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Abstract
Clostridium difficile infection is an important healthcare-associated infection. The incidence and
severity of C. difficile infection are increasing. Recent C. difficile infection outbreaks with high
proportions of severe outcomes have been linked to an emerging, hypervirulent strain of C.
difficile. Recently recognized risk factors of C. difficile infection include fluoroquinolone
exposure and gastric acid suppression. Effective prevention measures for C. difficile infection
include contact precautions and antimicrobial stewardship. Awareness of C. difficile infection is
critical to providing appropriate clinical care.

Clinical History and Epidemiology
Although antibiotic-associated colitis has been recognized since antibiotics were first
introduced into clinical practice and C. difficile was first isolated in 1935, C. difficile was
not identified as the cause of antibiotic-associated colitis until 1978.1 Initially C. difficile
infection was thought to be a nuisance infection, a complication of necessary antibiotic
therapy, with very little attributable morbidity and mortality. C. difficile infection is now
recognized as one of the most common healthcare-associated pathogens, rivaling
methicillin-resistant Staphylococcus aureus.2

Since 2000, there have been significant increases in the incidence and severity of C. difficile
infection in the US, Canada, and Europe.3 In the US, the number of acute care facility
discharges in the National Hospital Discharge Survey where the patient received the
International Classification of Diseases, 9th edition (ICD9) code for C. difficile infection
more than doubled from approximately 130,000 in 2000 to over 290,000 in 2005.4 The
attributable mortality of C. difficile infection in recent outbreaks has been as high as 17%
and as high as 6% in endemic settings.5, 6

These increases in C. difficile infection incidence and severity have been associated with the
identification of a new, hypervirulent stain of C. difficile, commonly referred to as the
epidemic strain.7 Due to the numerous methods available for molecular typing of C.
difficile, there are many names for this strain: NAP1, 027, and BI.8 This epidemic strain has
a mutation in an important toxin production down regulatory gene, the tcdC gene, that
renders this gene nonfunctional. As a result, this strain is able to produce up to 16 times
more toxin A and 23 times more toxin B in vitro than what have historically been the most
common strains of C. difficile.7 Other potential virulence factors of the epidemic stain
include presence of the genes for binary toxin and high-grade fluoroquinolone resistance.8
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Risk factors for Clostridium Difficile Infection
Exposure to antimicrobial agents is a well recognized predisposing factor for C. difficile
infection.9 Although nearly all antimicrobial agents can predispose C. difficile infection, the
likelihood of developing C. difficile infection is not equal for all antimicrobials. The risk of
C. difficile infection is related to how much the antimicrobial disrupts the bowel flora (in
particular the anaerobic component), how resistant C. difficile is to that antimicrobial, and
how frequently an antimicrobial is used. Historically cephalosporins, amino-penicillins, and
clindamycin were the antimicrobials associated with the greatest risk of C. difficile
infection.2 In several of the recent C. difficile infection outbreaks, fluoroquinolones, in
particular the broader-spectrum fluoroquinolones such as levofloxacin, moxifloxacin, and
gatifloxacin, have been strongly associated with risk of C. difficile infection.10 It has been
hypothesized that increased used of fluoroquinolones has given the epidemic strain a
competitive advantage over other strains of C. difficile that are not as resistant to
fluoroquinolones.

Another essential risk factor for C. difficile infection is exposure to C. difficile. Exposure to
C. difficile most commonly occurs in the healthcare setting.9 Typically, only ~3% of the
healthy US population and approximately 20% of people in a healthcare facility or with
recent healthcare exposures may be colonized with C. difficile.11 In addition patients
asymptomatically colonized with C. difficile appear to be at a lower risk for C. difficile
infection compared to patients who newly acquire C. difficile after admission to a healthcare
facility.12 Although length of stay in a healthcare facility is commonly cited as a risk factor
for C. difficile infection, length of stay is a surrogate for C. difficile exposure within the
healthcare facility.1

Other important risk factors for C. difficile infection include advancing age and increasing
severity of underlying illness.13 In addition the immune system plays an important role in
the pathogenesis of C. difficile infection. Patients who are asymptomatically colonized with
C. difficile have higher levels of detectable antibodies against C. difficile than those not
colonized, and those with higher levels of antibodies against C. difficile are less likely to
develop C. difficile infection after acquiring C. difficile.14

Another recently recognized risk factor for C. difficile infection is exposure to gastric acid
suppressing agent.13, 15 The mechanism linking gastric acid suppression and C. difficile
infection is not completely understood. Some potential explanations for why gastric acid
suppression may increase the risk of C. difficile infection include gastric acid, although not
sporicidal, may inhibit the germination of spores after they reach the small intestine, and
gastric acid suppression has been associated with an alteration of bowel flora.15, 16

Alternatively, gastric acid suppression may be a marker for severity of underlying illness.13

Clinical Manifestations and Diagnosis of Clostridium Difficile Infection
C. difficile infection ranges from a mild, self-limited illness to a severe, life-threatening
colitis. The hallmark of C. difficile infection is diarrhea. Onset of diarrhea may occur days
after the initial antimicrobial exposure or as late as eight weeks after the antimicrobials are
discontinued.17 Other common signs and symptoms include fever, nausea, abdominal
cramping, and abdominal tenderness. Rarely C. difficile infection may present with ileus or
an acute abdomen. These patients tend to be acutely ill and may require emergent
colectomy. Other markers for severe C. difficile infection include leukocytosis, hypotension,
acute kidney failure, and an elevated serum lactate.8, 11, 17

The diagnosis of C. difficile infection typically relies on a high index of clinical suspicion
(i.e., presence of symptoms and predisposing factors) and laboratory confirmation of C.
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difficile toxin(s) in the stool. Several types of stool assays are currently available to diagnose
C. difficile infection. The most commonly used assays in the US are toxin enzyme
immunoassays (EIAs). Toxin EIAs are inexpensive, easy to perform, and rapid (results
within a few hours). The major disadvantage of toxin EIAs is a decreased sensitivity (70–
80%) compared to other methods for detecting C. difficile or its toxins.17 Of note, some
toxin EIAs detect only toxin A and others detect both toxins A and B. Because some strains
of C. difficile only produce toxin B a toxin A and B assay is preferred.

The cell culture cytotoxicity assay is the clinical laboratory gold standard test for C. difficile
infection because of better sensitivity and specificity compared to toxin EIAs, but limitations
include by increased costs, personnel time to run the assay, the requirement for specialized
equipment, and it may take as long as 72 hours for final results. Another option is EIAs to
detect glutamate dehydrogenase, an enzyme produced by C. difficile. The glutamate
dehydrogenase EIA is relatively inexpensive, results are available within an hour, and it may
be more sensitive than the toxin EIAs. However, this assay is not specific as other bacteria
and non-pathogenic C. difficile strains can produce glutamate dehydrogenase. Some
investigators use the glutamate dehydrogenase EIA as an initial screen.18 The cell culture
cytotoxicity assay is then run on glutamate dehydrogenase positive stool samples. The
rationale behind this method is to have a rapid screen with a high negative predictive value,
and then confirm positive results with the more expensive and sensitive cytotoxicity assay.

Anaerobic stool culture, when performed correctly, is the most sensitive method to detect C.
difficile. Anaerobic stool culture also provides C. difficile isolates for strain typing if
needed. Disadvantages of stool culture are the need to determine if the C. difficile isolate
produces toxin (i.e., toxigenic culture), expense, and it can take as long as five day to have
final results. Polymerase chain reaction (PCR) for C. difficile is being investigated as a new
diagnostic strategy. Real-time PCR detects toxigenic C. difficile in stool in a few hours with
higher sensitivity than that of toxin EIAs and cell culture cytotoxicity assays.19 Potential
disadvantages of PCR include increase in costs and currently not all labs are able to perform
PCR.

An unresolved issue is the number of additional stool specimens necessary if an initial test is
negative. Repeat testing is often performed because of concerns regarding the relatively low
sensitivity of toxin EIAs. However, no test is 100% specific for C. difficile infection. Repeat
testing increases the likelihood of having a false positive test result. Of note, the negative
predictive value for toxin EIAs based on the reported prevalence of C. difficile infection in
patients on antibiotics with diarrhea in acute care hospitals in the U.S. (10 to 20%) is still
≥94%. Therefore, when the clinical suspicion for C. difficile infection is low, repeated toxin
testing is unnecessary.2

Treatment
In general, all patients with C. difficile infection should receive appropriate supportive
therapy when needed, such as intravenous fluids if the patient is dehydrated. The offending
antibiotic should be discontinued whenever possible; this alone is curative in as many as
23% of cases of C. difficile infection.20 Patients acutely ill with C. difficile infection will
need specific treatment for C. difficile infection.

Although oral vancomycin remains the only antimicrobial with a Food and Drug
Administration (FDA) indication for the treatment for C. difficile infection, comparative
trials historically have demonstrated oral metronidazole has identical response rates and
relapse rates.11 Because of cost considerations and concerns about selecting for vancomycin
resistant enterococci (VRE), many professional societies have recommended oral
metronidazole as an equivalent or in preference to oral vancomycin for C. difficile infection
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treatment. However, several recent randomized control trials indicate oral vancomycin may
be better than oral metronidazole for patients with severe C. difficile infection.20 One
caveat, however, there are no validated methods to identify patients at greatest risk for
developing complications due to C. difficile infection.

The Infectious Diseases Society of America and Society for Healthcare Epidemiology of
America are in the process of updating their C. difficile infection treatment guidelines.21

Treatment recommendations will likely be based on the clinical presentation of C. difficile
infection. Patients with mild or moderate C. difficile infection can be treated with oral
metronidazole 500 mg three times daily or 250mg four times daily for 10 to 14 days.
Patients with severe C. difficile infection should receive oral vancomycin 125 mg four times
daily.

A third treatment category is severe, complicated C. difficile infection. These are patients
with the most severe manifestations of C. difficile infection such as ileus, toxic megacolon,
hemodynamic instability, or acute kidney failure due to clostridium difficile infection. For
these cases, a higher dose of vancomycin, up to 500 mg orally or via gastric tube four times
daily, combination with intravenous metronidazole 500mg four times daily is
recommended.20 The rationale for giving higher doses of oral vancomycin plus the addition
or intravenous metronidazole is to get active drug to the colon as quickly as possible. In the
absence of severe, complicated C. difficile infection there is no need to provide oral
vancomycin at a dose higher than 125mg four times daily or to give combination therapy.

Alternative routes of vancomycin administration may be necessary in patients if the
gastrointestinal tract is not functioning properly, e.g. ileus or vomiting. Intravenous
vancomycin does not achieve high enough levels in the stool to treat C. difficile infection
and should never be used for the treatment of C. difficile infection. Alternative approaches
to administering enteral vancomycin include continuous drips via tubes inserted into the
small bowel and vancomycin enemas. A wide range of vancomycin doses, concentrations,
and frequency of administration are reported in the literature, and are almost always
administered in conjunction with intravenous metronidazole with or without oral
vancomycin.

An adjunctive therapy for severe, complicated C. difficile infection is intravenous
immunoglobulin because antibodies against C. difficile are present in intravenous
immunoglobulin. Doses range from 250mg/kg to 500mg/kg as a one-time bolus.11, 20 In
extreme cases, surgery may be needed for the treatment of severe, complicated C. difficile
infection. Indications for surgery include perforation, significant bowel obstruction or
progressive deterioration despite appropriate medical therapy. Prompt assessment of need
for surgical therapy is warranted since fulminant C. difficile infection can be fatal despite
aggressive management.

Recurrent Clostridium Difficile Infection
Approximately 20% of patients with an initial episode of C. difficile infection will develop
at least one recurrence and 65% of patients with at least two recurrences will develop
additional recurrences.10, 20 Risk factors for recurrent C. difficile infection are similar to
those for the first episode: advanced age, increased severity of underlying illness, and repeat
or continued antibiotic exposures. Of note, studies indicate that at least half, if not more,
recurrences of C. difficile infection are due to reacquisition of C. difficile rather than
reactivation of spores that remain in the colon at the end of therapy.

Recurrent C. difficile infection can be extremely frustrating to manage, in particular because
there are few well studied treatment strategies that have shown any benefit. Luckily,

Honda and Dubberke Page 4

Mo Med. Author manuscript; available in PMC 2013 May 08.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



resistance to metronidazole and vancomycin is extremely rare, and has not been reported
after initial treatment with either of these antimicrobials. First recurrences of mild or
moderate C. difficile infection can be treated with metronidazole. Severe cases of recurrent
C. difficile infection should be treated with vancomycin. Tapering or pulsed regimen of
vancomycin has been commonly tried for multiple recurrent C. difficile infection. This
regimen was based on one study, which revealed lower rate of recurrence rate of C. difficile
infection in patients treated with tapering or pulsed vancomycin.22

Other adjunctive therapies for recurrent C. difficile infection have been poorly studied or
have not been effective. Probiotic agents (e.g. Lactobacillus spp. or Saccharomyces spp.)
have been the best studied adjunctive therapies with several randomized, placebo controlled
trials.20 Unfortunately, the trials indicate probiotics have minimal, if any, role in the
prevention of additional C. difficile infection recurrences. Rifaximin, a nonabsorbed
rifamycin derivative, has more selective activity against C. difficile than other bowel flora.23

This may help prevent recurrences by allowing normal bowel flora to regenerate as the
infection is being treated. The development of resistance while on therapy has historically
been a problem with rifamycin derivatives, and may be an issue with rifaximin.22

Anion binding resins such as cholestyramine and colestipol has been used in the treatment of
recurrent C. difficile infection because they bind to C. difficile toxin in vitro. A single
randomized control trial showed no benefit over placebo.24 If used, clinicians should be
aware these anion binding resins also bind to vancomycin, in addition to other drugs, and
these agents should not be administered simultaneously.

Treatment of C. difficile infection through restoration of gastrointestinal flora by the
administration of fecal flora from a healthy volunteer has shown promise. Restoration of
gastrointestinal flora by stool infusion may lead to prevention of overgrowth of C. difficile.
Several case reports and case series indicate a success rate over 90%.25 However, lack of
supportive data and obvious aesthetic drawbacks limit the practical applicability of this
method.

Prevention
Controlling C. difficile infection in the hospital environment is a challenge. Effective
hospital infection control programs to prevent C. difficile infection combine patient
isolation, reinforcement of proper hand hygiene technique, environmental decontamination,
antimicrobial stewardship, and careful epidemiological monitoring of C. difficile infection
cases, rates, and trends.26

C. difficile spores are transferred between patients primarily via the hands of healthcare
workers.2 Research indicates hospitalized patients are at greater risk of C. difficile infection
if there is another C. difficile infection patient concurrently admitted on the same ward.27

Thus, contact precautions (disposable gowns and gloves, disposable or designated medical
equipment where possible) and isolation (private rooms) of symptomatic patients are
recommended as an essential component of C. difficile infection control. Glove use has been
shown to reduce the spread of C. difficile.2 An area of controversy is the preferred method
of hand hygiene after caring for a patient with C. difficile infection. Alcohol-based hand
sanitizers are not sporicidal, but the use of these products in U.S. hospitals does not appear
to result in increases in C. difficile infection rates or outbreaks.28 Nevertheless, soap and
water may be substituted for alcohol-based products during C. difficile infection outbreaks
to ensure effective hand hygiene.2

C. difficile spores frequently contaminate the hospital environment of patients with C.
difficile infection, and spores may be found even in rooms that have not housed a C. difficile
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infection patient recently.29 Environmental decontamination is an important but poorly
understood aspect of C. difficile infection control. Hypochlorite solutions (i.e., bleach) are
sporicidal, but bleach is corrosive and the fumes may be irritating to patients and staff.
Several studies have indicated use of a 1:10 of a 6% hypochlorite solution for disinfection
reduced rates of C. difficile infection during outbreaks. Disinfection with bleach may be a
useful component in C. difficile infection control during an outbreak but impractical and
unnecessary for routine hospital disinfection.2

As noted previously, certain antimicrobial agents, particularly clindamycin, amoxicillin/
ampicillin, cephalosporins, and fluoroquinolones, are associated with increased risk of C.
difficile infection. Improved antimicrobial prescribing practices and restriction of high-risk
antimicrobials are among the most effective methods of reducing the incidence of C.
difficile infection. A recent study demonstrated that an antimicrobial stewardship program
that focused on improved antimicrobial prescribing in addition to limiting the use of
antibiotics associated with C. difficile infection was successful in combating an outbreak
due to the epidemic strain of C. difficile.2, 30 The implementation of antimicrobial
stewardship is strongly encouraged as an essential component of an effective C. difficile
infection prevention and control program.2

Summary
Treatment and prevention of C. difficile infection are challenging. Current increases in C.
difficile infection severity, the emergence of the hypervirulent epidemic strain, and
increasing C. difficile infection rates make C. difficile one of the most important hospital-
associated pathogens. While many issues regarding the detection, treatment, and prevention
of C. difficile infection remain poorly studied or unresolved, much new research has been
published since the emergence of the epidemic strain. The Society for Healthcare
Epidemiology of America (SHEA) and Infectious Disease Society of America (IDSA)
recently published practical recommendations on the prevention of C. difficile infection in
acute care facilities, and updated comprehensive C. difficile infection guidelines from SHEA
and IDSA are expected in the spring of 2009. Collaboration between clinicians, healthcare
epidemiologists, and infection prevention and control professionals is essential to determine
appropriate treatment strategies and preventive measures at your healthcare facility.

References
1. Bartlett JG. Historical perspectives on studies of Clostridium difficile and C. difficile infection. Clin

Infect Dis. Jan 15; 2008 46( Suppl1):S4–11. [PubMed: 18177220]

2. Dubberke ER, Gerding DN, Classen D, et al. Strategies to prevent clostridium difficile infections in
acute care hospitals. Infect Control Hosp Epidemiol. Oct; 2008 29( Suppl 1):S81–92. [PubMed:
18840091]

3. Kuijper EJ, Coignard B, Tull P. Emergence of Clostridium difficile-associated disease in North
America and Europe. Clin Microbiol Infect. 2006; 12(Suppl 6):2–18. [PubMed: 16965399]

4. Zilberberg MD, Shorr AF, Kollef MH. Increase in adult Clostridium difficile-related
hospitalizations and case-fatality rate, United States, 2000–2005. Emerg Infect Dis. Jun; 2008 14(6):
929–931. [PubMed: 18507904]

5. Pepin J, Valiquette L, Cossette B. Mortality attributable to nosocomial Clostridium difficile-
associated disease during an epidemic caused by a hypervirulent strain in Quebec. CMAJ. Oct; 2005
173(9):1037–1042. [PubMed: 16179431]

6. Dubberke ER, Butler AM, Reske KA, et al. Attributable outcomes of endemic Clostridium difficile-
associated disease in nonsurgical patients. Emerg Infect Dis. Jul; 2008 14(7):1031–1038. [PubMed:
18598621]

Honda and Dubberke Page 6

Mo Med. Author manuscript; available in PMC 2013 May 08.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



7. Warny M, Pepin J, Fang A, et al. Toxin production by an emerging strain of Clostridium difficile
associated with outbreaks of severe disease in North America and Europe. Lancet. Sep; 2005
366(9491):1079–1084. [PubMed: 16182895]

8. McDonald LC, Killgore GE, Thompson A, et al. An epidemic, toxin gene-variant strain of
Clostridium difficile. N Engl J Med. Dec 8; 2005 353(23):2433–2441. [PubMed: 16322603]

9. Blossom DB, McDonald LC. The challenges posed by reemerging Clostridium difficile infection.
Clin Infect Dis. Jul 15; 2007 45(2):222–227. [PubMed: 17578783]

10. Gaynes R, Rimland D, Killum E, et al. Outbreak of Clostridium difficile infection in a long-term
care facility: association with gatifloxacin use. Clin Infect Dis. Mar 1; 2004 38(5):640–645.
[PubMed: 14986246]

11. Bartlett JG. Narrative review: the new epidemic of Clostridium difficile-associated enteric disease.
Ann Intern Med. Nov 21; 2006 145(10):758–764. [PubMed: 17116920]

12. Shim JK, Johnson S, Samore MH, Bliss DZ, Gerding DN. Primary symptomless colonisation by
Clostridium difficile and decreased risk of subsequent diarrhoea. Lancet. Feb 28; 1998 351(9103):
633–636. [PubMed: 9500319]

13. Dubberke ER, Reske KA, Yan Y, Olsen MA, McDonald LC, Fraser VJ. Clostridium difficile--
associated disease in a setting of endemicity: identification of novel risk factors. Clin Infect Dis.
Dec 15; 2007 45(12):1543–1549. [PubMed: 18190314]

14. Kyne L, Warny M, Qamar A, et al. Asymptomatic carriage of Clostridium difficile and serum
levels of IgG antibody against toxin A. N Engl J Med. Feb 10; 2000 342(6):390–397. [PubMed:
10666429]

15. Dial S, Delaney JA, Barkun AN, et al. Use of gastric acid-suppressive agents and the risk of
community-acquired Clostridium difficile-associated disease. JAMA. Dec 21; 2005 294(23):2989–
2995. [PubMed: 16414946]

16. McFarland LV, Beneda HW, Clarridge JE, Raugi GJ. Implications of the changing face of
Clostridium difficile disease for health care practitioners. Am J Infect Control. May; 2007 35(4):
237–253. [PubMed: 17482995]

17. Bartlett JG, Gerding DN. Clinical recognition and diagnosis of Clostridium difficile infection. Clin
Infect Dis. Jan 15; 2008 46( Suppl 1):S12–18. [PubMed: 18177217]

18. Ticehurst JR, Aird DZ, Dam LM, Borek AP, Hargrove JT, Carroll KC. Effective detection of
toxigenic Clostridium difficile by a two-step algorithm including tests for antigen and cytotoxin. J
Clin Microbiol. Mar; 2006 44(3):1145–1149. [PubMed: 16517916]

19. Peterson LR, Manson RU, Paule SM, et al. Detection of toxigenic Clostridium difficile in stool
samples by real-time polymerase chain reaction for the diagnosis of C. difficile-associated
diarrhea. Clin Infect Dis. Nov 1; 2007 45(9):1152–1160. [PubMed: 17918076]

20. Gerding DN, Muto CA, Owens RC Jr. Treatment of Clostridium difficile infection. Clin Infect Dis.
Jan 15; 2008 46( Suppl 1):S32–42. [PubMed: 18177219]

21. Cohen, SH.; Gerding, DN.; Johnson, S., et al. Clostridium difficile infection. Clinical practice
Guideline by SHEA and IDSA. http://www.idsociety.org/Content.aspx?id=7048

22. McFarland LV, Elmer GW, Surawicz CM. Breaking the cycle: treatment strategies for 163 cases of
recurrent Clostridium difficile disease. Am J Gastroenterol. Jul; 2002 97(7):1769–1775. [PubMed:
12135033]

23. Johnson S, Schriever C, Galang M, Kelly CP, Gerding DN. Interruption of recurrent Clostridium
difficile-associated diarrhea episodes by serial therapy with vancomycin and rifaximin. Clin Infect
Dis. Mar 15; 2007 44(6):846–848. [PubMed: 17304459]

24. Mogg GA, George RH, Youngs D, et al. Randomized controlled trial of colestipol in antibiotic-
associated colitis. Br J Surg. Mar; 1982 69(3):137–139. [PubMed: 7039758]

25. Aas J, Gessert CE, Bakken JS. Recurrent Clostridium difficile colitis: case series involving 18
patients treated with donor stool administered via a nasogastric tube. Clin Infect Dis. Mar 1; 2003
36(5):580–585. [PubMed: 12594638]

26. Gerding DN, Muto CA, Owens RC Jr. Measures to control and prevent Clostridium difficile
infection. Clin Infect Dis. Jan 15; 2008 46( Suppl 1):S43–49. [PubMed: 18177221]

Honda and Dubberke Page 7

Mo Med. Author manuscript; available in PMC 2013 May 08.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://www.idsociety.org/Content.aspx?id=7048


27. Dubberke ER, Reske KA, Olsen MA, et al. Evaluation of Clostridium difficile-associated disease
pressure as a risk factor for C difficile-associated disease. Arch Intern Med. May 28; 2007
167(10):1092–1097. [PubMed: 17533213]

28. Boyce JM, Ligi C, Kohan C, Dumigan D, Havill NL. Lack of association between the increased
incidence of Clostridium difficile-associated disease and the increasing use of alcohol-based hand
rubs. Infect Control Hosp Epidemiol. May; 2006 27(5):479–483. [PubMed: 16671029]

29. Dubberke ER, Reske KA, Noble-Wang J, et al. Prevalence of Clostridium difficile environmental
contamination and strain variability in multiple health care facilities. Am J Infect Control. Jun;
2007 35(5):315–318. [PubMed: 17577478]

30. Valiquette L, Cossette B, Garant MP, Diab H, Pepin J. Impact of a reduction in the use of high-risk
antibiotics on the course of an epidemic of Clostridium difficile-associated disease caused by the
hypervirulent NAP1/027 strain. Clin Infect Dis. Sep 1; 2007 45( Suppl 2):S112–121. [PubMed:
17683015]

Honda and Dubberke Page 8

Mo Med. Author manuscript; available in PMC 2013 May 08.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript


