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Opinion Statement

Prevention of Clostridium difficile infection (CDI) is a complex task; adequate and
sustained success is difficult to obtain. Focus on prevention has to start by analyzing
the targeted patient population; the most important risk factors for development of CDI
are previous exposure to antibiotics, hospitalization and advanced age. Thus, limiting
antibiotic exposure and over exposure with an antibiotic stewardship program that
employs combined strategies reducing the number of doses and spectrum is essential.
Reducing hospital exposure by ambulatory care and short-stay procedures aids in this task,
but, when hospitalized, patients rely solely on healthcare personnel commitment to hand
hygiene to reduce transport of spores, and on environmental staff for providing a safe
environment by proper decontamination of hospital surfaces and equipment. Age as a risk
factor is not modifiable, but what is modifiable is the environment where elderly patients
are cared for, in which individual rooms and proper disposal of bed pans, diapers and toilet
disinfection are fundamental. Using contact precautions limits dissemination of potential
infecting spores by reducing carriage to uninfected patients on hands and clothes of
healthcare personnel. Probiotics studies are continuously providing more robust informa-
tion on their role in primary and secondary prevention and are now more frequently used in
hospitals. Vaccination will play a strong role in the near future by targeting key patients
who are likely to be continuously exposed to a healthcare environment. A summarized
message and approach of this text is shown in Table 1.
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Introduction

Clostridium difficile infection is currently the most fre-
quent hospital-acquired infection worldwide [1ee]. The
burden of the disease is estimated to be more than
400,000 healthcare-related cases and up to [2]
community-acquired events. The spectrum of the dis-
ease is variable, ranging from mild diarrhea to toxic
megacolon and death. Over the past 15 years, cases of
CDI have been characterized for a more aggressive
course and higher mortality primarily associated with
the appearance of hypervirulent strains, mainly
NAP1/027, which are characterized by the production
of high quantities of toxins A and B [3]. Multiple risk
factors for the development of CDI have been described,
although the three most important ones are hospitaliza-
tion, prior antibiotic use and advanced age. Antibiotics
generate dysbiosis in the colon which favors C. difficile
survival and pathogenesis. Advanced age has been
linked to a more severe course and higher risk of death
and hospitalization, favoring colonization that can be as
high as 40%. The first step in the treatment of CDI is
discontinuing any unnecessary antibiotics or reducing
the spectrum, and starting targeted antibiotic treatment

Hand hygiene

with metronidazole, vancomycin and fidaxomicin, al-
though recurrences are reported to be as high as 20%
[4e]. Patients with CDI produce spores before symp-
toms appear, and for weeks after treatment with ade-
quate clinical response, so they are a continuous source
of potential environmental contamination. Clostridium
difficile differs from other nosocomial pathogens by pro-
ducing spores that are highly resistant to temperature,
humidity and common disinfectants. These characteris-
tic makes eradication of C. difficile from hospital and
long-term care facilities (LTCF) environments cumber-
some [5¢¢]. Hand hygiene with soap and water is pre-
ferred to alcohol-based disinfectant since alcohol favors
sporulation. Chlorine and peroxide are to date the only
environmental disinfectants with substantial evidence
of their sporicidal activity; thus, they are recommended
for hospital use and outbreak scenarios. Other methods
of disinfection such as UV light are used in some areas.
The objective of this review is to synthesize the informa-
tion regarding key interventions for the control and
possible eradication of C. difficile from healthcare
environments.

The cornerstone for infection control in healthcare environments has been
hand hygiene, although compliance with proper hand hygiene is frequently
difficult to accomplish since many factors influence adherence [6, 7, 8ee].
Healthcare workers’ (HCW) hands are the most important vehicle for a micro-
organism to spread among patients. Clostridium difficile spores have been found
not to be restricted to the patient but to also be found in high-touch surface
areas surrounding the patient and medical equipment [9-12]. Therefore it is not
necessary for the HCW to have direct contact with the infected patients in order
to acquire spores. Contamination of clothing and hands can be found in over
50% of HCW while attending patients with CDI, even after symptom resolution

[13, 14ee].

Over the years, hand hygiene has shifted towards a more frequent use of
alcohol-based solutions (ABS) that are more practical and less time consuming,
and their use has been associated with a reduction of infections caused by
Gram-positive cocci; Hospital infection rates of methicillin-resistant Staphylo-
coccus aureus (MRSA) were significantly lower when ABS had a higher volume of
use [15]. In addition, when a switch from soap and water to ABS was done [16],
a noticeable decrease in MRSA and vancomycin-resistant enteroccoci (VRE) was
noticed, but none of the former studies showed reduction in CDI rates with this
association. Conversely, ethanol is used for enhancement of cultures for C
difficile [17], and spores from C. difficile are unyielding to ABS. Thus, the
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Table 1. Pearls in infection control for Clostridium difficile in healthcare settings

Hand hygiene

Antibiotic stewardship

Environmental cleaning and
spore reduction

Contact precautions

Probiotics as primary
prevention

Patient placement,
transferring and transition

Identifying asymptomatic
carriers and treatment

Vaccines

Message
Approach
Message

Approach

Message

Approach

Message
Approach

Message

Approach

Message

Approach

Message

Approach

Message
Approach

e Healthcare workers’ hands are the most effective way to spread C. difficile
® Hands can be colonized during direct or indirect patient care

e Adequate hand hygiene is a key factor for control; soap and water is more
effective than alcohol-based solutions for removal of spores

e Exposure to antibiotics is one of the most strongly associated risk factors for
(DI

e Reducing exposure to fluoroquinolones and clindamycin has aided in outbreak
control in hospital settings

® Reducing community exposure to antibiotics decreases the rate of CDI within

the hospital and the community

© Having an effective ASP is fundamental for CDI control

e Spores are not restricted to patients, but are to be found in their surrounding
environment

® Spores are not susceptible to commonly used hospital disinfectants (phenolics

and quaternary ammonium)

¢ Adequate disinfection with hypochlorites (bleach)

and/or peroxide

e Proper training for environmental workers and cleaning personnel

e Patients and rooms must be effectively cleaned and disinfected before receiving
the next patient

e Healthcare workers” hands are the main route for spore dissemination

e Isolation including medical equipment and device decontamination

e Adequate donning, availability and reminders of gowns and gloves for proper
use upon room entry and removal before exiting the room

e Extended contact precaution procedures in acute care settings

¢ Microbiome homeostasis in the gut is essential in avoiding C. difficile
proliferation and aids in prevention

e Administration of a combination of lactobacilli or other probiotics to patients
receiving antibiotics

e Potential for a hospital-wide approach for all patients receiving antibiotics

e Increased risk for CDI has been shown for patients admitted to a room
previously occupied by a patient with C. difficile

e Transitions and transferring of patients are events that can lead to spore

dissemination

® Placement preferably in a single bedroom; cohorting of CDI patients is useful
in outbreak settings

e Adequate communication during transition and transfers reduces the risk of

transmission.

e Tdentification and isolation of carriers reduce further transmission

e Treatment has led to transient clearance of C. difficile. Isolation and contact
precautions are warranted

e Effective vaccination against CDI is imperative in high-risk groups

® Preliminary reports from ongoing vaccine trials are promising; availability
estimated 2017-2018
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question remains: are these ABS associated with spore survival and subse-
quently with the increase in CDI cases? To date, there have been no clinical trials
providing robust evidence that this asseveration is true [18]. Although soap
and water use compared to ABS has repeatedly demonstrated to be more
effective for spore removal in healthcare personnel [19, 20, 21ee, 22],
no increase in transmission from HCW to patients has been document-
ed. Other antiseptics such as chlorhexidine have not shown advantages
over soap for spore removal [23].

Antibiotic stewardship

A cornerstone for controlling healthcare-related infections is the adequate
prescription of antibiotics during patient care. Previous receipt of antibiotics is
the main risk factor for developing CDI and, although fluoroquinolones and
clindamycin have been predominantly linked to many outbreaks, virtually
every antibiotic has been associated with CDI. Furthermore, approximately half
of the patients with CDI received inappropriate antimicrobial therapy [24].

Restrictive strategies for antibiotics have been shown to have an association
with the depletion of C. difficile burden in hospitals, showing a reduction in the
CDI rate by up to 77% [25]. Fluoroquinolones restriction was associated with
control of ribotype 027 strains in a multihospital outbreak [26]. Restriction of
clindamycin has been shown to reduce rates of CDI in multiple hospital
scenarios including medical wards, and has aided in the control of an outbreak
in an orthopedic ward [27, 28]. Time series analysis showed that targeting
reduction of four crucial antibiotics (clindamycin, ciprofloxacin, amoxacillin-
clavulanate and cephalosporins) in large community hospitals was associated
with a 68% reduction in hospital-acquired CDI and up to a 45% reduction in
community-acquired CDI [29].

A meta-analysis reported the outcomes of several antibiotic stewardship
programs (ASPs) that restricted exposure to certain high-risk antibiotics as a
method for CDI prevention among hospitalized adult patients. The risk reduc-
tion in the rate of CDI was 52% (pooled risk ratio 0.48; 95% CI: 0.38-0.62),
with the most significant protective effect for the acute geriatric wards and hip
fracture surgery patients (56% reduction; pooled risk ratio 0.44; 95% CI: 0.35-
0.56). Of note, when antimicrobial restrictive policies were compared to per-
suasive policies, only restrictive policies had a significant protective effect
(pooled risk ratio 0.46; 95% CI: 0.38-0.56) [30ee].

Antibiotic restrictive and non-restrictive approaches are not mutually exclu-
sive, and on the majority of occasions these are combined. Prospective audit
and feedback strategies are focused primarily on education providing sustained
and prolonged results, and even when restrictive approaches are more useful in
outbreak settings, both strategies are useful for CDI prevention [31].

Despite these encouraging results, only 52% of 398 surveyed hospitals in the
U.S. reported regularly using their ASP to combat Clostridium difficile-associated
disease [32].

Environmental cleaning and spore reduction

Spores of C. difficile have been found not to be restricted to the patient but have
been isolated from the patient’s environment such as bed clothes and rails,
toilets and nearby communal surfaces and nursing stations [33, 34].
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Environmental contamination is a key factor for the transmission of
C. difficile spores in healthcare settings. High levels of environmental contam-
ination have been associated with CDI acquisition [35]. Adequate disinfection
has been shown to decrease rates of C difficile infection, especially in wards
where high environmental contamination with spores has been found [36]. In
addition, medical devices such as portable bed commodes and electronic rectal
thermometers have also been linked to transmission of C. difficile [37].

Clostridium difficile spores are not susceptible to the commonly used hospital
disinfectants, such as phenolics and quaternary ammonium compounds, but
they are inactivated by hypochlorites and peroxide. The use of hypochlorites for
surface disinfection has been a key component of controlling outbreaks [38e,
39, 40]. Guidelines for the prevention of CDI suggest using a 1:10 dilution of
sodium hypochlorite (household bleach) for environmental disinfection in
outbreak settings and in settings of hyperendemicity, in addition to other
infection prevention and control measures. [41]. Higher concentrations of
chlorine within the range of 1000-5000 ppm have greater sporicidal activity than
lower concentrations, but, due to their corrosive nature, high concentrations are
limited for routine cleaning [40]. Chlorine-releasing agents have demonstrated
the same effectiveness against newer methods of terminal disinfections, which is
especially important when measuring the economic impact [42].

Dispersion of hydrogen peroxide by air is also used as a sporicidal agent
[43]. When prospectively evaluated, hydrogen peroxide vapor room decon-
tamination incidence of nosocomial CDI was significantly lower during the
intervention than during the pre-intervention period (1.28 vs. 2.28 cases per
1,000 patient-days; P = .047).

In fact, sub-inhibitory concentrations of non-chlorine-based cleaning agents
(detergent or hydrogen peroxide) significantly increased sporulation capacity;
this effect was not seen with chlorine-based cleaning agents [44].

Regardless of the solution used for decontamination, inadequate training and
wide variations in cleaning practices are the main obstacles for proper environ-
mental control. [45]. Almost half of environmental surfaces were inadequately
cleaned at baseline, and less than 15% of hospital environmental workers have
the appropriate knowledge regarding the need for using bleach for C. difficile
disinfection and contact duration for adequate disinfection [46]. Fluorescent and
biological markers for terminal cleaning evaluation have aided in our under-
standing of cleaning thoroughness. Fluorescent markers are applied before
cleaning and are assessed whether they were removed during cleaning; on the
other hand, adenosine triphosphate (ATP) bioluminescence permits assessment
of any remaining organic material after cleaning. However, despite using fluores-
cent or ATP bioluminescent markers, C. difficile is still frequently isolated in the
environment. [47, 48]. Aside from the method used for environmental disinfec-
tion, every healthcare facility has to have its own operating procedure that needs to
be frequently reassessed for adherence, along with continuous feedback to envi-
ronmental workers. Also, ineffective cleaning may be due to insufficient time for
cleaning, inadequate cleaning supplies, education, and poor communication [46].

Contact precautions

The hands of HCW are the main route for spore dissemination, frequently
becoming contaminated with C. difficile spores during the routine care of
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individuals with CDI [49]. Contact precautions, individual rooms and indi-
vidualized patient equipment are part of the isolation procedures used in
patients with CDI or suspected CDI [50]. The adequate donning of gowns and
gloves upon room entry and their removal before exiting may reduce trans-
mission by focusing on the patient and the patient’s environment as the
principal source of potential horizontal transmission [14ee].

Improving availability of gloves and reminders for proper use has been
shown to aid in reduction of infection rates, dropping from 7.7 to 1.5 per
1000 patient discharges [51]. Potential soiling of HCW clothing and subse-
quent dissemination is possible. Nurses’ clothing has been documented to
become contaminated with C. difficile during a routine hospital shift, and
although the study did not assess patient acquisition by this source, dissemi-
nation by clothes is feasible [52].

The duration of contact precautions is another important factor; current
guidelines recommend continuous contact precautions until diarrhea resolu-
tion. In an outbreak setting, however, the spread of CDI is more difficult to
control, and additional measures such as extending contact precautions until
patient discharge, and empiric placement of patients in contact precautions
while waiting for the results of C. difficile are important steps for the reduction of
spore dissemination [50]. Delay in diagnosis is a big concern since the absence
of prompt stool collection and of onsite laboratories may delay diagnosis and
sometimes treatment; meanwhile, environmental contamination is occurring
before the results of diagnostic tests for C. difficile are available [53]. Further-
more, environmental contamination with C. difficile continues to be found at
the end of treatment in 14% of patients. Moreover, rebound in C. difficile
colonization after a month was found in 56% of patients and environmental
contamination found in 50% of rooms [14ee, 54]. As a result, in the acute care
setting, extended contact procedures have a role in preventing spore transmis-
sion. In LTCFs, implementation of some of this strategies is more cumbersome
because of the long length of stay and the fact that these facilities try to provide a
homelike environment with common areas, group therapy areas, etc. [55].

Isolation also includes medical equipment and devices that have to be
disposable or need to be decontaminated before use; Single-use disposable
thermometers compared with electronic thermometers reduce the likelihood of
developing CDI (RR 0.44%; P = 0.026) [56]. Transfer of C. difficile by stetho-
scopes during simulation often seems to occur as well [57].

Probiotics as primary prevention

Maintaining microbiome homeostasis in the gut is fundamental for preventing
C. difficile colonization and subsequent infections, and therefore many studies
have looked at probiotics for this purpose.

A randomized trial investigated CDI incidence after administration of the
probiotics lactobacilli and bifidobacteria in almost 3000 elderly patients and
did not find any statistical reduction in CDI incidence. The rates in the probiotic
and placebo groups were 0.8% and 1.2%, respectively; representing a relative
risk associated with probiotic use of 0.71 with a 95% CI of 0.34-1.47 [58]. In a
single-center, randomized, double-blind trial, Saccharomyces boulardii was not
effective in preventing CDI compared to placebo (2.8% vs. 2%; OR 1.40, 95%
CI 0.23-8.55) [59].
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The longest study to date that has employed a combination of lactobacilli
for hospital-wide prevention of CDI found a significant reduction in CDI rates
after daily administration to all patients that were recipient of antibiotics. The
study found a significant decrease in CDI rates from 18.0 cases per 10,000
patient-days, remaining at a mean level of 2.3 cases per 10,000 patient-days,
which, compared to similar hospitals in the region, was significantly lower;
furthermore, no complications were recorded after 10 years of daily adminis-
tration [60e]. Compilation of results in a meta-analysis showed a favorable
trend towards the prevention of CDI when probiotics are used [61-63]. One of
those studies found that probiotics reduced the risk of CDI with a number
needed to treat (NNT) of 29 (2% vs. 5.5%; RR 0.36, 95% CI 0.26-0.51) [64].
Another study reported that the risk reduction when probiotics were used
persisted, whether the trials included adults or children, low or high doses of
probiotics, or different probiotic species [65].

Patient placement, transferring and transition

Patient placement is also an important factor for acquiring C. difficile. Patients
admitted to a room previously occupied by a patient with C. difficile have an
increased risk for CDI [66]; in fact, the administration of antibiotics to the prior
patients was associated with a 22% relative increased risk for the development
of CDI in subsequent patients who occupied the same bed, meaning that
antibiotics given to one patient may alter the local micro-environment
influencing a different patient [67e¢].

A single room for CDI patients is preferred because it reduces the
possibility of cross-contamination to other patients. When switched from
double to single beds, patients in an ICU had a reduced rate for C. difficile
acquisition 43% (95% CI, 7-65%) and a combined reduction of 54%
(95% CI, 29-70%) when MRSA and VRE were taken into account. [68].
Cohorting patients is a strategy that should only be used when the hospital
epidemiological condition leaves no other choice, since studies of the
efficacy of these approaches exist in the outbreak setting, while no studies
have shown that cohorting for endemic CDI is useful. On the other hand,
cohorting can lead to up to 4 times more recurrence of CDI, probably due
to reinfection [69].

Other factors such as adequate access to hand hygiene facilities are impor-
tant for compliance and should be taken into account when deciding room
accommodation [70ee].

Transitions and transferring of patients are events that can lead to spore
dissemination. Patients in long-term care or in nursing homes require multiple
assistance during routine care and often have shared-space activities with other
patients as part of their daily routine. Transferring a CDI patient to another ward
or to routine procedures such as X-rays, endoscopy or to the operating room
requires adequate communication in order to have a correct hand-over and to
minimize risks, the more so when transfer is to another hospital. Regrettably,
care transitions are often inadequately coordinated. Suboptimal communica-
tion is a major barrier to implementing appropriate prevention procedures [55].
Patients should be placed preferably in a single bedroom; when this is not
possible, cohorting of CDI patients is recommended, while both patients
and rooms must be effectively cleaned and disinfected before receiving the
next patient.
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Identifying asymptomatic carriers and treatment

When universal screening is performed on all hospitalized patients searching
for asymptomatic carriers, one study showed that CDI was almost 2 times
higher in patients exposed to asymptomatic carriers than in non-exposed
patients (2.6% vs. 4.6% OR 1.79; 95% CI, 1.16-2.76) [71e].

Using multilocus variable number of tandem repeats analysis (MLVA), one
study showed that out of 56 hospital-acquired cases of CDI, 17 (30%) were
associated with other CDI patients, whereas 16 (29%) were associated with
asymptomatic carriers. Asymptomatic carriers appear to play an important role
in transmission. Identification and isolation of carriers may be necessary to
further transmission reduction of C. difficile in such settings [72].

Treatment for asymptomatic C. difficile carriers was studied [73], with the
absence of positive cultures after oral vancomycin therapy in 9 out of 10
patients, compared to 3 out of 10 patients treated by oral metronidazole (P =
0.02) and 2 out of 10 patients treated with placebo (P = 0.005). Nevertheless,
within an average of 20 days after completing treatment, 8 out of 9 patients with
transient clearance of fecal C. difficile carriage had positive cultures. Thus, there
is no adequate evidence to support therapy in the routine management of fecal
colonization by C. difficile.

Vaccines

Conclusions

Effective vaccination against nosocomial pathogens is imperative; currently,
there are no FDA-approved vaccines that prevent infections acquired during
medical care. Research for a C. difficile vaccine and development are underway.

Naturally occurring toxin A IgG antibodies seem to reduce recurrence [74]. In
an animal study, previous toxoid B administration was effective in preventing
disease occurrence after a challenge with toxigenic strains [75].

There is currently a phase 2 trial assessing the safety, tolerability and immu-
nogenicity of a potential vaccine as well as a phase 3 trial which will assess the
prevention of symptomatic PCR-confirmed primary CDI cases after 2 and 3
vaccine doses from 2 different pharmaceutical companies [76, 77¢]. Based on
different vaccination schemes, transmission modeling estimates that, when
high-risk groups of patients are vaccinated around a 43% reduction in CDI cases
is expected [78].

Difficile derives from Latin meaning “difficult” or “hard to deal with”, and
in the sense of Clostridium difficile infection this is true for diagnosis since
its anaerobic needs are complex. It is difficult to treat since it recurs often,
but the same difficulty also applies to prevention on the basis that there is
no single reliable strategy for the purpose of preventing Clostridium difficile
infection. A quite of options for prevention has to be ensured for hospi-
talized patients in acute care or in long-term care, as well as a tailored
approach for every institution. The backbone for prevention is composed
of: adequate hand hygiene, a solid antibiotic stewardship program, con-
tinuous reinforcement of contact precautions, supervised environmental
disinfection, and subsequently adding strategies such as probiotics, patient
placement and, ultimately, vaccination.
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