIA.
Alternatively, simultaneous use of GDH and Toxin A/B EIA may
be used [56].
Because hospitals in many states that publicly report CDI are
incentivized to decrease their hospital-acquired rates, there
has been an increasing move away from NAAT testing alone
and toward multi-step algorithms. The most recent CDC
guidance for reporting recommended that hospitals be
stratified by test type. With this shift away from NAAT, there is
a concern that the low sensitivity of EIA may lead to falsenegative tests that could increase the risk of poor outcome for
patients due to delayed treatment and could increase the level
of environmental contamination by CD spores through lack of
contact precautions or specific cleaning for CDI cases.
Conversely, reliance on NAAT could increase the rate of
detection of asymptomatic CD carriers and lead to overdiagnosis and over-treatment, though asymptomatic patients
may be excluded using computer algorithms to reject
specimens of patients on laxatives or who have solid stool. For
institutions looking to revise their CD diagnosis strategy, they
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must decide philosophically which misclassification they can
tolerate and implement strategies to mitigate the potential
negative impacts.

Future Area
CD vaccine
The scientific basis for developing a vaccine for the
prevention of CDI is predicated on serologic studies
demonstrating higher anti-toxin antibodies in CD carriers
compared to patients who develop CDI. However, a recent
review shows that the most well studied antibodies against CD,
immonoglobulins tcdA and tcdB, may not tell the whole story
as there are multiple studies with discrepant results [64].
Nevertheless, researchers and pharmaceutical companies have
pressed forward with the development of both passive
immunotherapies such as bezlotoxumab (Zinplava, Merck
Sharp Dohme) and vaccines that target CD toxins. Randomized,
placebo controlled studies found that bezlotoxumab decreased
CDI recurrence by 40%, though the absolute decrease in
recurrence rate was about 10% in both studies [65]. Based
upon these studies, the FDA approved the use of injectable
bezlotoxumab for patients with CDI recurrence, but not for
primary prevention of CDI. CD vaccines now in development
for primary prevention also focus on antibodies to tcdA and
tcdB. In phase 2 studies, at least 2 vaccines elicited adequate
neutralizing antibody levels in patients [66,67]. Phase 3 trials
are now ongoing to determine how effective the vaccines will
be for primary prevention. Additional studies are investigating
other potential vaccine target proteins, but are still in early
stage development [64].
Although development of a vaccine for CD primary
prevention is exciting, there are some potential limitations and
concerns. Unfortunately, the group most likely to benefit from
the prevention of CDI, immunocompromised patients (such as
patients on hemodialysis or with metastatic malignancies), are
excluded from the clinical trials, and there is reason to believe
that these groups may not be able to generate protective
antibody levels to prevent disease. Additionally, it is not yet
clear whether the current vaccines targeting tcdA and tcdB will
be as effective as vaccines against other CD components. A
more theoretical concern is that vaccinated patients may be
less likely to develop CDI, but could be more likely to be
colonized with CD and therefore to shed CD into the
environment [68].

Intestinal microflora manipulation to prevent
CDI
Because perturbation of the intestinal microflora
contributes so heavily to development of CDI, researchers have
looked to manipulate intestinal microflora for primary
prevention of CDI. Infecting patients with non-toxigenic strains
of CD, probiotics and fecal microbiota transplants are potential
tools for prevention of CDI in the future, though research is
still in early stages.
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In a murine model, one study arm was pre-treated with
multiple antibiotics and then given 107 dose of non-toxigenic
strain of CD, CD37, twice daily for 2 days. The animals were
then exposed to a 106 dose of toxigenic CD (B1/NAP1/027).
The experimental group was compared to a control arm not
pre-treated exposed to CD37. 30% of the animals in the
experimental group developed diarrhea compared to 100% of
the controls. 80% of the experimental animals survived in the
experimental group compared to 20% of the controls [69].
Similar studies performed in hamsters have also demonstrated
protection against diarrhea and mortality from the NAP1 strain
of CD [70,71]. A human trial demonstrated that infection with
non-toxigenic CD strains is feasible and well tolerated, but
additional human prevention trials are yet to be published
[72]. We believe this approach could be extremely powerful on
an institutional level, because non-toxigenic strains could
replace pathogenic organisms in the patient population and in
the environment, decreasing the major drivers of CDI.

Although only tested in animal models to prevent relapse of
CDI, [77] bacteriophage therapy holds promise as a potential
tool for CDI prevention in the future. Bacteriophage therapy
could be a potent tool in the future against CD and other drug
resistant organisms and is an area currently being hotly
researched, though no products are currently in human
testing.

Probiotics, largely Lactobacillus sp., have been studied for
more than a decade for primary and secondary prevention of
CDI. A Cochrane review published in 2017 identified 31
randomized controlled trials that met inclusion criteria [73].
The review concluded that there was moderate quality
evidence suggesting probiotics are both safe and effective for
preventing CDI. The pooled results of the studies
demonstrated a 60% reduction in CDI incidence in patients
taking probiotics, though the review authors suggest that the
results may be skewed toward benefit. Another review of
meta-analyses found that despite the heterogeneity of
included studies in terms of study design and probiotic
formulation, all showed decreased incidence of CDI when used
for primary prevention [74]. In our institution, we have used
Lactobacillus probiotics for more than 5 years in some
populations, and have found them to be safe, though CD rates
have not decreased in these populations significantly.

Conclusion

Fecal microbiota transplants have been studied widely and
demonstrate benefit for the prevention of CDI recurrence, but
there is currently no data for primary prevention of CDI. Some
additional studies have looked at donor-derived fecal
organisms, short of full transplants and non-microbiotia stool,
but these studies have thus far looked primarily at secondary
prevention [75,76]. Another study tested the efficacy of a
sterile fecal filtrate transfer and demonstrated resolution of
CDI symptoms in a small group suggesting that non-microbiota
stool transfer may be effective in prevention CDI recurrence.
While researchers have yet to test these measures in primary
prevention, they may prove to be efficacious in high-risk
patient populations. Newer oral delivery of these products
may make them more attractive for primary prevention,
though the FDA has tightly regulated them in the past making
cost and availability a limiting factor.

Chemoprophylaxis in high risk patients
Limited prospective data exist regarding chemoprophylaxis
of high-risk patients though current guidelines do not
recommend this approach based on lack of evidence [10]
Although there are no compelling data to support
antimicrobial primary prophylaxis, secondary prophylaxis with
oral vancomycin and probiotics are increasing. The high cost of
currently available drugs, such as fidaxomycin and oral
vancomycin render this approach currently uneconomical.

The importance of CDI has grown over the last decade
despite significant efforts by both public health and the
healthcare industry to curb its spread. As we learn more about
the complexity of CD transmission and the role of
asymptomatic carriers and persistent environmental
contamination, the older prevention paradigms are likely to
change. While many of the future prevention interventions,
such as therapeutic manipulation of the intestinal microbiome
are still in early stages of research, some new, though
controversial technologies for environmental disinfection are
available now, though require additional research to optimize
their use. Additionally, the first generation CD vaccines are in
phase 3 trials and may be available for use soon. The ultimate
hope is that with our growing knowledge of CD and the
increasing availability of new technology to curb the spread of
CD and prevent illness will protect patients from the
frustrating and serious problem of CDI.
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