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Since publication of the Society for Healthcare Epidemiology of America position paper on Clostridium difficile infection in 1995, significant 
changes have occurred in the epidemiology and treatment of this infection. C. difficile remains the most important cause of healthcare­
associated diarrhea and is increasingly important as a community pathogen. A more virulent strain of C. difficile has been identified and 
has been responsible for more-severe cases of disease worldwide. Data reporting the decreased effectiveness of metronidazole in the treatment 
of severe disease have been published. Despite the increasing quantity of data available, areas of controversy still exist. This guideline updates 
recommendations regarding epidemiology, diagnosis, treatment, and infection control and environmental management. 

Infect Control Hosp Epidemiol 2010; 31(5):431-455 

executive summary 

This guideline is designed to improve the diagnosis and man­
agement of Clostridium difficile infection (CDI) in adult pa­
tients. A case of CDI is defined by the presence of symptoms 
(usually diarrhea) and either a stool test positive for C. difficile 
toxins or toxigenic C. difficile, or colonoscopic or histopath­
ologic findings revealing pseudomembranous colitis. In ad­
dition to diagnosis and management, recommended methods 
of infection control and environmental management of the 
pathogen are presented. The recommendations are based on 
the best available evidence and practices, as determined by a 
joint Expert Panel appointed by SHEA and the Infectious 
Diseases Society of America (IDSA) (the SHEA-IDSA Expert 
Panel). The use of these guidelines can be impacted by the 
size of the institution and the resources, both financial and 
laboratory, available in the particular clinical setting. 

I. Epidemiology: What are the minimum data that should 
be collected for surveillance purposes and how should 
the data be reported? 

1. To increase comparability between clinical settings, 
use available standardized case definitions for surveillance 
of (1) healthcare facility (HCF)-onset, HCF-associated 
CDI; (2) community-onset, HCF-associated CDI; and (3) 
community-associated CDI (Figure 1) (B-III). 

2. At a minimum, conduct surveillance for HCF-onset, 
HCF-associated CDI in all inpatient healthcare facilities, 
to detect outbreaks and monitor patient safety (B-III). 

3. Express the rate of healthcare-associated CDI as the 
number of cases per 10,000 patient-days (B-III). 

4. If CDI rates are high compared with those at other 
facilities or if an outbreak is noted, stratify rates by patient 
location in order to target control measures (B-III). 

II. Diagnosis: What is the best testing strategy to diagnose 
CDI in the clinical laboratory and what are acceptable 
options? 

5. Testing for C. difficile or its toxins should be per­
formed only on diarrheal (unformed) stool, unless ileus 
due to C. difficile is suspected (B-II). 
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6. Testing of stool from asymptomatic patients is not 
clinically useful, including use as a test of cure. It is not 
recommended, except for epidemiological studies. (B-III) 

7. Stool culture is the most sensitive test and is essential 
for epidemiological studies (A-II). 

8. Although stool culture is not clinically practical be­
cause of its slow turnaround time, the sensitivity and spec­
ificity of stool culture followed by identification of a tox­
igenic isolate (ie, toxigenic culture), as performed by an ex­
perienced laboratory, provides the standard against which 
other clinical test results should be compared (B-III). 

9. Enzyme immunoassay (EIA) testing for C. difficile 
toxin A and B is rapid but is less sensitive than the cell 
cytotoxin assay, and it is thus a suboptimal alternative ap­
proach for diagnosis (B-II). 

10. Toxin testing is most important clinically, but is 
hampered by its lack of sensitivity. One potential strategy 
to overcome this problem is a 2-step method that uses EIA 
detection of glutamate dehydrogenase (GDH) as initial 
screening and then uses the cell cytotoxicity assay or tox­
igenic culture as the confirmatory test for GDH-positive 
stool specimens only. Results appear to differ based on the 
GDH kit used; therefore, until more data are available on 
the sensitivity of GDH testing, this approach remains an 
interim recommendation. (B-II) 

11. Polymerase chain reaction (PCR) testing appears to 
be rapid, sensitive, and specific and may ultimately address 
testing concerns. More data on utility are necessary before 
this methodology can be recommended for routine testing. 
(B-II) 

12. Repeat testing during the same episode of diarrhea 
is of limited value and should be discouraged (B-II). 

III. Infection Control and Prevention: What are the most 
important infection control measures to implement 
in the hospital during an outbreak of CDI? 

A. Measures for Healthcare Workers, Patients, and Visitors 

13. Healthcare workers and visitors must use gloves 
(A-I) and gowns (B-III) on entry to a room of a patient 
with CDI. 

14. Emphasize compliance with the practice of hand 
hygiene (A-II). 

15. In a setting in which there is an outbreak or an 
increased CDI rate, instruct visitors and healthcare workers 
to wash hands with soap (or antimicrobial soap) and water 
after caring for or contacting patients with CDI (B-III). 

16. Accommodate patients with CDI in a private room 
with contact precautions (B-III). If single rooms are not 
available, cohort patients, providing a dedicated commode 
for each patient (C-III). 

17. Maintain contact precautions for the duration of 
diarrhea (C-III). 

18. Routine identification of asymptomatic carriers (pa­
tients or healthcare workers) for infection control purposes 

is not recommended (A-III) and treatment of such iden­
tified patients is not effective (B-I). 

B. Environmental Cleaning and Disinfection 

19. Identification and removal of environmental sources 
of C. difficile, including replacement of electronic rectal 
thermometers with disposables, can reduce the incidence 
of CDI (B-II). 

20. Use chlorine-containing cleaning agents or other 
sporicidal agents to address environmental contamination 
in areas associated with increased rates of CDI (B-II). 

21. Routine environmental screening for C. difficile is 
not recommended (C-III). 

C. Antimicrobial Use Restrictions 

22. Minimize the frequency and duration of antimicro­
bial therapy and the number of antimicrobial agents pre­
scribed, to reduce CDI risk (A-II). 

23. Implement an antimicrobial stewardship program 
(A-II). Antimicrobials to be targeted should be based on 
the local epidemiology and the C. difficile strains present, 
but restricting the use of cephalosporin and clindamycin 
(except for surgical antibiotic prophylaxis) may be partic­
ularly useful (C-III). 

D. Use of Probiotics 

24. Administration of currently available probiotics is 
not recommended to prevent primary CDI, as there are 
limited data to support this approach and there is a po­
tential risk of bloodstream infection (C-III). 

IV. Treatment: Does the choice of drug for 
CDI matter and, if so, which patients should be treated 
and with which agent? 

25. Discontinue therapy with the inciting antimicrobial 
agent(s) as soon as possible, as this may influence the risk 
of CDI recurrence (A-II). 

26. When severe or complicated CDI is suspected, ini­
tiate empirical treatment as soon as the diagnosis is sus­
pected (C-III). 

27. If the stool toxin assay result is negative, the decision 
to initiate, stop, or continue treatment must be individ­
ualized (C-III). 

28. If possible, avoid use of antiperistaltic agents, as they 
may obscure symptoms and precipitate toxic megacolon 
(C-III). 

29. Metronidazole is the drug of choice for the initial 
episode of mild-to-moderate CDI. The dosage is 500 mg 
orally 3 times per day for 10–14 days. (A-I) 

30. Vancomycin is the drug of choice for an initial ep­
isode of severe CDI. The dosage is 125 mg orally 4 times 
per day for 10–14 days. (B-I) 

31. Vancomycin administered orally (and per rectum, if 
ileus is present) with or without intravenously adminis­
tered metronidazole is the regimen of choice for the treat­
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ment of severe, complicated CDI. The vancomycin dosage 
is 500 mg orally 4 times per day and 500 mg in approx­
imately 100 mL normal saline per rectum every 6 hours 
as a retention enema, and the metronidazole dosage is 500 
mg intravenously every 8 hours. (C-III) 

32. Consider colectomy for severely ill patients. Moni­
toring the serum lactate level and the peripheral blood 
white blood cell count may be helpful in prompting a 
decision to operate, because a serum lactate level rising to 
5 mmol/L and a white blood cell count rising to 50,000 
cells per mL have been associated with greatly increased 
perioperative mortality. If surgical management is neces­
sary, perform subtotal colectomy with preservation of the 
rectum. (B-II) 

33. Treatment of the first recurrence of CDI is usually 
with the same regimen as for the initial episode (A-II) but 
should be stratified by disease severity (mild-to-moderate, 
severe, or severe complicated), as is recommended for 
treatment of the initial CDI episode (C-III). 

34. Do not use metronidazole beyond the first recur­
rence of CDI or for long-term chronic therapy because of 
potential for cumulative neurotoxicity (B-II). 

35. Treatment of the second or later recurrence of CDI 
with vancomycin therapy using a tapered and/or pulse reg­
imen is the preferred next strategy (B-III). 

36. No recommendations can be made regarding pre­
vention of recurrent CDI in patients who require continued 
antimicrobial therapy for the underlying infection (C-III). 

introduction 

Summary Definition of CDI 

A case definition of CDI should include the presence of symp­
toms (usually diarrhea) and either a stool test result positive 
for C. difficile toxins or toxigenic C. difficile, or colonoscopic 
findings demonstrating pseudomembranous colitis. 

Definition of CDI 

The diagnosis of CDI should be based on a combination of 
clinical and laboratory findings. A case definition for the usual 
presentation of CDI includes the following findings: (1) the 
presence of diarrhea, defined as passage of 3 or more un­
formed stools in 24 or fewer consecutive hours1-8; (2) a stool 
test result positive for the presence of toxigenic C. difficile or 
its toxins or colonoscopic or histopathologic findings dem­
onstrating pseudomembranous colitis. The same criteria 
should used to diagnose recurrent CDI. A history of treatment 
with antimicrobial or antineoplastic agents within the pre­
vious 8 weeks is present for the majority of patients.9 In 
clinical practice, antimicrobial use is often considered part of 
the operative definition of CDI, but it is not included here 
because of occasional reports of CDI in the absence of an­
timicrobial use, usually in community-acquired cases.10 A re­
sponse to specific therapy for CDI is suggestive of the di­
agnosis. Rarely (in fewer than 1% of cases), a symptomatic 

patient will present with ileus and colonic distension with 
minimal or no diarrhea.11 Diagnosis in these patients is dif­
ficult; the only specimen available may be a small amount of 
formed stool or a swab of stool obtained either from the 
rectum or from within the colon via endoscopy. In such cases, 
it is important to communicate to the laboratory the necessity 
to do a toxin assay or culture for C. difficile on the nondi­
arrheal stool specimen. 

Background 

The vast majority of anaerobic infections arise from endog­
enous sources. However, a number of important clostridial 
infections and intoxications are caused by organisms acquired 
from exogenous sources. It is the ability of these organisms 
to produce spores that explains how C. difficile, a fastidiously 
anaerobic organism in its vegetative state, can be acquired 
from the environment. C. difficile is recognized as the pri­
mary pathogen responsible for antibiotic-associated colitis 
and for 15%–25% of cases of nosocomial antibiotic-associ­
ated diarrhea.12-14 

C. difficile can be detected in stool specimens of many 
healthy children under the age of 1 year15,16 and a few percent 
of adults.17,18 Although these data support the potential for 
endogenous sources of human infection, there was early cir­
cumstantial evidence to suggest that this pathogen could be 
transmissible and acquired from external sources. Cases often 
appear in clusters and outbreaks within institutions.19,20 An­
imal models of disease also provide evidence for transmis­

21,22 sibility of C. difficile. Subsequently, many epidemiologic 
studies of CDI confirm the importance of C. difficile as a 
transmissible nosocomial pathogen.1,9,23-25 

Clinical Manifestations 

The clinical manifestations of infection with toxin-producing 
strains of C. difficile range from symptomless carriage, to mild 
or moderate diarrhea, to fulminant and sometimes fatal pseu­
domembranous colitis.13,14,26 Several studies have shown that 
50% or more of hospital patients colonized by C. difficile are 
symptomless carriers, possibly reflecting natural immunity.1, 

3,5,27 Olson et al28 reported that 96% of patients with symp­
tomatic C. difficile infection had received antimicrobials 
within the 14 days before the onset of diarrhea and that all 
had received an antimicrobial within the previous 3 months. 
Symptoms of CDI usually begin soon after colonization, with 
a median time to onset of 2–3 days.1,5,23,27 

C. difficile diarrhea may be associated with the passage of 
mucus or occult blood in the stool, but melena or hemato­
chezia are rare. Fever, cramping, abdominal discomfort, and 
a peripheral leukocytosis are common but found in fewer 
than half of patients.11,13,14,29 Extraintestinal manifestations, 
such as arthritis or bacteremia, are very rare.30-33 C. difficile 
ileitis or pouchitis has also been rarely recognized in patients 
who have previously undergone a total colectomy (for com­
plicated CDI or some other indication).34 Clinicians should 
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table 1. Definitions of the Strength of Recommendations and the Quality of the Evidence Supporting Them 

Category and grade Definition 

Strength of recommendation 
A Good evidence to support a recommendation for or against use 
B Moderate evidence to support a recommendation for or against use 
C Poor evidence to support a recommendation 

Quality of evidence 
I Evidence from at least 1 properly randomized, controlled trial 
II Evidence from at least 1 well-designed clinical trial without randomization, from cohort or case-con­

trolled analytic studies (preferably from more than 1 center), from multiple time-series, or from 
dramatic results from uncontrolled experiments 

III Evidence from opinions of respected authorities, based on clinical experience, descriptive studies, or 
reports of expert committees 

note. Adapted and reproduced from the Canadian Task Force on the Periodic Health Examination,39 with the permission of the Minister of Public 
Works and Government Services Canada, 2009. 

consider the possibility of CDI in hospitalized patients who 
have unexplained leukocytosis, and they should request stool 
be sent for diagnostic testing.35,36 Patients with severe disease 
may develop a colonic ileus or toxic dilatation and present 
with abdominal pain and distension but with minimal or no 
diarrhea.11,13,14 Complications of severe C. difficile colitis in­
clude dehydration, electrolyte disturbances, hypoalbumine­
mia, toxic megacolon, bowel perforation, hypotension, renal 
failure, systemic inflammatory response syndrome, sepsis, 
and death.11,24,25 

Clinical Questions for the 2010 Update 

In 1995, the Society for Healthcare Epidemiology of America 
(SHEA) published a clinical position paper on C. difficile– 
associated disease and colitis.37 For the current update, the 
epidemiology, diagnosis, infection control measures, and in­
dications and agents for treatment from the 1995 position 
paper were reviewed by a joint Expert Panel appointed by 
SHEA and the Infectious Diseases Society of America (IDSA). 
The previous document is a source for a more detailed review 
of earlier studies. 

The SHEA-IDSA Expert Panel addressed the following clin­
ical questions in this update: 

I. What are the minimum data that should be collected 
for surveillance purposes, and how should the data be re­
ported? Have the risk factors for CDI changed? 

II. What is the best testing strategy to diagnose CDI in 
the clinical laboratory and what are acceptable options? 

III. What are the most important infection control mea­
sures to implement in the hospital during an outbreak of 
CDI? 

IV. Does the choice of drug for treatment of CDI matter 
and, if so, which patients should be treated and with which 
agent? 

practice guidelines definition 

“Practice guidelines are systematically developed statements 
to assist practitioners and patients in making decisions 

about appropriate health care for specific clinical circum­
stances.38(p8) Attributes of good guidelines include validity, 
reliability, reproducibility, clinical applicability, clinical flex­
ibility, clarity, multidisciplinary process, review of evidence, 
and documentation.”38(p8) 

update methodology 

Panel Composition 

The SHEA Board of Directors and the IDSA Standards and 
Practice Guidelines Committee convened a panel of experts 
in the epidemiology, diagnosis, infection control, and clini­
cal management of adult patients with CDI to develop these 
practice guidelines. 

Literature Review and Analysis 

For the 2010 update, the SHEA-IDSA Expert Panel completed 
the review and analysis of data published since 1994. Com­
puterized literature searches of PubMed were performed. The 
searches of the English-language literature from 1994 through 
April 2009 used the terms “Clostridium difficile,” “epidemiol­
ogy,” “treatment,” and “infection control” and focused on hu­
man studies. 

Process Overview 

In evaluating the evidence regarding the management of CDI, 
the Expert Panel followed a process used in the development 
of other SHEA-IDSA guidelines. The process included a sys­
tematic weighting of the quality of the evidence and the 
strength of each recommendation (Table 1).39 

Guidelines and Conflict of Interest 

All members of the Expert Panel complied with the SHEA 
and IDSA policy on conflicts of interest, which requires dis­
closure of any financial or other interest that might be con­
strued as constituting an actual, potential, or apparent con­
flict. Members of the Expert Panel were provided with the 
SHEA and IDSA conflict of interest disclosure statement and 
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were asked to identify ties to companies developing products 
that might be affected by promulgation of the guideline. In­
formation was requested regarding employment, consultan­
cies, stock ownership, honoraria, research funding, expert 
testimony, and membership on company advisory boards or 
committees. The Expert Panel made decisions on a case-by­
case basis as to whether an individual’s role should be limited 
as a result of a conflict. No limiting conflicts were identified. 

Revision Dates 

At annual intervals, SHEA and IDSA will determine the need 
for revisions to the guideline on the basis of an examination 
of the current literature and the likelihood that any new data 
will have an impact on the recommendations. If necessary, 
the entire Expert Panel will be reconvened to discuss poten­
tial changes. Any revision to the guideline will be submitted 
for review and approval to the appropriate Committees and 
Boards of SHEA and IDSA. 

guideline recommendations for 
clostridium difficile infection (cdi)  

i .  what are the minimum data 
that should be collected 
for surveillance purposes,  and how 
should the data be reported? 

Recommendations 

1. To increase comparability between clinical settings, 
use available standardized case definitions for surveillance 
of (1) healthcare facility (HCF)-onset, HCF-associated 
CDI; (2) community-onset, HCF-associated CDI; and (3) 
community-associated CDI (Figure 1) (B-III). 

2. At a minimum, conduct surveillance for HCF-onset, 
HCF-associated CDI in all inpatient healthcare facilities, 
to detect outbreaks and monitor patient safety (B-III). 

3. Express the rate of healthcare-associated CDI as the 
number of cases per 10,000 patient-days (B-III). 

4. If CDI rates are high compared with those at other 

facilities or if an outbreak is noted, stratify rates by patient 
location in order to target control measures (B-III). 

Evidence Summary 

Prevalence, incidence, morbidity, and mortality. C. difficile 
accounts for 20%–30% of cases of antibiotic-associated di­
arrhea12 and is the most commonly recognized cause of in­
fectious diarrhea in healthcare settings. Because C. difficile 
infection is not a reportable condition in the United States, 
there are few surveillance data. However, based upon surveys 
of Canadian hospitals conducted in 1997 and 2005, inci­
dence rates range from 3.8 to 9.5 cases per 10,000 patient-
days, or 3.4 to 8.4 cases per 1,000 admissions, in acute care 
hospitals.40,41 

Although there are no regional or national CDI surveillance 
data for long-term care facilities, patients in these settings are 
often elderly and have been exposed to antimicrobials, both 
important risk factors for CDI, suggesting that rates of disease 
and/or colonization42,43 could potentially be high.43 A recent 
analysis of US acute care hospital discharges found that the 
number of patients transferred to a long-term care facility 
with a discharge diagnosis of CDI doubled between 2000 and 
2003; in 2003, nearly 2% of patients transferred on discharge 
from an acute care hospital to a long-term care facility carried 
the diagnosis of CDI. Historically, the attributable mortality 
of CDI has been low, with death as a direct or indirect result 
of infection occurring in less than 2% of cases.28,40,44 However, 
the attributable excess costs of CDI suggest a substantial bur­
den on the healthcare system. From 1999–2003 in Massa­
chusetts, a total of 55,380 inpatient-days and $55.2 million 
were consumed by management of CDI. An estimate of the 
annual excess hospital costs in the US is $3.2 billion per year 
for the years 2000–2002.45 

Changing epidemiology. Recently, the epidemiology of 
CDI changed dramatically; an increase in overall incidence 
has been highlighted by outbreaks of more-severe disease than 
previously observed. An examination of US acute care hos­
pital discharge data revealed that, beginning in 2001, there 
was an abrupt increase in the number and proportion of 
patients discharged from the hospital with the diagnosis of 
“intestinal infection due to Clostridium difficile” (International 

figure 1. Time line for surveillance definitions of Clostridium difficile–associated infection (CDI) exposures. A case patient who had 
symptom onset during the window of hospitalization marked by an asterisk (∗) would be classified as having community-onset, healthcare 
facility–associated disease (CO-HCFA), if the patient had been discharged from a healthcare facility within the previous 4 weeks; would 
be classified as having indeterminate disease, if the patient had been discharged from a healthcare facility within the previous 4–12 weeks; 
or would be classified as having community-associated CDI (CA-CDI), if the patient had not been discharged from a healthcare facility 
in the previous 12 weeks. HO-HCFA, healthcare facility–onset, healthcare facility–associated CDI. 
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Classification of Diseases, Clinical Modification, 9th edition, 
code 008.45).46 Discharge rates increased most dramatically 
among persons aged 65 years or more and were more than 
5-fold higher in this age group than among individuals aged 
45–64 years. 

Beginning as early as the second half of 2002 and extending 
through 2006, hospital outbreaks of unusually severe25 and 
recurrent47 CDI were noted in hospitals throughout much of 
Quebec, Canada. These outbreaks were, like slightly earlier 
outbreaks in the United States,48 associated with the use of 
fluoroquinolones.25 An assessment found that the 30-day 
mortality directly attributable to CDI in Montreal hospitals 
during this period was 6.9%, but CDI was thought to have 
contributed indirectly to another 7.5% of deaths.25 The eti­
ological agents of outbreaks both in Quebec and in at least 
8 hospitals in 6 US states were nearly identical strains of C. 

24,25 difficile. This strain has become known variously by its 
restriction endonuclease analysis pattern, BI24; by its pulsed-
field gel electrophoresis (PFGE) pattern, NAP1 (for North 
American PFGE type 1); or by its PCR ribotype designation, 
027; it is now commonly designated “NAP1/BI/027.” This 
strain accounted for 67%–82% of isolates in Quebec,25 which 
implies that it might be transmitted more effectively than are 
other strains. It also possesses, in addition to genes coding 
for toxins A and B, a gene encoding for the binary toxin. 
Although the importance of binary toxin as a virulence factor 
in C. difficile has not been established, earlier studies found 
the toxin was only present in about 6% of isolates.24 In ad­
dition, the epidemic strain has an 18–base pair deletion and 

24,25 an apparently novel single–base pair deletion in tcdC, a 
putative negative regulator of expression of toxins A and/or 
B that is located within the pathogenicity locus downstream 
from the genes encoding toxins A and B. Consistent with the 
presence of 1 or more of these molecular markers or other 
yet undiscovered factors responsible for increased virulence, 
patients infected with the NAP1/BI/027 epidemic strain in 
Montreal were shown to have more-severe disease than were 
patients infected with other strains.25 

Increased virulence alone may not explain why the NAP1/ 
BI/027 strain has recently become highly prevalent, as it ap­
pears this same strain had been an infrequent cause of CDI 
in North America and Europe dating back to the 1980s.24 

Historic and recent isolates of the NAP1/BI/027 strain differ 
in their level of resistance to fluoroquinolones; more recent 
isolates are more highly resistant to these drugs.24 This, cou­
pled with increasing use of the fluoroquinolones in North 
American hospitals, likely promoted dissemination of a once-
uncommon strain. As of this writing, the NAP1/BI/027 strain 
has spread to at least 40 US states24,49 and 7 Canadian prov­
inces,50 and has caused outbreaks in England,51,52 parts of 
continental Europe,53,54 and Asia.55 

CDI in populations previously at low risk. In the context 
of the changing epidemiology of CDI in hospitals, disease is 
occurring among healthy peripartum women, who have been 
previously at very low risk for CDI.56,57 The incidence might 

also be increasing among persons living in the community, 
including, but not limited to, healthy persons without recent 
healthcare contact.56,58-61 However, there are limited historical 
data against which to compare the recent incidence.62-64 

Routes of transmission and the epidemiology of colo­
nization and infection. The primary mode of C. difficile 
transmission resulting in disease is person-to-person spread 
through the fecal-oral route, principally within inpatient 
healthcare facilities. Studies have found that the prevalence 
of asymptomatic colonization with C. difficile is 7%–26% 
among adult inpatients in acute care facilities1,27 and is 5%– 
7% among elderly patients in long-term care facilities.42,65 

Other studies, however, indicate that the prevalence of asymp­
tomatic colonization may be more on the order of 20%–50% 
in facilities where CDI is endemic.9,66,67 The risk of coloni­
zation increases at a steady rate during hospitalization, sug­
gesting a cumulative daily risk of exposure to C. difficile spores 
in the healthcare setting.1 Other data suggest that the prev­
alence of C. difficile in the stool among asymptomatic adults 
without recent healthcare facility exposure is less than 2%.16,17 

Newborns and children in the first year of life are known to 
have some of the highest rates of colonization.68 

The usual incubation period from exposure to onset of 
CDI symptoms is not known with certainty; however, in con­
trast to the situation with other multidrug-resistant pathogens 
that cause healthcare-associated infections, persons who re­
main asymptomatically colonized with C. difficile over longer 
periods of time appear to be at decreased, rather than in­
creased, risk for development of CDI.1,3,5,69 The protection 
afforded by more long-standing colonization may be medi­
ated in part by the boosting of serum antibody levels against 
C. difficile toxins A and B5,69; however, this protection is also 
observed, both in humans and in animal models, when col­
onization occurs with nontoxigenic strains, which suggests 
competition for nutrients or for access to the mucosal 
surface.3,70 

The period between exposure to C. difficile and the oc­
currence of CDI has been estimated in 3 studies to be a 
median of 2–3 days.1,22,27 This is to be distinguished from the 
increased risk of CDI that can persist for many weeks after 
cessation of antimicrobial therapy and which results from 
prolonged perturbation of the normal intestinal flora.71 How­
ever, recent evidence suggests that CDI resulting from ex­
posure to C. difficile in a healthcare facility can have onset 
after discharge.72-74 The hands of healthcare workers, tran­
siently contaminated with C. difficile spores, are probably the 
main means by which the organism is spread during non-
outbreak periods.1,66 

Environmental contamination also has an important role 
in transmission of C. difficile in healthcare settings.75-78 There 
have also been outbreaks in which particular high-risk fo­
mites, such as electronic rectal thermometers or inadequately 
cleaned commodes or bedpans, were shared between patients 
and were found to contribute to transmission.79 

Risk factors for disease. Advanced age is one of the most 
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important risk factors for CDI, as evidenced by the several­
fold higher age-adjusted rate of CDI among persons more 
than 64 years of age.46,80 In addition to advanced age, duration 
of hospitalization is a risk factor for CDI; the daily increase 
in the risk of C. difficile acquisition during hospitalization 
suggests that duration of hospitalization is a proxy for the 
duration, if not the degree, of exposure to the organism from 
other patients with CDI.1 

The most important modifiable risk factor for the devel­
opment of CDI is exposure to antimicrobial agents. Virtually 
every antimicrobial has been associated with CDI through 
the years. The relative risk of therapy with a given antimi­
crobial agent and its association with CDI depends on the 
local prevalence of strains that are highly resistant to that 
particular antimicrobial agent.81 

Receipt of antimicrobials increases the risk of CDI because 
it suppresses the normal bowel flora, thereby providing a 
“niche” for C. difficile to flourish. Both longer exposure to 
antimicrobials, as opposed to shorter exposure,47 and expo­
sure to multiple antimicrobials, as opposed to exposure to a 
single agent, increase the risk for CDI.47 Nonetheless, even 
very limited exposure, such as single-dose surgical antibiotic 
prophylaxis, increases a patient’s risk of both C. difficile col­
onization82 and symptomatic disease.83 

Cancer chemotherapy is another risk factor for CDI that 
is, at least in part, mediated by the antimicrobial activity of 
several chemotherapeutic agents84,85 but could also be related 
to the immunosuppressive effects of neutropenia.86,87 Recent 
evidence suggests that C. difficile has become the most im­
portant pathogen causing bacterial diarrhea in US patients 
infected with human immunodeficiency virus (HIV), which 
suggests that these patients are at specific increased risk be­
cause of their underlying immunosuppression, exposure to 
antimicrobials, exposure to healthcare settings, or some com­
bination of those factors.88 Other risk factors for CDI include 
gastrointestinal surgery89 or manipulation of the gastrointes­
tinal tract, including tube feeding.90 Another potential and 
somewhat controversial risk factor is related to breaches in 
the protective effect of stomach acid that result from the use 
of acid-suppressing medications, such as histamine-2 blockers 
and proton pump inhibitors. Although a number of recent 
studies have suggested an epidemiologic association between 
use of stomach acid–suppressing medications, primarily pro­
ton pump inhibitors, and CDI,48,61,91-93 results of other well 
controlled studies have suggested this association is the result 
of confounding with the underlying severity of illness and 
duration of hospital stay.25,47,94 

Surveillance. There are few data on which to base a de­
cision about how best to perform surveillance for CDI, either 
in healthcare or community settings. Nonetheless, interim 
recommendations have been put forth that, although not 
evidence-based, could serve to make rates more comparable 
among different healthcare facilities and systems.95 There is 
a current need for all healthcare facilities that provide skilled 
nursing care to conduct CDI surveillance, and some local or 

regional systems may be interested in tracking emerging com­
munity-associated disease, particularly in view of the chang­
ing epidemiology of CDI. A recommended case definition for 
surveillance requires (1) the presence of diarrhea or evidence 
of megacolon and (2) either a positive laboratory diagnostic 
test result or evidence of pseudomembranes demonstrated by 
endoscopy or histopathology. If a laboratory only performs 
C. difficile diagnostic testing on stool from patients with di­
arrhea, this case definition should involve tracking of patients 
with a new primary positive assay result (ie, those with no 
positive result within the previous 8 weeks) or a recurrent 
positive assay result (ie, those with a positive result within 
the previous 2–8 weeks). 

It appears that many, if not most, patients who have the 
onset of CDI symptoms shortly after discharge from a health-
care facility (ie, within 1 month) acquired C. difficile while 
in the facility and that these case patients may have an im­
portant impact on overall rates. Nonetheless, it is not known 
whether tracking of healthcare-acquired, community-onset 
CDI (ie, postdischarge cases) is necessary to detect healthcare­
facility outbreaks or make meaningful comparisons between 
facilities.95 What is clear is that tracking CDI cases with symp­
tom onset at least 48 hours after inpatient admission is the 
minimum surveillance that should be performed by all 
healthcare facilities. In addition, if interfacility comparisons 
are to be performed, they should only be performed using 
similar case definitions. Because the risk of CDI increases 
with the length of stay, the most appropriate denominator 
for healthcare facility CDI rates is the number of patient-
days. If a facility notes an increase in the incidence of CDI 
from the baseline rate, or if the incidence is higher than in 
comparable institutions, surveillance data should be stratified 
by hospital location to identify particular wards or units 
where transmission is occurring more frequently, so that in­
tensified control measures may be targeted. In addition, mea­
sures should be considered for tracking severe outcomes, such 
as colectomy, intensive care unit admission, or death, attrib­
utable to CDI. Comparison of incidence rates between hos­
pitals in a given state or region could be more meaningful if 
rates are age-standardized (because the age distribution of 
inpatients may vary substantially between facilities) or are 
limited to specific age groups. 

A current surveillance definition for community-associated 
CDI is as follows: disease in persons with no overnight stay 
in an inpatient healthcare facility in at least the 12 weeks 
prior to symptom onset.10,95 A reasonable denominator for 
community-associated CDI is the number of person-years for 
the population at risk. 

Molecular typing. Molecular typing is an important tool 
for understanding a variety of aspects of the epidemiology of 
CDI. The molecular characterization of isolates is essential 
for understanding the modes of transmission and the settings 
where transmission occurs. As described above, molecular 
typing of strains can confirm a shift in the epidemiology of 
CDI. In addition, tracking certain strains and observing their 
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clinical behavior has assisted investigators in determining the 
importance of antimicrobial resistance and virulence factors 
in outbreaks of epidemic CDI. 

Current C. difficile typing measures depend on having ac­
cess to isolates recovered from patient stool specimens. Be­
cause of the popularity of using nonculture methods to di­
agnose C. difficile infection, such isolates often are not 
available, and this may hinder our further understanding of 
the epidemiology of CDI. It is, therefore, imperative that 
culture for C. difficile be performed for toxin-positive stool 
samples during outbreaks or in settings where the epidemi­
ology and/or severity of CDI is changing and is unexplained 
by the results of investigations in similar settings.96 Outbreaks 
of CDI in healthcare facilities are most often caused by trans­
mission of a predominant strain; cessation of the outbreak 
is usually accompanied by a decrease in strain relatedness 
among C. difficile isolates. Because of the clonality of C. dif­
ficile in outbreaks and in settings with high rates of endem­
icity, it may be difficult to draw conclusions about some 
aspects of the epidemiology of C. difficile. For example, cases 
of recurrent disease caused by a strain that is prevalent in a 
given healthcare facility may just as likely represent reinfec­
tion as relapse. 

C. difficile may be typed by a variety of methods. Current 
genetic methods for comparing strains include methods that 
examine polymorphisms after restriction endonuclease di­
gestion of chromosomal DNA, PCR-based methods, and se­
quence-based methods. DNA polymorphism–based methods 
include restriction endonuclease analysis,97 PFGE,98 and tox­
inotyping.99 PCR-based methods include arbitrarily-primed 
PCR,100 repetitive element sequence PCR,101 and PCR ribo­
typing.102 Sequence-based techniques consist presently of 
multilocus sequence typing103 and multilocus variable-num­
ber tandem-repeat analysis.104,105 A recent international com­
parative study of 7 different typing methods (multilocus se­
quence typing, multilocus variable-number tandem-repeat 
analysis, PFGE, restriction endonuclease analysis, PCR-ri­
botyping, amplified fragment-length polymorphism analysis, 
and surface layer protein A gene sequence typing) assessed 
the discriminatory ability and typeability of each technique, 
as well as the agreement among techniques in grouping iso­
lates according to allele profiles defined by toxinotype, the 
presence of the binary toxin gene, and deletion in the tcdC 
gene.106 All the techniques were able to distinguish the current 
epidemic strain of C. difficile (NAP1/BI/027) from other 
strains. Restriction endonuclease analysis, surface layer pro­
tein A gene sequence typing, multilocus sequence typing, and 
PCR ribotyping all included isolates that were toxinotype III, 
positive for binary toxin, and positive for an 18–base pair 
deletion in tcdC (ie, the current epidemic strain profile) in a 
single group that excluded other allelic profiles. 

i i .  what is  the best testing 
strategy to diagnose cdi  
in the clinical laboratory 
and what are acceptable options?  

Recommendations 

5. Testing for C. difficile or its toxins should be per­
formed only on diarrheal (unformed) stool, unless ileus 
due to C. difficile is suspected (B-II). 

6. Testing of stool from asymptomatic patients is not 
clinically useful, including use as a test of cure. It is not 
recommended, except for epidemiological studies (B-III). 

7. Stool culture is the most sensitive test and is essential 
for epidemiological studies (A-II). 

8. Although stool culture is not clinically practical be­
cause of its slow turnaround time, the sensitivity and spec­
ificity of stool culture followed by identification of a tox­
igenic isolate (ie, toxigenic culture), as performed by an ex­
perienced laboratory, provides the standard against which 
other clinical test results should be compared (B-III). 

9. Enzyme immunoassay (EIA) testing for C. difficile 
toxin A and B is rapid but is less sensitive than the cell 
cytotoxin assay, and it is thus a suboptimal alternative ap­
proach for diagnosis (B-II). 

10. Toxin testing is most important clinically, but is 
hampered by its lack of sensitivity. One potential strategy 
to overcome this problem is a 2-step method that uses EIA 
detection of glutamate dehydrogenase (GDH) as initial 
screening and then uses the cell cytotoxicity assay or tox­
igenic culture as the confirmatory test for GDH-positive 
stool specimens only. Results appear to differ based on the 
GDH kit used; therefore, until more data are available on 
the sensitivity of GDH testing, this approach remains an 
interim recommendation. (B-II) 

11. Polymerase chain reaction (PCR) testing appears to 
be rapid, sensitive, and specific and may ultimately address 
testing concerns. More data on utility are necessary before 
this methodology can be recommended for routine testing. 
(B-II) 

12. Repeat testing during the same episode of diarrhea 
is of limited value and should be discouraged (B-II). 

Evidence Summary 

Accurate diagnosis is crucial to the overall management of 
this nosocomial infection. Empirical therapy without diag­
nostic testing is inappropriate if diagnostic tests are available, 
because even in an epidemic environment, only approxi­
mately 30% of hospitalized patients who have antibiotic-as­
sociated diarrhea will have CDI.13 Efficiently and effectively 
making the diagnosis of CDI remains a challenge to the cli­
nician and the microbiologist. 

Since the original observations that C. difficile toxins are 
responsible for antibiotic-associated colitis, most diagnostic 
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tests that have been developed detect the toxin B and/or toxin 
A produced by C. difficile. Using an animal model and iso­
genic mutants of C. difficile, toxin B was demonstrated to be 
the primary toxin responsible for CDI.107 Initial tests were 
performed using cell culture cytotoxicity assays for toxin B. 
Subsequent tests have used antigen detection with EIA. Tests 
detecting C. difficile common antigen (ie, GDH) have been 
improved using EIA, compared with the older latex agglu­
tination assays.108-110 Because of cost and turnaround time, 
the focus of diagnostic testing has been on antibody-based 
tests to identify the toxins. These tests are also easier to per­
form in the clinical laboratory. The sensitivity of these tests 
is suboptimal when compared with more time-intensive 
methodologies. Furthermore, toxin EIAs have suboptimal 
specificity, which means that, because the great majority of 
diagnostic samples will not have toxin present, the positive 
predictive value of the results can be unacceptably low.111,112 

Culture followed by detection of a toxigenic isolate (ie, tox­
igenic culture) is considered the most sensitive methodology, 
but it routinely takes 2–3 days and could take up to 9 days 
to obtain results.113-115 Thus the optimal strategy to provide 
timely, cost-effective, and accurate results remains a subject 
of controversy. 

Specimen collection and transport. The proper labora­
tory specimen for the diagnosis of C. difficile infection is a 
watery, loose, or unformed stool promptly submitted to the 
laboratory.116,117 Except in rare instances in which a patient 
has ileus without diarrhea, swab specimens are unaccepta­
ble, because toxin testing cannot be done reliably. Because 
10% or more of hospitalized patients may be colonized with 
C. difficile,1,116 evaluating a formed stool for the presence of 
the organism or its toxins can decrease the specificity of the 
diagnosis of CDI. Processing a single specimen from a pa­
tient at the onset of a symptomatic episode usually is suf­
ficient. Because of the low increase in yield and the possi­
bility of false-positive results, routine testing of multiple stool 
specimens is not supported as a cost-effective diagnostic 
practice.118 

Detection by cell cytotoxicity assay. Detection of neu­
tralizable toxin activity in stools from patients with antibiotic-
associated colitis was the initial observation that led to the 
discovery that C. difficile is the causative agent of this infec­
tion.119 The presence or absence of the pathogenicity locus 
(PaLoc), a 19-kilobase area of the C. difficile genome that 
includes the genes for toxins A and B and surrounding reg­
ulatory genes, accounts for the fact that most strains of C. 
difficile produce either both toxins or neither toxin, although 
an increasing number of strains are found to lack production 
of toxin A.120 Numerous cell lines are satisfactory for detection 
of cytotoxin, but most laboratories use human foreskin fi­
broblast cells, on the basis of the fact that it is the most 
sensitive cell line for detecting toxin at low titer (1 : 160 or 
less).121 

Using a combination of clinical and laboratory criteria to 

establish the diagnosis of CDI, the sensitivity of cytotoxin 
detection as a single test for the laboratory diagnosis of this 
illness is reported to range from 67% to 100%.2,9,122 

Detection by EIA for toxin A or toxins A and B. Com­
mercial EIA tests have been introduced that either detect toxin 
A only or detect both toxins A and B. Compared with di­
agnostic criteria that included a clinical definition of diarrhea 
and laboratory testing that included cytotoxin and culture, 
the sensitivity of these tests is 63%–94%, with a specificity 
of 75%–100%. These tests have been adopted by more than 
90% of laboratories in the United States because of their ease 
of use and lower labor costs, compared with the cell cytotoxin 
assay. The toxin A/B assay is preferred because 1%–2% of 
strains in the United States are negative for toxin A.123 

Detection by culture. Along with cytotoxin detection, 
culture has been a mainstay in the laboratory diagnosis of 
CDI and is essential for the epidemiologic study of isolates. 
The description of a medium containing cycloserine, cefox­
itin, and fructose (CCFA medium) provided laboratories with 
a selective culture system for recovery of C. difficile.124 Ad­
dition of taurocholate or lysozyme can enhance recovery of 
C. difficile, presumably because of increased germination of 
spores.125 Optimal results require that culture plates be re­
duced in an anaerobic environment prior to use. The strains 
produce flat, yellow, ground glass–appearing colonies with a 
surrounding yellow halo in the medium. The colonies have 
a typical odor and fluoresce with a Wood’s lamp.115 Addi­
tionally, Gram stain of these colonies must show typical mor­
phology (gram-positive or gram-variable bacilli) for C. dif­
ficile. Careful laboratory quality control of selective media for 
isolation of C. difficile is required, as there have been varia­
tions in the rates of recovery with media prepared by differ­
ent manufacturers. With experience, visual inspection of bac­
terial colonies that demonstrate typical morphology on agar 
and confirmation by Gram stain usually is sufficient for a 
presumptive identification of C. difficile. Isolates not fitting 
these criteria can be further identified biochemically or by 
gas chromatography. 

Detection by tests for C. difficile common antigen (GDH). 
The initial test developed to detect GDH was a latex agglutinin 
assay. It had a sensitivity of only 58%–68% and a specificity 
of 94%–98%.2,122 The latex test for C. difficile–associated an­
tigen, therefore, is not sufficiently sensitive for the routine 
laboratory detection of CDI, even though it is rapid, relatively 
inexpensive, and specific. Use of this test provides no infor­
mation regarding the toxigenicity of the isolate, nor does it 
yield the isolate itself, which would be useful for epidemio­
logic investigations. 

Several assays for GDH have been developed using EIA 
methodology. These newer assays show a sensitivity of 85%– 
95% and a specificity of 89%–99%. Most importantly, these 
tests have a high negative predictive value, making them use­
ful for rapid screening, if combined with another method 
that detects toxin.126,127 Several 2-step algorithms have been 
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table 2. Summary of Infection Control Measures for the Prevention of Horizontal Transmission of Clostridium difficile 

Strength of 
Variable recommendation Reference(s) 

Hand hygiene A-II 
Contact precautions 

Glove use A-I Johnson et al150 

Gowns B-III 
Use of private rooms or cohorting C-III 
Environmental cleaning, disinfection, or use of disposables 

Disinfection of patient rooms and environmental surfaces B-II 
Disinfection of equipment between uses for patients C-III Brooks et al79 

Elimination of use of rectal thermometers B-II Mayfield et al,76 Wilcox et al78 

Use of hypochlorite (1,000 ppm available chlorine) for disinfection B-II 

developed that are based on the use of this test.110,115,126,128,129 

They all use the GDH test for screening in which a stool 
sample with a negative assay result is considered negative for 
the pathogen but a positive assay result requires further test­
ing to determine whether the C. difficile strain is toxigenic. 
The confirmatory test has primarily been a cell cytotoxin 

110,115,129 assay. It is also possible to use a toxin A/B EIA or 
culture with cytotoxin testing as the confirmatory test, al­
though the limited sensitivity of the toxin EIA is problematic. 
One of the more recent studies performed 2-step testing of 
5,887 specimens at 2 different hospitals. The GDH test result 
was positive for 16.2% of specimens at one hospital and 
24.7% of specimens at the other. Therefore, 75%–85% of the 
samples did not require that a cell cytotoxin assay be per­
formed, at a cost savings of between $5,700 and $18,100 per 
month.110 Another recent study tested 439 specimens using 
GDH screening with cell cytotoxicity assay for confirma­
tion.130 The comparator test in this study was culture with 
cell cytotoxin assay. The GDH test identified all samples that 
were culture positive. The sensitivity of the 2-step algorithm 
was 77%, and the sensitivity of culture was 87%. Another 
recent study comparing GDH EIA with culture, PCR, and 
toxin EIA found that only 76% of specimens that were culture 
positive for C. difficile and only 32% of culture-positive spec­
imens in which toxin genes were detected tested positive for 
GDH using an insensitive confirmatory toxin A assay.130 Al­
though most studies have shown a high negative predictive 
value for the GDH assay, some studies have questioned its 
sensitivity. PCR tests for toxigenic C. difficile in stool samples 
are now available commercially from several manufacturers, 
and this may be a more sensitive and more specific approach, 
but more data on utility are necessary before this method­
ology can be recommended for routine testing. Currently 
there is no testing strategy that is optimally sensitive and 
specific and, therefore, clinical suspicion and consideration 
of the patient risk factors are important in making clinical 
decisions about whom to treat. 

Other test methodologies. Pseudomembranous colitis can 
only be diagnosed by direct visualization of pseudomembranes 
on lower gastrointestinal endoscopy (either sigmoidoscopy or 

colonoscopy) or by histopathologic examination. However, di­
rect visualization using any of these techniques will detect 
pseudomembranes in only 51%–55% of CDI cases that are 
diagnosed by combined clinical and laboratory criteria that 
include both a culture positive for C. difficile and a positive 
stool cytotoxin test result.9 Pseudomembranous colitis has 
been used as a marker of severe disease, as has CT scanning. 
Abdominal CT scanning may facilitate the diagnosis of CDI 
but this methodology is neither sensitive nor specific.13 

i i i .  what are the most important 
infection control measures 
to implement in the hospital 
during an outbreak of cdi?  

A. Measures for Healthcare Workers, Patients, and Visitors 

Recommendations 

13. Healthcare workers and visitors must use gloves 
(A-I) and gowns (B-III) on entry to a room of a patient 
with CDI. 

14. Emphasize compliance with the practice of hand 
hygiene (A-II). 

15. In a setting in which there is an outbreak or an 
increased CDI rate, instruct visitors and healthcare workers 
to wash hands with soap (or antimicrobial soap) and water 
after caring for or contacting patients with CDI (B-III). 

16. Accommodate patients with CDI in a private room 
with contact precautions (B-III). If single rooms are not 
available, cohort patients, providing a dedicated commode 
for each patient (C-III). 

17. Maintain contact precautions for the duration of 
diarrhea (C-III). 

18. Routine identification of asymptomatic carriers for 
infection control purposes is not recommended (A-III) and 
treatment of such identified patients is not effective (B-I). 

Evidence Summary 

Prevention of C. difficile acquisition can be categorized into 
2 strategies: preventing horizontal transmission, to minimize 
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exposure; and decreasing the risk factors for patients to de­
velop C. difficile infection, if exposure has occurred.131 This 
section will focus on prevention of horizontal transmission. 
There are 3 ways in which patients may be exposed to C. 
difficile in the hospital milieu: (1) by contact with a healthcare 
worker with transient hand colonization, (2) by contact with 
the contaminated environment, or (3) by direct contact with 
a patient with CDI. The rate of acquisition during hospital­
ization increases linearly with time and can be as high as 40% 
after 4 weeks of hospitalization.132 There may not be a single 
method that is effective in minimizing exposure to C. difficile, 
and a multifaceted approach is usually required.133-136 Differ­
ent methods may be more or less effective in different in­
stitutions, depending on the local epidemiology and the avail­
able resources (Table 2). 

Hand hygiene. Hand hygiene is considered to be one of 
the cornerstones of prevention of nosocomial transmission 
of C. difficile, as it is for most nosocomial infections. Several 
studies have documented the reduction of rates of hospital-
acquired infection by improvement in the compliance with 
hand washing by healthcare workers between episodes of 
contact with patients.137 Unfortunately, many studies have 
also documented low rates of hand washing by healthcare 
workers.137,138 The advent of alcohol-based hand antiseptics 
was greeted with great optimism as a breakthrough for im­
proving compliance with hand hygiene.139,140 These alcohol-
based antiseptics are popular because of their effectiveness in 
reducing hand carriage of most vegetative bacteria and many 
viruses, their ease of use at the point of care, and their ability 
to overcome the relative inaccessibility of hand washing fa­
cilities in many institutions. 

However, C. difficile, in its spore form, is also known to 
be highly resistant to killing by alcohol.141 Indeed, exposing 
stool samples to ethanol in the laboratory facilitates isolation 
of C. difficile from these specimens.142 Therefore, healthcare 
workers who decontaminate their hands with alcohol-based 
products may simply displace spores over the skin surface, 
as opposed to physically removing C. difficile spores by me­
chanical washing with soap and running water. This could 
potentially increase the risk of transferring this organism to 
patients under their care. Several studies have not demon­
strated an association between the use of alcohol-based hand 
hygiene products and increased incidence of CDI. Gordin et 
al143 assessed the impact of using an alcohol-based hand rub 
on rates of infection with methicillin-resistant Staphylococcus 
aureus, vancomycin-resistant Enterococcus, and CDI 3 years 
before and after implementation. After implementation, a 
21% reduction was observed in the rate of methicillin-resis­
tant S. aureus infection, and a 41% decrease in the rate of 
vancomycin-resistant Enterococcus infection. The incidence of 
CDI was essentially unchanged and did not increase with the 
implementation of alcohol-based hand rub. 

A recent study compared use of alcohol-based products 
with other methods of hand hygiene.144 This study assessed 
the efficacy of different hand washing methods for removal 

of a nontoxigenic strain of C. difficile. Although there is a 
theoretical potential for alcohol-based hand hygiene products 
to increase the incidence of CDI because of their relative 
ineffectiveness at eliminating spores from the hands, there 
has not been any clinical evidence to support this thus far. 

McFarland et al1 suggested that chlorhexidine containing 
antiseptic was more effective than plain soap for removing 
C. difficile from the hands of healthcare workers. They found 
that C. difficile persisted on the hands of 88% of personnel 
(14 of 16) who had washed with plain soap (as determined 
by culture). Washing with 4% chlorhexidine gluconate re­
duced the rate to 14% (1 of 7 personnel). Another study 
involving experimental hand seeding with C. difficile showed 
no difference between bland soap and chlorhexidine gluco­
nate in removing C. difficile from hands.145 

Contact precautions. The use of additional isolation 
techniques (contact precautions, private rooms, and cohort­
ing of patients with active CDI) has been employed for control 
of outbreaks, with varied success.28,146-148 Contact precautions 
include the donning of gowns and gloves when caring for 
patients with CDI.149 These measures are based on the premise 
that patients with active CDI are the primary reservoir for 
spread of disease within the institution. There is ample evi­
dence for the contamination of personnel’s hands with C. 
difficile spores.1,66 Hence, the use of gloves in conjunction 
with hand hygiene should decrease the concentration of C. 
difficile organisms on the hands of healthcare personnel. A 
prospective controlled trial of vinyl glove use for handling 
body substances showed a significant decline in CDI rates, 
from 7.7 cases per 1,000 discharges before institution of glove 
use to 1.5 cases per 1,000 discharges after institution of glove 

).150use (P p .015 In addition, the use of gowns has been 
promoted because of potential soiling and contamination of 
the uniforms of healthcare personnel with C. difficile. C. dif­
ficile has been detected on nursing uniforms, but a study 
found no evidence of the uniforms being a source of trans­
mission to patients.151 

Cartmill and colleagues136 achieved a reduction in the num­
ber of new C. difficile cases by using an aggressive policy of 
increasing the number of diarrheal stools cultured for C. 
difficile, instituting contact precautions early, treating CDI 
patients with vancomycin, and disinfecting environmental 
surfaces with a hypochlorite solution. Placing the focus for 
control measures on clinically symptomatic patients with CDI 
was successful in this institution, which supports the hy­
pothesis that patients with diarrhea, who are known to have 
the highest number of organisms in their stools and in their 
immediate hospital environment, are the most likely source 
of nosocomial transmission. 

Facilities. Improving the hospital layout can enhance the 
effectiveness of infection control measures. In a cohort study 
of nosocomial acquisition of CDI, there were higher acqui­
sition rates in double rooms than in single rooms (17% vs 
7%; P p .08) and a significantly higher risk of acquisition 
after exposure to a roommate with a positive culture result.1 
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The importance of adequate hospital facilities was highlighted 
in a study comparing CDI rates in 2 Norwegian hospitals.152 

These 2 hospitals were comparable in size and had similar 
clinical departments. However, the hospitals differed in their 
physical infrastructure, bed occupancy rate, and antibiotic 
utilization pattern. The older hospital had fewer single rooms 
and a higher bed occupancy rate but a lower rate of use of 
broad-spectrum antibiotics, compared with the modern hos­
pital. The incidence of CDI was lower in the modern hospital 
than in the older hospital. However, this study was limited 
by a lack of description of patient demographic characteristics 
and other risk factors that may impact CDI rates. Further­
more, there may have been a higher rate of case finding in 
the older institution than in the modern hospital, because 
the incidence of patient testing was consistently higher in the 
older hospital during the study period. 

In a systematic review of the architecture of hospital fa­
cilities and nosocomial infection rates, there was a lack of 
compelling evidence that a reduction in nosocomial infections 
could be attributable to improvement in hospital patient 
rooms.153 In 8 studies reviewed, 3 studies documented a sta­
tistically significant decrease in the incidence of nosocomial 
infections after the architectural intervention, whereas 5 stud­
ies showed no difference.153 It is difficult to assess the effect 
of improvements in hospital design and renovation on the 
incidence of nosocomial infections. These studies are often 
nonrandomized, historical cohort studies that examine the 
incidence of specific nosocomial infections before and after 
the intervention. The American Institute of Architects rec­
ommends single-patient rooms in new construction, as well 
as in renovations.154 

Healthcare worker carriage. Cases of nosocomial ac­
quisition of C. difficile by healthcare workers have been 
reported.155,156 Two prospective studies indicate, however, 
that C. difficile poses little risk to the healthcare worker. In 
a 1-year prospective case-control study in which 149 patients 
with CDI were identified, rectal swab specimens from 68 per­
sonnel (54 nurses and 14 physicians) revealed only 1 em­
ployee (1.5%) colonized with C. difficile.9 A colonization rate 
of 1.7% was found among medical house staff.157 Therefore, 
it is rare that healthcare workers acquire C. difficile; never­
theless, they can serve as primary transmitters of C. difficile 
by way of transient hand contamination. 

Identification and treatment of asymptomatic patient car­
riers. In institutions with higher rates of CDI (7.8–22.5 
cases per 1,000 discharges), the number of asymptomatically 
colonized patients has been found to be considerably higher 
than the number with CDI.1,150,158 The rationale for identifying 
and treating these asymptomatic patients is that they poten­
tially serve as a reservoir for horizontal spread of C. difficile 
to other patients, either by way of the environment or by 
way of the hands of medical personnel. Delmee et al159 dem­
onstrated a significant reduction in new C. difficile infections 
in a leukemia unit after institution of oral vancomycin treat­
ment (500 mg 4 times daily for 7 days) for asymptomatically 

colonized patients, combined with extensive environmental 
renovation and cleaning. In contrast, metronidazole therapy 
was ineffective in reducing the incidence of CDI when ad­
ministered to all C. difficile carriers in a chronic-care facility, 
even when contact precautions and antibiotic restriction were 
used concurrently.160 

One prospective trial showed no significant reduction in 
the incidence of C. difficile carriage after therapy with oral 
metronidazole, compared with placebo, whereas 9 of 10 pa­
tients treated with vancomycin became culture negative for 
C. difficile after treatment.161 On day 70 of follow-up, however, 
4 of 6 patients who had initial clearance with vancomycin 
treatment were positive for C. difficile (including 1 patient 
who developed CDI), whereas only 1 of 9 placebo-treated 
patients remained positive for the pathogen ( P ! .05). 

Thus, treatment of asymptomatic C. difficile carriers is ef­
fective when vancomycin is used, but patients treated with 
vancomycin may be at increased risk for reinfection or pro­
longed carriage after treatment is stopped. The efficacy of 
using vancomycin treatment for asymptomatic carriers as a 
control measure to interrupt hospital transmission has not 
been established. Similarly, it has been suggested that iden­
tification of asymptomatic carriers and institution of more 
stringent barrier precautions may be useful in interrupting 
an outbreak, but there are no available data to support such 
a measure. 

B. Environmental Cleaning and Disinfection 

Recommendations 

19. Identification and removal of environmental sources 
of C. difficile, including replacement of electronic rectal 
thermometers with disposables, can reduce the incidence 
of CDI (B-II). 

20. Use chlorine-containing cleaning agents or other 
sporicidal agents to address environmental contamination 
in areas associated with increased rates of CDI (B-II). 

21. Routine environmental screening for C. difficile is 
not recommended (C-III). 

Evidence Summary 

The true extent of the contribution of the healthcare environ­
ment to infection transmission remains controversial. How­
ever, for bacteria that resist desiccation, there is much evidence 
that the environment is an important source of nosocomial 
infection.162 C. difficile spores can survive in the environment 
for months or years and can be found on multiple surfaces in 
the healthcare setting.1,66,163,164 The rate of recovery of C. difficile 
from the environment is increased if media that encourage 
spore germination—for example, media containing lyso­
zyme—are used.125 Interestingly, epidemic strains of C. difficile 
have a greater sporulation capacity in vitro than do nonout­
break strains.165 Studies have found that the rate of environ­
mental contamination by C. difficile increases according to the 
carriage and symptom status of the patient(s): it was lowest in 
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rooms of culture-negative patients (fewer than 8% of rooms), 
intermediate in rooms of patients with asymptomatic C. difficile 
colonization (8%–30% of rooms), and highest in rooms of 
patients with CDI (9%–50% of rooms).1,164 Also, a study found 
that the incidence of C. difficile infection correlated significantly 
with the environmental prevalence of C. difficile on one hospital 
ward ( r p 0.76 ; P ! .05) but not another ( r p 0.26; P 1 .05), 
possibly because of confounding factors.77 Environmental 
contamination has been linked to the spread of C. difficile by 
way of contaminated commodes,1,75,77 blood pressure cuffs,166 

and oral and rectal thermometers.79,167,168 Replacement of elec­
tronic thermometers with single-use disposable thermome­
ters has been associated with significant reductions in CDI 
incidence.79,167,168 

There is evidence that the environmental prevalence of C. 
difficile can affect the risk of CDI, and may not simply reflect 
the prevalence of symptomatic disease. Samore and col­
leagues75 showed that the environmental prevalence of C. dif­
ficile correlated with the extent of contamination of healthcare 
workers hands by this bacterium. Furthermore, there are sev­
eral reports that interventions to reduce environmental con­
tamination by C. difficile have decreased the incidence of 
infection.76,78 Kaatz and colleagues169 found that phosphate 
buffered hypochlorite (1,600 ppm available chlorine; pH, 7.6) 
was more effective than unbuffered hypochlorite (500 ppm 
available chlorine) at reducing environmental levels of C. 
difficile. Introduction of cleaning with a hypochlorite-based 
solution (5,000 ppm available chlorine) was also associated 
with reduced incidence of CDI in a bone marrow transplant 
unit where there was a relatively high infection rate.76 The 
incidence of CDI increased almost to the baseline level after 
the reintroduction of use of the original quaternary ammo­
nium compound cleaning agent. However, the environmental 
prevalence of C. difficile was not measured in this study, and 
the results were not reproducible with patients on other units, 
possibly because of the low prevalence of infection. Wilcox 
et al78 used a 2-year crossover study design to demonstrate a 
significant correlation between the use of a cleaning agent 
containing chlorine (dichloroisocyanurate; 1,000 ppm avail­
able chlorine) and a reduction in the incidence of CDI on 1 
of the 2 hospital wards that were examined. Although it is 
likely that higher concentrations of available chlorine within 
the range of 1,000–5,000 ppm are more reliably sporicidal 
than lower concentrations, the potential disadvantages (eg, 
causticity to surfaces, complaints from personnel about the 
odor, and possible hypersensitivity) should be balanced 
against the potential advantages in particular settings (eg, 
environmental cleaning interventions may have their greatest 
impact in settings with the highest baseline rates). Therefore, 
depending on such factors, the concentration of available 
chlorine should be at least 1,000 ppm and may ideally be 
5,000 ppm. A recent report highlighted the use of vaporized 
hydrogen peroxide to reduce the level of environmental con­
tamination by C. difficile. The prevalence of C. difficile was 
significantly reduced (to a recovery level of 0) after hydrogen 

peroxide use, albeit from a low level (5%), possibly because 
of former hypochlorite based cleaning; the incidence of CDI 
decreased, although not significantly.170 Unfortunately, prac­
tical considerations (the need to seal rooms and to have access 
to specialized equipment) and the cost limit the applicability 
of this approach to environmental decontamination. 

A wide range of disinfectants suitable for decontamination 
of instruments (eg, endoscopes) or the environment have in 

141,165,171-173 vitro activity against C. difficile spores. With the 
exceptions noted above, comparative data on the in situ ef­
ficacy of these disinfection options are lacking. The efficacy 
of cleaning is critical to the success of decontamination in 
general, and thus user acceptability of disinfection regimens 
is a key issue. Endoscopes have not been implicated in the 
transmission of C. difficile, but spread by means of this mech­
anism is preventable by careful cleaning and disinfection with 
2% alkaline glutaraldehyde.171 In vitro data show greater C. 
difficile sporicidal activity as the concentration of free chlorine 
increases with acidified bleach, but practical issues may limit 
the use of such products for routine cleaning. A study found 
that working-strength concentrations of 5 different cleaning 
agents inhibited growth of C. difficile cultures in vitro.165 How­
ever, only chlorine-based cleaning agents used at the rec­
ommended working concentrations were able to inactivate 
C. difficile spores. Also, in vitro exposure of epidemic C. dif­
ficile strains, including NAP1/BI/027, to subinhibitory con­
centrations of non–chlorine-based cleaning agents (detergent 
or hydrogen peroxide) significantly increased sporulation ca­
pacity; this effect was generally not seen with chlorine-based 
cleaning agents.125,167 These observations suggest the possi­
bility that some cleaning agents, if allowed to come into con­
tact with C. difficile in low concentrations, could promote 
sporulation and, therefore, the persistence of the bacterium 
in the environment. 

Use of chlorine-containing cleaning products presents 
health and safety concerns, as well as compatibility challenges 
that need to be assessed for risk. However, current evidence 
supports the use of chlorine-containing cleaning agents (with 
at least 1,000 ppm available chlorine), particularly to address 
environmental contamination in areas associated with en­
demic or epidemic CDI. Routine bacteriological surveillance 
of the environment is generally unhelpful, largely because it 
has not been possible to establish threshold levels associated 
with increased risk of clinical infection, but it may be useful 
for ascertaining whether cleaning standards are suboptimal, 
notably in a setting experiencing an outbreak or where C. 
difficile is hyperendemic. 

C. Antimicrobial Use Restrictions 

Recommendations 

22. Minimize the frequency and duration of antimicro­
bial therapy and the number of antimicrobial agents pre­
scribed, to reduce CDI risk (A-II). 

23. Implement an antimicrobial stewardship program 
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(A-II). Antimicrobials to be targeted should be based on 
the local epidemiology and the C. difficile strains present, 
but restricting the use of cephalosporin and clindamycin 
(except for surgical antibiotic prophylaxis) may be partic­
ularly useful (C-III). 

Evidence Summary 

Most studies have determined that the great majority of pa­
tients with CDI have had prior exposure to antimicrobial 
agents. In a recent study, 85% of patients with CDI had 
received antibacterial therapy within the 28 days prior to the 
onset of symptoms.174 The widespread use of antimicrobial 
agents and the propensity for polypharmacy means that the 
accurate quantification of the CDI risk associated with specific 
antibiotics is very difficult. An greater number of antimicro­
bial agents administered, a greater number of doses, and a 
greater duration of administration have been associated with 
increased risk of CDI.9,89,158,175-177 Antibiotic risk studies and 
prescribing intervention studies frequently do not consider 
exposure to C. difficile when assessing outcomes. Thus, efforts 
to demonstrate the effects of restriction of antibiotics may 
be confounded by infection control interventions that affect 
the risk of acquiring C. difficile. 

Limitation or restriction of use of antimicrobial agents that 
are found to be associated with increased CDI rates is an 
intuitively attractive approach to reducing infection rates. 
However, there are few sound studies that clearly demonstrate 
the successful implementation of antibiotic prescribing in­
terventions, notably in terms of their effectiveness at reducing 
CDI. A recent Cochrane systematic review by Davey and col­
leagues178 examined the effectiveness of interventions to im­
prove antibiotic prescribing practices for hospital inpatients. 
It analyzed relevant randomized and quasi-randomized con­
trolled trials, controlled before-and-after studies, and inter­
rupted time-series studies (with at least 3 data points before 
and after implementation of the intervention). Of 66 iden­
tified intervention studies that contained interpretable data, 
5 (all interrupted time-series) reported outcome data re­
garding occurrence of CDI.179-183 Three of these found sig­
nificant reductions in CDI incidence,179-181 and 2 interrupted 
time-series showed weak or nonsignificant evidence for a de­
crease in incidence.182,183 

Climo et al180 observed a sustained decrease in the incidence 
of CDI after the prescribing of clindamycin was restricted 
(11.5 cases per month prior to restriction, compared with 
3.33 cases per month after restriction; P ! .001 ). By contrast, 
the incidence of CDI was increasing by 2.9 cases per quarter 
before the restriction of clindamycin use. Similarly, Pear and 
colleagues179 found that, before clindamycin restriction, the 
CDI rate was increasing (mean incidence, 7.7 cases per 
month; P ! .001 ), and after restriction the incidence suddenly 
decreased (mean incidence, 3.68 cases per month (P p 
.041 ), and there was a sustained reduction averaging 0.32 
cases per month ( P p .134). Furthermore, regression analysis 
showed a significant relationship between the amount of clin­

damycin being prescribed per unit time and the incidence of 
CDI. Carling et al181 examined the effectiveness of an anti­
microbial management team that focused on 3 interventions 
to alter prescribing patterns: choice, shorter duration of an­
tibiotic therapy (ie, stop therapy after 2–3 days if there was 
no confirmed infection), and switching from intravenous to 
oral formulations. Prescribing of third-generation cephalo­
sporins (and aztreonam) was targeted, and over 6 years it 
decreased from 24.7 to 6.2 defined daily doses per 1,000 pa­
tient-days ( P ! .0001 ). The multidisciplinary antibiotic stew­
ardship program had no impact on the prevalence rates of 
vancomycin-resistant Enterococcus infection or methicillin­
resistant S. aureus infection but did significantly reduce the 
rates of CDI ( P p .002) and antibiotic-resistant gram-neg­
ative bacterial infections ( P p .02). 

However, it is important to emphasize that, for a significant 
decrease in the incidence of CDI to be realized, reducing the 
use of antimicrobial agents that are associated with a high 
CDI risk is necessary, as opposed to simply making lower-
risk agents available on the formulary. One study found that 
introduction of piperacillin-tazobactam onto the formulary 
for a large Elderly Medicine unit was not associated with a 
significant reduction in the CDI rate.184 However, once ce­
fotaxime was replaced by piperacillin-tazobactam, CDI rates 
decreased in 4 of 5 wards and overall by 52% ( P ! .008). 
Unintentional restriction of piperacillin-tazobactam, conse­
quent to manufacturing difficulties, led to a 5-fold rise in 
cefotaxime prescribing, and CDI rates increased from 2.2 to 
5.1 cases per 100 admissions ( P ! .01 ). Similar observations 
that a piperacillin-tazobactam shortage led to increased pre­
scribing of cephalosporins (ceftriaxone and cefotetan) and 
higher CDI rates have also been reported elsewhere.185 

As reports of increasing incidence and more-severe CDI 
associated with the highly fluoroquinolone-resistant NAP1/ 
BI/027 strain continue to mount, several investigators have 
addressed the issue of antimicrobial restriction as a means of 
controlling this strain. A reduction in overall antimicrobial 
use has played a role in controlling at least 2 large institutional 
outbreaks caused by this strain.48,186 However, other outbreaks 
appear to have come under control through the application 
of infection control measures alone.25 There are limited data 
on whether restriction of a specific fluoroquinolone, or re­
striction of the entire class, can favorably impact increased 
rates of CDI due to NAP1/BI/027. In an early single-hospital 
outbreak caused by NAP1/BI/027 and reported by Gaynes et 
al,187 it appeared that a switch from levofloxacin to gatiflox­
acin as the formulary drug of choice precipitated the out­
break; when the formulary drug of choice was switched back 
to levofloxacin, the outbreak ceased. Moreover, a case-control 
study showed an association between CDI and gatifloxacin 
exposure, leading the authors to propose that gatifloxacin is 
a higher-risk antimicrobial than levofloxacin. However, in a 
similar scenario in which an outbreak occurred following a 
formulary switch from levofloxacin to moxifloxacin as the 
drug of choice, reverting to levofloxacin was not associated 
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with a decrease in CDI.188 Given that the NAP1/BI/027 strain 
has increased resistance to fluoroquinolones as a class, rather 
than to one specific agent, it is unlikely that restricting the 
use of a specific fluoroquinolone would reduce CDI rates to 
the same level that could be achieved if use of all members 
of the class were restricted. Nonetheless, there is currently 
insufficient evidence to recommend restriction of use of a 
specific fluoroquinolone or the fluoroquinolone class for the 
control of CDI, other than as part of a reduction in overall 
antimicrobial use.186 

D. Use of Probiotics 

Recommendation 

24. Administration of currently available probiotics is 
not recommended to prevent primary CDI, as there are 
limited data to support this approach and there is a po­
tential risk of bloodstream infection (C-III). 

Evidence Summary 

For many years, administration of probiotics has been ad­
vocated as a preventive measure for patients receiving anti­
biotics. Until recently, no individual study had shown pro­
biotics to be effective in the prevention of CDI. It is doubtful 
whether meta-analyses are acceptable, given the diversity of 
probiotics used in various studies. Additional problems are 
the lack of standardization of such products, variations in the 
bacterial counts in such products according to the duration 
of storage, and the possibility of inducing bacteremia or fun­
gemia. A recent randomized trial showed, for the first time, 
that ingestion of a specific brand of yogurt drink containing 
Lactobacillus casei, Lactobacillus bulgaricus, and Streptococcus 
thermophilus reduced the risk of CDI in patients more than 
50 years of age who were prescribed antibiotics and were able 
to take food and drink orally.189 However, this conclusion was 
based on a small number of patients in a highly selected 
population that excluded patients receiving high-risk anti­
biotics. There was also an extraordinarily high rate of CDI 
among patients in the placebo group, who were given a milk-
shake in place of the yogurt drink (9 of 53 patients in the 
placebo group developed CDI, compared with 0 of 56 pa­
tients in the intervention group). The Expert Panel believes 
that larger trials are required before this practice can be 
recommended. 

iv.  does the choice of drug 
for treatment of cdi  matter 
and,  if  so,  which patients should be 
treated and with which agent?  

Recommendations 

25. Discontinue therapy with the inciting antimicrobial 
agent(s) as soon as possible, as this may influence the risk 
of CDI recurrence (A-II). 

26. When severe or complicated CDI is suspected, ini­

tiate empirical treatment as soon as the diagnosis is sus­
pected (C-III). 

27. If the stool toxin assay result is negative, the decision 
to initiate, stop, or continue treatment must be individ­
ualized (C-III). 

28. If possible, avoid use of antiperistaltic agents, as they 
may obscure symptoms and precipitate toxic megacolon 
(C-III). 

29. Metronidazole is the drug of choice for the initial 
episode of mild-to-moderate CDI. The dosage is 500 mg 
orally 3 times per day for 10–14 days. (A-I) 

30. Vancomycin is the drug of choice for an initial ep­
isode of severe CDI. The dosage is 125 mg orally 4 times 
per day for 10–14 days. (B-I) 

31. Vancomycin administered orally (and per rectum, if 
ileus is present) with or without intravenously adminis­
tered metronidazole is the regimen of choice for the treat­
ment of severe, complicated CDI. The vancomycin dosage 
is 500 mg orally 4 times per day and 500 mg in approx­
imately 100 mL normal saline per rectum every 6 hours 
as a retention enema, and the metronidazole dosage is 500 
mg intravenously every 8 hours. (C-III) 

32. Consider colectomy for severely ill patients. Moni­
toring the serum lactate level and the peripheral blood 
white blood cell count may be helpful in prompting a 
decision to operate, because a serum lactate level rising to 
5 mmol/L and a white blood cell count rising to 50,000 
cells per mL have been associated with greatly increased 
perioperative mortality. If surgical management is neces­
sary, perform subtotal colectomy with preservation of the 
rectum. (B-II) 

33. Treatment of the first recurrence of CDI is usually 
with the same regimen as for the initial episode (A-II) but 
should be stratified by disease severity (mild-to-moderate, 
severe, or severe complicated), as is recommended for 
treatment of the initial CDI episode (C-III). 

34. Do not use metronidazole beyond the first recur­
rence of CDI or for long-term therapy because of potential 
for cumulative neurotoxicity (B-II). 

35. Treatment of the second or later recurrence of CDI 
with vancomycin therapy using a tapered and/or pulse reg­
imen is the preferred next strategy (B-III). 

36. No recommendations can be made regarding pre­
vention of recurrent CDI in patients who require continued 
antimicrobial therapy for the underlying infection (C-III). 

Evidence Summary 

For 25 years, metronidazole and oral vancomycin have been 
the main antimicrobial agents used in the treatment of CDI. 
Two randomized controlled trials conducted in the 1980s and 
1990s that compared metronidazole therapy and vancomycin 
therapy found no difference in outcomes but included fewer 
than 50 patients per study arm.190,191 Fusidic acid or bacitracin 
have not been widely adopted for treatment, partially because 
comparative studies showed a trend toward higher frequency 
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of recurrence of CDI or lower efficacy.191,192 Treatment with 
teicoplanin is probably not inferior to treatment with met­
ronidazole or vancomycin, but this drug remains unavailable 
in the United States.193 Vancomycin is the only agent with an 
indication for CDI from the US Food and Drug Adminis­
tration. The use of vancomycin for initial treatment of CDI 
markedly decreased following the 1995 Centers for Disease 
Control and Prevention’s recommendation that the use of 
vancomycin in hospitals be reduced, to decrease the selection 
pressure for the emergence of vancomycin-resistant entero­
cocci.194 Since then, metronidazole has generally been rec­
ommended for first-line treatment of CDI, with oral van­
comycin being used mainly after metronidazole is found to 
be ineffective or if it is contraindicated or not well toler­
ated.13,14,195 Prospective trials of metronidazole (and vanco­
mycin) therapy have not compared regimens with durations 
longer than 10 days. However, it is recognized that some pa­
tients may respond slowly to treatment and may require a 
longer course (eg, 14 days). The oral formulation of vanco­
mycin is much more expensive than metronidazole, and to 
reduce costs, some hospitals use the generic intravenous for­
mulation of vancomycin for oral administration. Some pa­
tients report a bad taste after taking this intravenous formu­
lation by mouth. 

Recent reports from Canada and the United States, in the 
context of the emergence of a hypervirulent strain of C. dif­
ficile, have prompted a reassessment of the comparative ef­
ficacy of metronidazole and vancomycin, especially when 
used to treat patients with severe CDI, primarily on the basis 
of studies done prior to the emergence of the epidemic strain. 
When administered orally, metronidazole is absorbed rapidly 
and almost completely, with only 6%–15% of the drug ex­
creted in stool. Fecal concentrations of metronidazole likely 
reflect its secretion in the colon, and concentrations decrease 
rapidly after treatment of CDI is initiated: the mean concen­
tration is 9.3 mg/g in watery stools but only 1.2 mg/g in formed 
stools.196 Metronidazole is undetectable in the stool of asymp­
tomatic carriers of C. difficile.161 Consequently, there is little 
rationale for administration of courses of metronidazole 
longer than 14 days, particularly if diarrhea has resolved. In 
contrast, vancomycin is poorly absorbed, and fecal concen­
trations following oral administration (at a dosage of 125 mg 
4 times per day) reach very high levels: 64–760 mg/g on day 
2 and 152–880 mg/g on day 4.197 Doubling the dosage (250 
mg 4 times per day) may result in higher fecal concentra­
tions on day 2.198 Fecal levels of vancomycin are maintained 
throughout the duration of treatment. Given its poor absorp­
tion, orally administered vancomycin is relatively free of sys­
temic toxicity. 

Historically, metronidazole resistance in C. difficile has been 
rare; minimal inhibitory concentrations (MICs) of nearly all 
strains have been less than or equal to 2.0 mg/L.199-203 In a 
recent report from Spain, the MIC90 of 415 isolates was 4.0 
mg/L, and 6.3% of isolates had metronidazole MICs of 32 
mg/L or higher.204 These levels of resistance have not been 

reported elsewhere. In the United Kingdom, recently recov­
ered isolates belonging to ribotype 001 had geometric mean 
MICs of 5.94 mg/mL, compared with 1.03 mg/mL for historic 
isolates (recovered before 2005) of the same ribotype.205 There 
is no evidence that the epidemic NAP1/BI/027 strain is more 
resistant to metronidazole than are nonepidemic strains or 
historic isolates.25,206 However, given the relatively low fecal 
concentrations achieved with metronidazole, even a modest 
decrease in susceptibility might be clinically relevant, and 
continued surveillance for metronidazole resistance will be 
important. The MIC90 of vancomycin against C. difficile is 
1.0–2.0 mg/mL, and the highest MIC ever reported is 16 mg/ 
mL,200-203,207 but considering the high fecal concentrations 
achieved with oral vancomycin, emergence of resistance is 
likely not a concern. 

Three main outcomes should be considered when evalu­
ating drugs used in the treatment of CDI: time to symptom 
resolution (or the proportion of patients who respond within 
7–10 days); recurrences after initial symptom resolution; and 
the frequency of major complications, such as death within 
30 days of diagnosis, hypovolemic or septic shock, megaco­
lon, colonic perforation, emergency colectomy, or intensive 
care unit admission. 

Treatment of a first episode of CDI. Three factors may 
indicate a severe or complicated course and should be con­
sidered when initiating treatment: age, peak white blood cell 
count (leukocytosis), and peak serum creatinine level.25,80 

The influence of greater age probably reflects a senescence 
of the immune response against C. difficile and its toxins, and 
greater age has been consistently related to all adverse out­
comes. Leukocytosis likely reflects the severity of colonic in­
flammation; complications are more common among pa­
tients who had leukocytosis with a white blood cell count of 
15,000 cells/mL or higher than among patients with a normal 
white blood cell count, and the course of the disease is tru­
ly catastrophic in patients with a white blood cell count of 
50,000 cells/mL or higher.208 An elevated serum creatinine lev­
el may indicate severe diarrhea with subsequent dehydration 
or inadequate renal perfusion. 

The time to resolution of diarrhea might be shorter with 
vancomycin than with metronidazole therapy.209 A recent ob­
servational study showed that patients treated with vancomycin 
in the years 1991–2003 were less likely to develop complications 
or die within 30 days after diagnosis than were patients treated 
with metronidazole.80 However, extension of this case series 
up through 2006 showed that for the years 2003–2006, when 
infection with the NAP1/BI/027 strain predominated, van­
comycin no longer was superior to metronidazole therapy.210 

Thus, the potential superiority of vancomycin therapy in 
avoiding complications of CDI, especially among patients in­
fected with the NAP1/BI/027 strain, requires further study. 

A recent randomized controlled trial showed, for the first 
time, that vancomycin at a dosage of 125 mg 4 times per day 
was superior to metronidazole at a dosage of 250 mg 4 times 
per day in a subgroup of patients with severe disease, as 
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assessed by a severity score incorporating 6 clinical vari­
ables.211 The patients were recruited in the years 1994–2002, 
probably before the emergence of the NAP1/BI/027 strain in 
the United States. A more recent study conducted since the 
emergence of the NAP1/BI/027 strain, reported in abstract 
form, confirms the superiority of vancomycin over metro­
nidazole for treatment of severe CDI.212 There is no evidence 
to support administration of combination therapy to patients 
with uncomplicated CDI. Although hampered by its low sta­
tistical power, a recent trial did not show any trend toward 
better results when rifampin was added to a metronidazole 
regimen. There is no evidence to support use of a combi­
nation of oral metronidazole and oral vancomycin. 

The criteria proposed in Table 3 for defining severe or 
complicated CDI are based on expert opinion. These criteria 
may need to be reviewed in the future, on publication of 
prospectively validated severity scores for patients with CDI. 

Treatment of severe, complicated CDI. Ileus may impair 
the delivery of orally administered vancomycin to the colon, 
but intravenously administered metronidazole is likely to re­
sult in detectable concentrations in feces and an inflamed 
colon. Even though it is unclear whether a sufficient quantity 
of the drug reaches the right and the transverse colon, intra­
colonic administration of vancomycin seems useful in some 
cases.28,213 If colonic perforation is demonstrated or colectomy 
is imminent, it may be prudent to stop oral or rectal therapy 
with any antimicrobial agent, but, short of these complications, 
the emphasis should be on delivery of effective therapy to the 
colon. Despite the lack of data, it seems prudent to administer 
vancomycin by oral and rectal routes at higher dosages (eg, 
500 mg) for patients with complicated CDI with ileus. Use of 
high doses of vancomycin is safe, but high serum concentra­
tions have been noted with long courses of 2 g per day, with 

renal failure. It would be appropriate to obtain trough serum 
concentrations in this circumstance. Passive immunotherapy 
with intravenous immunoglobulins (150–400 mg/kg) has been 
used for some patients not responding to other therapies,214 

but no controlled trials have been performed. 
Colectomy can be life-saving for selected patients.208 Co­

lectomy has usually been performed for patients with meg­
acolon, colonic perforation, or an acute abdomen, but the 
procedure is now also performed for patients with septic 
shock.208,215 Among patients with a lactate level of 5 mmol/L 
or greater, postoperative mortality is 75% or higher, when 
possible colectomy should be performed earlier.208 

Treatment of recurrent CDI. The frequency of further 
episodes of CDI necessitating re-treatment remains a major 
concern. Historically, 6%–25% of patients treated for CDI 
have experienced at least 1 additional episode.28,216,217 Recur­
rences correspond to either relapse of infection the original 
strain or re-infection of patients who remained susceptible 
and are exposed to new strains.218,219 In clinical practice, it is 
impossible to distinguish these 2 mechanisms. Recent reports 
documented an increase in the frequency of recurrences after 
metronidazole therapy, especially in patients aged 65 years or 
more. More than half of patients aged 65 years or more in 
a Canadian center experienced at least 1 recurrence,220 while 
in Texas, half of patients treated with metronidazole either 
did not respond to the drug or experienced a recurrence.206 

Other risk factors for a recurrence are the administration of 
other antimicrobials during or after initial treatment of CDI, 
and a defective immune response against toxin A.69,221 

Using either metronidazole or vancomycin treatment of a 
first recurrence does not alter the probability of a second 
recurrence,222 but use of vancomycin is recommended for the 
first recurrence in patients with a white blood cell count of 

table 3. Recommendations for the Treatment of Clostridium difficile Infection (CDI) 

Strength of 
Clinical definition Supportive clinical data Recommended treatment recommendation 

Initial episode, mild Leukocytosis with a white blood cell 
or moderate count of 15,000 cells/mL or lower and 

a serum creatinine level less than 1.5 
times the premorbid level 

Initial episode, severea Leukocytosis with a white blood cell 
count of 15,000 cells/mL or higher or a 
serum creatinine level greater than or 
equal to 1.5 times the premorbid level 

Initial episode, severe, Hypotension or shock, ileus, megacolon 
complicated 

First recurrence …
 
Second recurrence …
 

Metronidazole, 500 mg 3 times per day by A-I 
mouth for 10–14 days 

Vancomycin, 125 mg 4 times per day by B-I 
mouth for 10–14 days 

Vancomycin, 500 mg 4 times per day by C-III 
mouth or by nasogastric tube, plus metro­
nidazole, 500 mg every 8 hours intrave­
nously. If complete ileus, consider adding 
rectal instillation of vancomycin 

Same as for initial episode A-II 
Vancomycin in a tapered and/or pulsed B-III 

regimen 
a The criteria proposed for defining severe or complicated CDI are based on expert opinion. These may need to be reviewed in the future upon publication 
of prospectively validated severity scores for patients with CDI. 
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15,000 cells/mL or higher (or a rising serum creatinine level), 
since they are at higher risk of developing complications. 

A substantial proportion of patients with a second recur­
rence will be cured with a tapering and/or pulsed regimen 
of oral vancomycin. Metronidazole should not be used be­
yond the first recurrence or for long-term therapy because 
of the potential for cumulative neurotoxicity.223 Various reg­
imens have been used and are similar to this one: after the 
usual dosage of 125 mg 4 times per day for 10–14 days, 
vancomycin is administered at 125 mg 2 times per day for a 
week, 125 mg once per day for a week, and then 125 mg 
every 2 or 3 days for 2–8 weeks, in the hope that C. difficile 
vegetative forms will be kept in check while allowing resto­
ration of the normal flora. Management of patients who do 
not respond to this course of treatment or experience a fur­
ther relapse is challenging. There is no evidence that adding 
cholestyramine or rifampin to the treatment regimen de­
creases the risk of a further recurrence.224 It should be noted 
that cholestyramine, colestipol, and other anion-exchange 
resins bind vancomycin, which make these a specific contra-
indication. A recent uncontrolled case series of patients with 
multiple recurrences of CDI documented that oral rifaximin 
therapy (400 mg 2 times per day for 2 weeks) cured 7 of 8 
patients when it was started immediately following the last 
course of vancomycin and before symptom recurrence.225 

Caution is recommended with use of rifaximin because of 
the potential for isolates to develop an increased MIC during 
treatment.225,226 

Studies of the probiotic Saccharomyces boulardii have been 
inconclusive, but in a subset analysis of a randomized con­
trolled trial, administration of S. boulardii in combination 
with a high dosage of vancomycin appeared to decrease the 
number of recurrences. Administration of S. boulardii has, 
however, been associated with fungemia in immunocompro­
mised patients and in patients with central venous lines, and 
it should be avoided in critically ill patients.227 There is no 
compelling evidence that other probiotics are useful in the 
prevention or treatment of recurrent CDI.228 

Considering that disruption of the indigenous fecal flora 
is likely a major risk for infection with C. difficile and, par­
ticularly, for recurrent infection, instillation of stool from a 
healthy donor has been used with a high degree of success 
in several uncontrolled case series.229,230 The availability of this 
treatment is limited, however. If “fecal transplant” is consid­
ered, the donor should be screened for transmissible agents, 
and logistic issues need to be considered, including the tim­
ing, the collection and processing of the specimen from the 
donor, the preparation of the recipient, and the route and 
means of administration (ie, by nasogastric tube or by 
enema). 

Other potential options for treatment include alternative 
antimicrobial agents, such as nitazoxanide,7 intravenous im­
munoglobulins (150–400 mg/kg).230-233 

Prevention of recurrent CDI in patients requiring anti­
microbial therapy. Some patients need to receive other an­

timicrobials during or shortly after the end of CDI therapy, 
either to complete the treatment of the infection for which 
they had received the inciting antibiotics or to treat a new 
incidental infection. These patients are at high risk of a re­
currence and its attendant complications.69,221 Many clinicians 
prolong the duration of treatment of CDI in such cases, until 
after the other antimicrobial regimens have been stopped. 
Whether this reduces the risk of CDI recurrence is unknown, 
and the Expert Panel offers no specific recommendation, but 
if the duration of CDI treatment is prolonged, oral vanco­
mycin is the preferred agent, given the absence of therapeutic 
levels of metronidazole in the feces of patients who no longer 
have active colitis. 

research gaps 

The initial step in developing a rational clinical research 
agenda is the identification of gaps in information. The pro­
cess of guideline development, as practiced by SHEA and the 
IDSA, serves as a natural means by which such gaps are 
identified. Thus, these guidelines identify important clinical 
questions and identify the quality of evidence supporting 
those recommendations. Clinical questions identified by the 
SHEA-IDSA Expert Panel and by members of the IDSA Re­
search Committee that could inform a C. difficile research 
agenda are listed below. 

Epidemiology 

What is the epidemiology of CDI? What is the incubation 
period of C. difficile? What is the infectious dose of C. difficile? 
How should hospital rates be risk-adjusted for appropriate 
interhospital comparisons? Does administration of proton 
pump inhibitors increase the risk of CDI and, if so, what is 
the magnitude of risk? What are the sources for C. difficile 
transmission in the community? Is exposure to antimicrobials 
(or equivalent agents, such as chemotherapy drugs) required 
for susceptibility to CDI? What is the role of asymptomatic 
carriers in transmission of C. difficile in the healthcare setting? 
What are the validated clinical predictors of severe CDI? At 
what age and to what degree is C. difficile pathogenic among 
infants? 

Diagnostics 

Is GDH detection in stool sufficiently sensitive as a screening 
test for C. difficile colitis? How well does this method cor­
relate with culture for toxigenic C. difficile and cell culture 
cytotoxicity assay? Which of these “gold standard” assays (cul­
ture for toxigenic C. difficile or cell culture cytotoxicity assay) 
is optimal as a reference test for diagnosis of CDI? Is screening 
by GDH test, coupled with confirmatory testing for toxigenic 
C. difficile by cell culture cytotoxicity assay or real time PCR 
for toxin B, as sensitive as primary testing of stool using real-
time PCR? What is the best diagnostic method for hospital 
laboratories that do not have PCR technology available? 
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Which commercial PCR assay for toxin B performs best, com­
pared with culture for toxigenic C. difficile? Is PCR testing 
for toxin B too sensitive for clinical utility? How do individual 
laboratory-derived PCR assays for C. difficile compare with 
commercial PCR assays? 

Is there any role for repeated C. difficile stool testing during 
the same episode of illness? 

After initial diagnosis of CDI, should testing be repeated for 
any reason other than recurrence of symptoms following suc­
cessful treatment? 

Management 

If a validated severity-of-illness tool for CDI is developed, how 
will treatment recommendations for primary CDI be modified? 

What is the best treatment for recurrent CDI? What is the 
best way to restore colonization protection of intestinal mi­
crobiota? What is the role of fecal transplant? What is the 
role of administration of passive antibodies (immunoglob­
ulins or monoclonal antibodies) or active immunization 
(with vaccines)? 

What is the best approach to treatment of fulminant CDI? 
What are the criteria for colectomy in a patient with ful­
minant CDI? What is the role of treatment with vancomycin 
or other antibiotics alone or in combination in fulminant 
infection? What is the role of treatment with passive anti­
bodies (immunoglobulin or monoclonal antibody therapy) 
in fulminant infection? 

Prevention 

What preventive measures can be taken to reduce the incidence 
of CDI? Can administration of probiotics or biotherapeutic 
agents effectively prevent CDI? What are the most effective 
antimicrobial stewardship strategies to prevent CDI? What 
are the most effective transmission prevention strategies (ie, 
environmental management and isolation) to prevent CDI in 
inpatient settings? What is the incremental impact of each? 
Can vaccination effectively prevent CDI, and what would be 
the composition of the vaccine and the route of administra­
tion? What are systemic or mucosal serologic markers that 
predict protection against CDI? 

Basic Research 

What is the biology of C. difficile spores that leads to clinical 
infection? What induces spore germination and where does 
it occur in the human gastrointestinal tract? How do spores 
interact with the human gastrointestinal immune system? 
What are the triggers for sporulation and germination of C. 
difficile in the human gastrointestinal tract? What is the role 
of sporulation in recurrent C. difficile disease? 

What is the basic relationship of C. difficile to the human 
gut mucosa and immune system? Where in the gut do C. 
difficile organisms reside? What enables C. difficile to colo­
nize patients? Is there a C. difficile biofilm in the gastroin­
testinal tract? Is mucosal adherence necessary for develop­

ment of CDI? Is there a nutritional niche that allows C. diffi­
cile to establish colonization? What is the role of mucosal 
and systemic immunity in preventing clinical CDI? What 
causes C. difficile colonization to end? Do C. difficile toxins 
enter the circulation during infection? 

performance measures 

Performance measures are tools to help guideline users mea­
sure both the extent and the effects of implementation of 
guidelines. Such tools or measures can be indicators of the 
process itself, outcomes, or both. Deviations from the rec­
ommendations are expected in a proportion of cases, and 
compliance in 80%–95% of cases is generally appropriate, 
depending on the measure. 

•	 Infection control practices should be consistent with 
guideline recommendations, including compliance with 
recommended isolation precautions and adequacy of 
environmental cleaning. Data exist supporting the con­
clusion that use of these measures has led to control of 
outbreaks of CDI. 

•	 Treatment of the initial episode of CDI should be con­
sistent with the guidelines. In particular, patients with 
severe CDI (provisionally identified as leukocytosis with 
a white blood cell count greater than 15,000 cells/mL or  
an increase in the serum creatinine level to 1.5 times 
the premorbid level) should be treated with vanco­
mycin. Evidence suggests treatment with this agent has 
significantly better outcomes than does treatment with 
metronidazole. 

•	 Appropriate testing for the diagnosis of CDI includes 
submitting samples only of unformed stool. Addition­
ally, no more than 1 stool sample should be obtained 
for routine testing during a diarrheal episode. Stool 
should not be submitted for test of cure. 

acknowledgments 

The Expert Panel wishes to express its gratitude to John G. Bartlett, MD, 
Erik Dubberke, MD, and Mark Miller, MD, for their thoughtful reviews of 
earlier drafts of the manuscript. 

The Expert Panel also recognizes the following people for their important 
contributions in identifying critical gaps where funding of research is needed 
to advance clinical treatment and care: Edward N. Janoff, MD, and Barth L. 
Reller, MD (IDSA Research Committee), James M. Horton, MD (IDSA Stan­
dards and Practice Guidelines Committee), and Padma Natarajan (IDSA 
staff). 

Financial support. Support for this guideline was provided by the Society 
for Healthcare Epidemiology of America (SHEA) and the Infectious Diseases 
Society of America (IDSA). 

Potential conflicts of interest. S.H.C. reports that he has served as a 
speaker for Viropharma and Wyeth Pharmaceuticals and has served as a 
consultant to Genzyme, Salix and Romark Laboratories. D.N.G. reports that 
he has served as a consultant for ViroPharma, Optimer, Genzyme, Cepheid, 
BD GeneOhm, Salix, Romark, Merck, Schering-Plough, Gojo, and TheraDoc; 
has received research support from ViroPharma, Massachusetts Biological 
Laboratories, Optimer, Cepheid, Gojo, Merck, and Genzyme; and holds pat­
ents for the prevention and treatment of CDI licensed to ViroPharma. S.J. 
reports that he has served as an advisor to Genzyme, Viropharma, Salix 



450 infection control and hospital epidemiology may 2010, vol. 31, no. 5 

Pharmaceutical, Romark Laboratories, and Acambis. V.G.L. reports that she 
has served as a consultant for Genzyme. J.P. reports that he has served on 
advisory boards for Pfizer and Novartis; as an advisor for Viropharma, Acam­
bis, Wyeth Pharmaceuticals, and Bayer; and as speaker for Wyeth Pharma­
ceuticals. C.P.K. reports that he has served as scientific advisor and consul­
tant to Actelion, Cubist Pharm, MicroBiotix, Salix Pharm, Sanofi-Pasteur, 
ViroPharma, and Wyeth Pharm and has received research support from 
Actelion and MicroBiotix. M.H.W. and L.C.M. report no conflicts relevant 
to this guideline. 

Address reprint requests to Clinical Affairs, Infectious Diseases So­
ciety of America, 1300 Wilson Blvd, Suite 300, Arlington, VA 22209 
(idsaguidelines@idsociety.org). 

It is important to realize that guidelines cannot always account for in­
dividual variation among patients. They are not intended to supplant phy­
sician judgment with respect to particular patients or special clinical situa­
tions. SHEA and the IDSA consider adherence to these guidelines to be 
voluntary, with the ultimate determination regarding their application to be 
made by the physician in the light of each patient’s individual circumstances. 

The findings and conclusions in this report are those of the author(s), 
writing on behalf of SHEA and the IDSA, and do not necessarily represent 
the views of the Centers for Disease Control and Prevention, or the United 
States Department of Veterans Affairs. 

references 

1. McFarland LV, Mulligan ME, Kwok RY, et al. Nosocomial acquisition 
of Clostridium difficile infection. N Engl J Med 1989;320:204–210. 

2. Shanholtzer CJ, Willard KE, Holter JJ, et al. Comparison of the VIDAS 
Clostridium difficile toxin A immunoassay with C. difficile culture and 
cytotoxin and latex tests. J Clin Microbiol 1992;30:1837–1840. 

3. Shim JK, Johnson S, Samore MH, et al. Primary symptomless colo­
nisation by Clostridium difficile and decreased risk of subsequent di­
arrhoea. Lancet 1998;351:633–636. 

4. Walker RC, Ruane PJ, Rosenblatt JE, et al. Comparison of culture, 
cytotoxicity assays, and enzyme-linked immunosorbent assay for toxin 
A and toxin B in the diagnosis of Clostridium difficile–related enteric 
disease. Diagn Microbiol Infect Dis 1986;5:61–69. 

5. 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 
2000;342:390–397. 

6. Louie TJ, Peppe J, Watt CK, et al. Tolevamer, a novel nonantibiotic 
polymer, compared with vancomycin in the treatment of mild to mod­
erately severe Clostridium difficile–associated diarrhea. Clin Infect Dis 
2006;43:411–420. 

7. Musher DM, Logan N, Hamill RJ, et al. Nitazoxanide for the treatment 
of Clostridium difficile colitis. Clin Infect Dis 2006;43:421–427. 

8. Kuijper EJ, Coignard B, Tull P. Emergence of Clostridium difficile–as­
sociated disease in North America and Europe. Clin Microbiol Infect 
2006;12(Suppl 6):2–18. 

9. Gerding DN, Olson MM, Peterson LR, et al.	 Clostridium difficile–as­
sociated diarrhea and colitis in adults. A prospective case-controlled 
epidemiologic study. Arch Intern Med 1986;146:95–100. 

10. Guidelines for the management of adults with hospital-acquired, ven­
tilator-associated, and healthcare-associated pneumonia. Am J Respir 
Crit Care Med 2005;171:388–416. 

11. Kyne L, Merry C, O’Connell B, et al. Factors associated with prolonged 
symptoms and severe disease due to Clostridium difficile. Age Ageing 
1999;28:107–113. 

12. Bartlett JG. Antibiotic-associated colitis. Dis Mon 1984;30:1–54. 
13. Bartlett JG. Clinical practice. Antibiotic-associated diarrhea. N Engl J 

Med 2002;346:334–349. 

14. Kelly CP, Pothoulakis C, LaMont JT. Clostridium difficile colitis. N Engl 
J Med 1994;330:257–262. 

15. Hall IC, O’Toole E. Intestinal flora in new-born infants. Am J Dis Child 
1935;49:390–402. 

16. Viscidi R, Willey S, Bartlett JG. Isolation rates and toxigenic potential 
of Clostridium difficile isolates from various patient populations. Gas­
troenterology 1981;81:5–9. 

17. Aronsson B, Mollby R, Nord CE. Antimicrobial agents and Clostridium 
difficile in acute enteric disease: epidemiological data from Sweden, 
1980–1982. J Infect Dis 1985;151:476–481. 

18. Nakamura S, Mikawa M, Nakashio S, et al. Isolation of	 Clostridium 
difficile from the feces and the antibody in sera of young and elderly 
adults. Microbiol Immunol 1981;25:345–351. 

19. Burdon DW. Clostridium difficile: the epidemiology and prevention of 
hospital-acquired infection. Infection 1982;10:203–204. 

20. Larson HE, Barclay FE, Honour P, et al. Epidemiology of Clostridium 
difficile in infants. J Infect Dis 1982;146:727–733. 

21. Larson HE, Price AB, Borriello SP. Epidemiology of experimental en­
terocecitis due to Clostridium difficile. J Infect Dis 1980;142:408–413. 

22. Toshniwal R, Silva J Jr, Fekety R, et al. Studies on the epidemiology of 
colitis due to Clostridium difficile in hamsters. J Infect Dis 1981;143:51– 
54. 

23. Johnson S, Clabots CR, Linn FV, et al. Nosocomial Clostridium difficile 
colonisation and disease. Lancet 1990;336:97–100. 

24. McDonald LC, Killgore GE, Thompson A, et al. An epidemic, toxin 
gene-variant strain of Clostridium difficile. N Engl J Med  2005;353:2433– 
2441. 

25. Loo VG, Poirier L, Miller MA, et al. A predominantly clonal multi-in­
stitutional outbreak of Clostridium difficile–associated diarrhea with high 
morbidity and mortality. N Engl J Med 2005;353:2442–2449. 

26. Voth DE, Ballard JD. Clostridium difficile toxins: mechanism of action 
and role in disease. Clin Microbiol Rev 2005;18:247–263. 

27. Samore MH, DeGirolami PC, Tlucko A, et al. Clostridium difficile col­
onization and diarrhea at a tertiary care hospital. Clin Infect Dis 1994;18: 
181–187. 

28. Olson MM, Shanholtzer CJ, Lee JT Jr, et al. Ten years of prospective 
Clostridium difficile–associated disease surveillance and treatment at the 
Minneapolis VA Medical Center, 1982–1991. Infect Control Hosp Epi­
demiol 1994;15:371–381. 

29. Triadafilopoulos G, Hallstone AE. Acute abdomen as the first presen­
tation of pseudomembranous colitis. Gastroenterology 1991;101:685–691. 

30. Wolf LE, Gorbach SL, Granowitz EV. Extraintestinal Clostridium difficile: 
10 years’ experience at a tertiary-care hospital. Mayo Clin Proc 1998;73: 
943–947. 

31. Pron B, Merckx J, Touzet P, et al. Chronic septic arthritis and osteo­
myelitis in a prosthetic knee joint due to Clostridium difficile. Eur J Clin 
Microbiol Infect Dis 1995;14:599–601. 

32. Studemeister AE, Beilke MA, Kirmani N. Splenic abscess due to Clos­
tridium difficile and Pseudomonas paucimobilis. Am J Gastroenterol 1987; 
82:389–390. 

33. Feldman RJ, Kallich M, Weinstein MP. Bacteremia due to Clostridium 
difficile: case report and review of extraintestinal C. difficile infections. 
Clin Infect Dis 1995;20:1560–1562. 

34. Freiler JF, Durning SJ, Ender PT. Clostridium difficile small bowel enteritis 
occurring after total colectomy. Clin Infect Dis 2001;33:1429–1431. 

35. Wanahita A, Goldsmith EA, Marino BJ, et al. Clostridium difficile infection 
in patients with unexplained leukocytosis. Am J Med 2003;115:543–546. 

36. Wanahita A, Goldsmith EA, Musher DM. Conditions associated with 
leukocytosis in a tertiary care hospital, with particular attention to the 
role of infection caused by Clostridium difficile. Clin Infect Dis 2002;34: 
1585–1592. 

37. Gerding DN, Johnson S, Peterson LR, et al. Clostridium difficile–asso­
ciated diarrhea and colitis. Infect Control Hosp Epidemiol 1995;16:459– 
477. 

38. Field MJ, Lohr KN. Institute of Medicine Committee to Advise the Public 
Health Service on Clinical Practice Guidelines, Clinical Practice Guidelines: 

mailto:idsaguidelines@idsociety.org


practice guidelines for c. difficile infection in adults 451 

Directions for a New Program. Washington, DC: Institute of Medicine; 
1990. 

39. The periodic health examination. Canadian Task Force on the Periodic 
Health Examination. Can Med Assoc J 1979;121:1193–1254. 

40. Miller MA, Hyland M, Ofner-Agostini M, et al. Morbidity, mortality, 
and healthcare burden of nosocomial Clostridium difficile–associated 
diarrhea in Canadian hospitals. Infect Control Hosp Epidemiol 2002;23: 
137–140. 

41. Miller MA, Gravel D, Mulvey M, et al. Surveillance for nosocomial 
Clostridium difficile associated diarrhea (N-CDAD) within acute-care 
hospitals in Canada: results of the 2005 nosocomial infections surveil­
lance program (CNISP) study shows escalating mortality. In: Proceed­
ings of the 16th Annual Scientific Meeting of the Society for Healthcare 
Epidemiology of America; March 18–21, 2006; Chicago, IL. 

42. Walker KJ, Gilliland SS, Vance-Bryan K, et al. Clostridium difficile col­
onization in residents of long-term care facilities: prevalence and risk 
factors. J Am Geriatr Soc 1993;41:940–946. 

43. Simor AE, Bradley SF, Strausbaugh LJ, et al. Clostridium difficile in long-
term-care facilities for the elderly. Infect Control Hosp Epidemiol 2002;23: 
696–703. 

44. Kyne L, Hamel MB, Polavaram R, et al. Health care costs and mortality 
associated with nosocomial diarrhea due to Clostridium difficile. Clin In­
fect Dis 2002;34:346–353. 

45. O’Brien JA, Lahue BJ, Caro JJ, et al. The emerging infectious challenge 
of Clostridium difficile–associated disease in Massachusetts hospitals: clin­
ical and economic consequences. Infect Control Hosp Epidemiol 2007;28: 
1219–1227. 

46. McDonald LC, Owings M, Jernigan DB. Clostridium difficile infection 
in patients discharged from US short-stay hospitals, 1996–2003. Emerg 
Infect Dis 2006;12:409–415. 

47. Pepin J, Alary ME, Valiquette L, et al. Increasing risk of relapse after 
treatment of Clostridium difficile colitis in Quebec, Canada. Clin Infect 
Dis 2005;40:1591–1597. 

48. Muto CA, Pokrywka M, Shutt K, et al. A large outbreak of Clostridium 
difficile–associated disease with an unexpected proportion of deaths and 
colectomies at a teaching hospital following increased fluoroquinolone 
use. Infect Control Hosp Epidemiol 2005;26:273–280. 

49. Centers for Disease Control and Prevention. Data and statistics about 
Clostridium difficile infections Web page. http://www.cdc.gov/ncidod/ 
dhqp/id_Cdiff_data.html. Accessed February 22, 2010. 

50. Eggertson L. Quebec strain of C. difficile in 7 provinces. Can Med Assoc 
J 2006;174:607–608. 

51. 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 2005;366:1079–1084. 

52. Health Protection Agency. Outbreak of Clostridium difficile infection in 
a hospital in southeast England. CDR Weekly 2005;15(24). 

53. Kuijper EJ, Debast SB, Van Kregten E, et al. Clostridium difficile ribo­
type 027, toxinotype III in The Netherlands [in Dutch]. Ned Tijdschr 
Geneeskd 2005;149:2087–2089. 

54. Kuijper EJ, Barbut F, Brazier JS, et al. Update of	 Clostridium difficile 
infection due to PCR ribotype 027 in Europe, 2008. Euro Surveill 2008; 
13(31):pii:18942. 

55. Kato H, Ito Y, van den Berg RJ, et al. First isolation of Clostridium dif­
ficile 027 in Japan. Euro Surveill 2007;12:E070111 3. 

56. Severe Clostridium difficile–associated disease in populations previously 
at low risk–four states, 2005. MMWR Morb Mortal Wkly Rep 2005;54: 
1201–1205. 

57. James AH, Katz VL, Dotters DJ, et al. Clostridium difficile infection in 
obstetric and gynecologic patients. South Med J 1997;90:889–892. 

58. Kyne L, Merry C, O’Connell B, et al. Community-acquired Clostridium 
difficile infection. J Infect 1998;36:287–288. 

59. Johal SS, Hammond J, Solomon K, et al. Clostridium difficile associated 
diarrhoea in hospitalised patients: onset in the community and hospital 
and role of flexible sigmoidoscopy. Gut 2004;53:673–677. 

60. Terhes G, Urban E, Soki J, et al. Community-acquired Clostridium 

difficile diarrhea caused by binary toxin, toxin A, and toxin B gene-
positive isolates in Hungary. J Clin Microbiol 2004;42:4316–4318. 

61. Dial S, Delaney JA, Barkun AN, et al. Use of gastric acid-suppressive 
agents and the risk of community-acquired Clostridium difficile–asso­
ciated disease. JAMA 2005;294:2989–2995. 

62. Hirschhorn LR, Trnka Y, Onderdonk A, et al. Epidemiology of commu­
nity-acquired Clostridium difficile–associated diarrhea. J Infect Dis 1994; 
169:127–133. 

63. Levy DG, Stergachis A, McFarland LV, et al. Antibiotics and Clostridium 
difficile diarrhea in the ambulatory care setting. Clin Ther 2000;22:91– 
102. 

64. Frost F, Hurley JS, Petersen HV, et al. Estimated incidence of Clostridi­
um difficile infection. Emerg Infect Dis 1999;5:303–304. 

65. Rivera EV, Woods S. Prevalence of asymptomatic Clostridium difficile 
colonization in a nursing home population: a cross-sectional study. J 
Gend Specif Med 2003;6:27–30. 

66. Fekety R, Kim KH, Brown D, et al. Epidemiology of antibiotic-asso­
ciated colitis: isolation of Clostridium difficile from the hospital envi­
ronment. Am J Med  1981;70:906–908. 

67. Riggs MM, Sethi AK, Zabarsky TF, et al. Asymptomatic carriers are a 
potential source for transmission of epidemic and nonepidemic Clostrid­
ium difficile strains among long-term care facility residents. Clin Infect Dis 
2007;45:992–998. 

68. McFarland LV, Surawicz CM, Greenberg RN, et al. Possible role of cross-
transmission between neonates and mothers with recurrent Clostridium 
difficile infections. Am J Infect Control 1999;27:301–303. 

69. Kyne L, Warny M, Qamar A, et al. Association between antibody re­
sponse to toxin A and protection against recurrent Clostridium difficile 
diarrhoea. Lancet 2001;357:189–193. 

70. Sambol SP, Tang JK, Merrigan MM, et al. Infection of hamsters with 
epidemiologically important strains of Clostridium difficile. J Infect Dis 
2001;183:1760–1766. 

71. Anand A, Bashey B, Mir T, et al. Epidemiology, clinical manifestations, 
and outcome of Clostridium difficile–associated diarrhea. Am J Gas­
troenterol 1994;89:519–523. 

72. Palmore TN, Sohn S, Malak SF, et al. Risk factors for acquisition of 
Clostridium difficile–associated diarrhea among outpatients at a cancer 
hospital. Infect Control Hosp Epidemiol 2005;26:680–684. 

73. Chang H, Parada J, Evans C, et al. Onset of symptoms and time to 
diagnosis of Clostridium difficile diarrhea among outpatients discharged 
from an acute care hospital [abstract]. In: Proceedings of The 16th 
Annual Scientific Meeting of the Society for Healthcare Epidemiology 
of America; March 18–21, 2006; Chicago, IL: 108–109. 

74. Mayfield J, McMullen K, Dubberke E. Comparison of Clostridium dif­
ficile–associated disease rates using a traditional vs. expanded definition. 
In: Proceedings of The 16th Annual Scientific Meeting of the Society 
for Healthcare Epidemiology of America; March 18–21, 2006; Chicago, 
IL: 115. 

75. Samore MH, Venkataraman L, DeGirolami PC, et al. Clinical and mo­
lecular epidemiology of sporadic and clustered cases of nosocomial 
Clostridium difficile diarrhea. Am J Med  1996;100:32–40. 

76. Mayfield JL, Leet T, Miller J, et al. Environmental control to reduce 
transmission of Clostridium difficile. Clin Infect Dis 2000;31:995–1000. 

77. Fawley WN, Wilcox MH. Molecular epidemiology of endemic	 Clos­
tridium difficile infection. Epidemiol Infect 2001;126:343–350. 

78. Wilcox MH, Fawley WN, Wigglesworth N, et al. Comparison of the 
effect of detergent versus hypochlorite cleaning on environmental con­
tamination and incidence of Clostridium difficile infection. J Hosp Infect 
2003;54:109–114. 

79. Brooks SE, Veal RO, Kramer M, et al. Reduction in the incidence of 
Clostridium difficile–associated diarrhea in an acute care hospital and 
a skilled nursing facility following replacement of electronic thermom­
eters with single-use disposables. Infect Control Hosp Epidemiol 1992;13: 
98–103. 

80. Pepin J, Valiquette L, Alary ME, et al. Clostridium difficile–associated di­

http://www.cdc.gov/ncidod


452 infection control and hospital epidemiology may 2010, vol. 31, no. 5 

arrhea in a region of Quebec from 1991 to 2003: a changing pattern of 
disease severity. CMAJ 2004;171:466–472. 

81. Johnson S, Samore MH, Farrow KA, et al. Epidemics of diarrhea caused 
by a clindamycin-resistant strain of Clostridium difficile in four hospitals. 
N Engl J Med  1999;341:1645–1651. 

82. Privitera G, Scarpellini P, Ortisi G, et al. Prospective study of Clostridium 
difficile intestinal colonization and disease following single-dose anti­
biotic prophylaxis in surgery. Antimicrob Agents Chemother 1991;35: 
208–210. 

83. Yee J, Dixon CM, McLean AP, et al.	 Clostridium difficile disease in a 
department of surgery: the significance of prophylactic antibiotics. Arch 
Surg 1991;126:241–246. 

84. Anand A, Glatt AE.	 Clostridium difficile infection associated with an­
tineoplastic chemotherapy: a review. Clin Infect Dis 1993;17:109–113. 

85. Morales Chamorro R, Serrano Blanch R, Mendez Vidal MJ, et al. Pseu­
domembranous colitis associated with chemotherapy with 5-fluoro­
uracil. Clin Transl Oncol 2005;7:258–261. 

86. Bilgrami S, Feingold JM, Dorsky D, et al. Incidence and outcome of 
Clostridium difficile infection following autologous peripheral blood 
stem cell transplantation. Bone Marrow Transplant 1999;23:1039–1042. 

87. Gorschluter M, Glasmacher A, Hahn C, et al. Clostridium difficile in­
fection in patients with neutropenia. Clin Infect Dis 2001;33:786–791. 

88. Sanchez TH, Brooks JT, Sullivan PS, et al. Bacterial diarrhea in persons 
with HIV infection, United States, 1992–2002. Clin Infect Dis 2005;41: 
1621–1627. 

89. Thibault A, Miller MA, Gaese C. Risk factors for the development of 
Clostridium difficile–associated diarrhea during a hospital outbreak. In­
fect Control Hosp Epidemiol 1991;12:345–348. 

90. Bliss DZ, Johnson S, Savik K, et al. Acquisition of Clostridium difficile 
and Clostridium difficile–associated diarrhea in hospitalized patients re­
ceiving tube feeding. Ann Intern Med 1998;129:1012–1019. 

91. Cunningham R, Dale B, Undy B, et al. Proton pump inhibitors as a 
risk factor for Clostridium difficile diarrhoea. J Hosp Infect 2003;54:243– 
245. 

92. Dial S, Alrasadi K, Manoukian C, et al. Risk of	 Clostridium difficile 
diarrhea among hospital inpatients prescribed proton pump inhibitors: 
cohort and case-control studies. CMAJ 2004;171:33–38. 

93. Al-Jumaili IJ, Shibley M, Lishman AH, et al. Incidence and origin of 
Clostridium difficile in neonates. J Clin Microbiol 1984;19:77–78. 

94. Shah S, Lewis A, Leopold D, et al. Gastric acid suppression does not 
promote clostridial diarrhoea in the elderly. QJM 2000;93:175–181. 

95. McDonald LC, Coignard B, Dubberke E, et al. Recommendations for 
surveillance of Clostridium difficile–associated disease. Infect Control 
Hosp Epidemiol 2007;28:140–145. 

96. Cohen SH, Tang YJ, Silva J Jr. Molecular typing methods for the epi­
demiological identification of Clostridium difficile strains. Expert Rev 
Mol Diagn 2001;1:61–70. 

97. Tang YJ, Houston ST, Gumerlock PH, et al. Comparison of arbitrarily 
primed PCR with restriction endonuclease and immunoblot analyses 
for typing Clostridium difficile isolates. J Clin Microbiol 1995;33:3169– 
3173. 

98. Gal M, Northey G, Brazier JS. A modified pulsed-field gel electropho­
resis (PFGE) protocol for subtyping previously non–PFGE typeable 
isolates of Clostridium difficile polymerase chain reaction ribotype 001. 
J Hosp Infect 2005;61:231–236. 

99. Rupnik M, Avesani V, Janc M, et al. A novel toxinotyping scheme and 
correlation of toxinotypes with serogroups of Clostridium difficile iso­
lates. J Clin Microbiol 1998;36:2240–2247. 

100. Wullt M, Burman LG, Laurell MH, et al. Comparison of AP-PCR typing 
and PCR-ribotyping for estimation of nosocomial transmission of Clos­
tridium difficile. J Hosp Infect 2003;55:124–130. 

101. Northey G, Gal M, Rahmati A, et al. Subtyping of Clostridium difficile 
PCR ribotype 001 by REP-PCR and PFGE. J Med Microbiol 2005;54: 
543–547. 

102. Stubbs SL, Brazier JS, O’Neill GL, et al. PCR targeted to the 16S-23S 
rRNA gene intergenic spacer region of Clostridium difficile and construc­

tion of a library consisting of 116 different PCR ribotypes. J Clin Microbiol 
1999;37:461–463. 

103. Lemee L, Bourgeois I, Ruffin E, et al. Multilocus sequence analysis and 
comparative evolution of virulence-associated genes and housekeeping 
genes of Clostridium difficile. Microbiology 2005;151:3171–3180. 

104. Marsh JW, O’Leary MM, Shutt KA, et al. Multilocus variable-number 
tandem-repeat analysis for investigation of Clostridium difficile trans­
mission in hospitals. J Clin Microbiol 2006;44:2558–2566. 

105.	 van den Berg RJ, Schaap I, Templeton KE, et al. Typing and subtyping 
of Clostridium difficile isolates by using multiple-locus variable-number 
tandem-repeat analysis. J Clin Microbiol 2007;45:1024–1028. 

106. Killgore G, Thompson A, Johnson S, et al. Comparison of seven tech­
niques for typing international epidemic strains of Clostridium difficile: 
restriction endonuclease analysis, pulsed-field gel electrophoresis, PCR­
ribotyping, multilocus sequence typing, multilocus variable-number tan-
dem-repeat analysis, amplified fragment length polymorphism, and sur­
face layer protein A gene sequence typing. J Clin Microbiol 2008;46:431– 
437. 

107. Lyras D, O’Connor JR, Howarth PM, et al. Toxin B is essential for virulence 
of Clostridium difficile. Nature 2009;458:1176–1179. 

108. Alfa MJ, Swan B, VanDekerkhove B, et al. The diagnosis of Clostridium 
difficile–associated diarrhea: comparison of Triage C. difficile panel, EIA 
for Tox A/B and cytotoxin assays. Diagn Microbiol Infect Dis 2002;43: 
257–263. 

109. Fedorko DP, Engler HD, O’Shaughnessy EM, et al. Evaluation of two 
rapid assays for detection of Clostridium difficile toxin A in stool spec­
imens. J Clin Microbiol 1999;37:3044–3047. 

110. Ticehurst JR, Aird DZ, Dam LM, et al. Effective detection of toxigenic 
Clostridium difficile by a two-step algorithm including tests for antigen 
and cytotoxin. J Clin Microbiol 2006;44:1145–1149. 

111. Planche T, Aghaizu A, Holliman R, et al. Diagnosis of Clostridium difficile 
infection by toxin detection kits: a systematic review. Lancet Infect Dis 
2008;8:777–784. 

112. Wilcox MH, Eastwood KA. Clostridium difficile toxin detection assays. 
Evaluation report CEP08054. NHS Purchasing and Supplies Agency, 
Centre for Evidence Based Purchasing, 2009. http://www.pasa.nhs 
.uk/pasa/Doc.aspx?Pathp%5bMN%5d%5bSP%5d/NHSprocurement/ 
CEP/CEP08054.pdf. Accessed August 14, 2009. 

113. Bouza E, Munoz P, Alonso R. Clinical manifestations, treatment and 
control of infections caused by Clostridium difficile. Clin Microbiol Infect 
2005;11(Suppl 4):57–64. 

114. Kuijper EJ, van den Berg RJ, Debast S, et al. Clostridium difficile ribotype 
027, toxinotype III, the Netherlands. Emerg Infect Dis 2006;12:827–830. 

115. Reller ME, Lema CA, Perl TM, et al. Yield of stool culture with isolate 
toxin testing versus a two-step algorithm including stool toxin testing 
for detection of toxigenic Clostridium difficile. J Clin Microbiol 2007;45: 
3601–3605. 

116. Gerding DN. Diagnosis of	 Clostridium difficile–associated disease: pa­
tient selection and test perfection. Am J Med 1996;100:485–486. 

117. Katz DA, Lynch ME, Littenberg B. Clinical prediction rules to optimize 
cytotoxin testing for Clostridium difficile in hospitalized patients with 
diarrhea. Am J Med 1996;100:487–495. 

118. Aichinger E, Schleck CD, Harmsen WS, et al. Nonutility of	 repeat 
laboratory testing for detection of Clostridium difficile by use of PCR 
or enzyme immunoassay. J Clin Microbiol 2008;46:3795–3797. 

119. Larson HE, Parry JV, Price AB, et al. Undescribed toxin in pseudo-
membranous colitis. Br Med J 1977;1:1246–1248. 

120. Barbut F, Lalande V, Burghoffer B, et al. Prevalence and genetic charac­
terization of toxin A variant strains of Clostridium difficile among adults 
and children with diarrhea in France. J Clin Microbiol 2002;40:2079–2083. 

121. Tichota-Lee J, Jaqua-Stewart MJ, Benfield D, et al. Effect of age on the 
sensitivity of cell cultures to Clostridium difficile toxin. Diagn Microbiol 
Infect Dis 1987;8:203–214. 

122. Peterson LR, Olson MM, Shanholtzer CJ, et al. Results of a prospective, 
18-month clinical evaluation of culture, cytotoxin testing, and culturette 

http://www.pasa.nhs


practice guidelines for c. difficile infection in adults 453 

brand (CDT) latex testing in the diagnosis of Clostridium difficile–as­
sociated diarrhea. Diagn Microbiol Infect Dis 1988;10:85–91. 

123. Johnson S, Kent SA, O’Leary KJ, et al. Fatal pseudomembranous colitis 
associated with a variant Clostridium difficile strain not detected by toxin 
A immunoassay. Ann Intern Med 2001;135:434–438. 

124. George WL, Sutter VL, Citron D, et al. Selective and differential medium 
for isolation of Clostridium difficile. J Clin Microbiol 1979;9:214–219. 

125. Wilcox MH, Fawley WN, Parnell P.	 Value of lysozyme agar incorpo­
ration and alkaline thioglycollate exposure for the environmental re­
covery of Clostridium difficile. J Hosp Infect 2000;44:65–69. 

126. Snell H, Ramos M, Longo S, et al. Performance of the TechLab C. DIFF 
CHEK-60 enzyme immunoassay (EIA) in combination with the C. dif­
ficile Tox A/B II EIA kit, the Triage C. difficile panel immunoassay, and 
a cytotoxin assay for diagnosis of Clostridium difficile–associated diar­
rhea. J Clin Microbiol 2004;42:4863–4865. 

127. Zheng L, Keller SF, Lyerly DM, et al. Multicenter evaluation of a new 
screening test that detects Clostridium difficile in fecal specimens. J Clin  
Microbiol 2004;42:3837–3840. 

128. Barbut F, Lalande V, Daprey G, et al. Usefulness of simultaneous de­
tection of toxin A and glutamate dehydrogenase for the diagnosis of 
Clostridium difficile–associated diseases. Eur J Clin Microbiol Infect Dis 
2000;19:481–484. 

129. Massey V, Gregson DB, Chagla AH, et al. Clinical usefulness of com­
ponents of the Triage immunoassay, enzyme immunoassay for toxins 
A and B, and cytotoxin B tissue culture assay for the diagnosis of Clos­
tridium difficile diarrhea. Am J Clin Pathol 2003;119:45–49. 

130. Sloan LM, Duresko BJ, Gustafson DR, et al. Comparison of real-time 
PCR for detection of the tcdC gene with four toxin immunoassays and 
culture in diagnosis of Clostridium difficile infection. J Clin Microbiol 2008; 
46:1996–2001. 

131. Vonberg RP, Kuijper EJ, Wilcox MH, et al. Infection control measures 
to limit the spread of Clostridium difficile. Clin Microbiol Infect 2008; 
14(Suppl 5):2–20. 

132. Clabots CR, Johnson S, Olson MM, et al. Acquisition of Clostridium 
difficile by hospitalized patients: evidence for colonized new admissions 
as a source of infection. J Infect Dis 1992;166:561–567. 

133. Zafar AB, Gaydos LA, Furlong WB, et al. Effectiveness of infection 
control program in controlling nosocomial Clostridium difficile. Am J 
Infect Control 1998;26:588–593. 

134. Apisarnthanarak A, Zack JE, Mayfield JL, et al. Effectiveness of envi­
ronmental and infection control programs to reduce transmission of 
Clostridium difficile. Clin Infect Dis 2004;39:601–602. 

135. Stone SP, Beric V, Quick A, et al. The effect of an enhanced infection-
control policy on the incidence of Clostridium difficile infection and 
methicillin-resistant Staphyloccocus aureus colonization in acute elder­
ly medical patients. Age Ageing 1998;27:561–568. 

136. Cartmill TD, Panigrahi H, Worsley MA, et al. Management and control 
of a large outbreak of diarrhoea due to Clostridium difficile. J Hosp Infect 
1994;27:1–15. 

137. Boyce JM, Pittet D. Guideline for Hand Hygiene in Health-Care Set­
tings. Recommendations of the Healthcare Infection Control Practices 
Advisory Committee and the HICPAC/SHEA/APIC/IDSA Hand Hy­
giene Task Force. Society for Healthcare Epidemiology of America/ 
Association for Professionals in Infection Control/Infectious Diseases 
Society of America. MMWR Recomm Rep 2002;51:1–45. 

138. Pittet D, Mourouga P, Perneger TV. Compliance with handwashing in 
a teaching hospital. Infection Control Program. Ann Intern Med 1999; 
130:126–130. 

139. Boyce JM. Using alcohol for hand antisepsis: dispelling old myths. Infect 
Control Hosp Epidemiol 2000;21:438–441. 

140. Teare L, Cookson B, Stone S. Hand hygiene. BMJ 2001;323:411–412. 
141. Wullt M, Odenholt I, Walder M. Activity of three disinfectants and acid­

ified nitrite against Clostridium difficile spores. Infect Control Hosp Ep­
idemiol 2003;24:765–768. 

142. Clabots CR, Gerding SJ, Olson MM, et al. Detection of asymptomatic 

Clostridium difficile carriage by an alcohol shock procedure. J Clin Mi­
crobiol 1989;27:2386–2387. 

143. Gordin FM, Schultz ME, Huber RA, et al. Reduction in nosocomial 
transmission of drug-resistant bacteria after introduction of an alcohol-
based handrub. Infect Control Hosp Epidemiol 2005;26:650–653. 

144. Oughton M, Loo V, Fenn S, Lynch A, Libman M. Alcohol rub and 
antiseptic wipes are inferior to soap and water for removal of Clos­
tridium difficile by handwashing. In: Proceedings of the 47th Interscience 
Conference on Antimicrobial Agents and Chemotherapy; 2007; Chi­
cago, IL. Washington, DC: ASM Press; 2007. 

145. Bettin K, Clabots C, Mathie P, et al. Effectiveness of liquid soap vs. 
chlorhexidine gluconate for the removal of Clostridium difficile from 
bare hands and gloved hands. Infect Control Hosp Epidemiol 1994;15: 
697–702. 

146. Struelens MJ, Maas A, Nonhoff C, et al. Control of nosocomial trans­
mission of Clostridium difficile based on sporadic case surveillance. Am 
J Med 1991;91:138S-144S. 

147. Cartmill TD, Shrimpton SB, Panigrahi H, et al. Nosocomial diarrhoea 
due to a single strain of Clostridium difficile: a prolonged outbreak in 
elderly patients. Age Ageing 1992;21:245–249. 

148. Lai KK, Melvin ZS, Menard MJ, et al. Clostridium difficile–associated 
diarrhea: epidemiology, risk factors, and infection control. Infect Control 
Hosp Epidemiol 1997;18:628–632. 

149. Garner JS. Guideline for isolation precautions in hospitals. The Hospital 
Infection Control Practices Advisory Committee. Infect Control Hosp 
Epidemiol 1996;17:53–80. 

150. Johnson S, Gerding DN, Olson MM, et al. Prospective, controlled study 
of vinyl glove use to interrupt Clostridium difficile nosocomial trans­
mission. Am J Med  1990;88:137–140. 

151. Perry C, Marshall R, Jones E. Bacterial contamination of uniforms. J 
Hosp Infect 2001;48:238–241. 

152. Berild D, Smaabrekke L, Halvorsen DS, et al.	 Clostridium difficile in­
fections related to antibiotic use and infection control facilities in two 
university hospitals. J Hosp Infect 2003;54:202–206. 

153. Dettenkofer M, Seegers S, Antes G, et al. Does the	 architecture of 
hospital facilities influence nosocomial infection rates? A systematic 
review. Infect Control Hosp Epidemiol 2004;25:21–25. 

154. The American Institute of Architects Academy of Architecture	 for 
Health and the Facilities Guidelines Institute. Guidelines for design and 
construction of health care facilities. Washington, DC: American In­
stitute of Architects Press, 2006. 

155. Strimling MO, Sacho H, Berkowitz I. Clostridium difficile infection in 
health-care workers. Lancet 1989;2:866–867. 

156. Arfons L, Ray AJ, Donskey CJ.	 Clostridium difficile infection among 
health care workers receiving antibiotic therapy. Clin Infect Dis 2005;40: 
1384–1385. 

157. Cohen RS, DiMarino AJ Jr, Allen ML. Fecal Clostridium difficile carriage 
among medical housestaff. N J Med  1994;91:327–330. 

158. Brown E, Talbot GH, Axelrod P, et al. Risk factors for Clostridium difficile 
toxin–associated diarrhea. Infect Control Hosp Epidemiol 1990;11:283– 
290. 

159. Delmee M, Vandercam B, Avesani V, et al. Epidemiology and prevention 
of Clostridium difficile infections in a leukemia unit. Eur J Clin Microbiol 
1987;6:623–627. 

160. Bender BS, Bennett R, Laughon BE, et al. Is Clostridium difficile endemic 
in chronic-care facilities? Lancet 1986;2:11–13. 

161. Johnson S, Homann SR, Bettin KM, et al. Treatment of asymptomatic 
Clostridium difficile carriers (fecal excretors) with vancomycin or met­
ronidazole: a randomized, placebo-controlled trial. Ann Intern Med 1992; 
117:297–302. 

162. Hota B. Contamination, disinfection, and cross-colonization: are hos­
pital surfaces reservoirs for nosocomial infection? Clin Infect Dis 2004; 
39:1182–1189. 

163. O’Neill G, Adams JE, Bowman RA, et al. A molecular characterization 
of Clostridium difficile isolates from humans, animals and their envi­
ronments. Epidemiol Infect 1993;111:257–264. 



454 infection control and hospital epidemiology may 2010, vol. 31, no. 5 

164. Kim KH, Fekety R, Batts DH, et al. Isolation of	 Clostridium difficile 
from the environment and contacts of patients with antibiotic-associ­
ated colitis. J Infect Dis 1981;143:42–50. 

165. Fawley WN, Underwood S, Freeman J, et al. Efficacy of hospital cleaning 
agents and germicides against epidemic Clostridium difficile strains. In­
fect Control Hosp Epidemiol 2007;28:920–925. 

166. Manian FA, Meyer L, Jenne J.	 Clostridium difficile contamination of 
blood pressure cuffs: a call for a closer look at gloving practices in the 
era of universal precautions. Infect Control Hosp Epidemiol 1996;17:180– 
182. 

167. Brooks S, Khan A, Stoica D, et al. Reduction in vancomycin-resistant 
Enterococcus and Clostridium difficile infections following change to tym­
panic thermometers. Infect Control Hosp Epidemiol 1998;19:333–336. 

168. Jernigan JA, Siegman-Igra Y, Guerrant RC, et al. A randomized cross­
over study of disposable thermometers for prevention of Clostridium 
difficile and other nosocomial infections. Infect Control Hosp Epidemiol 
1998;19:494–49. 

169. Kaatz GW, Gitlin SD, Schaberg DR, et al. Acquisition of Clostridium 
difficile from the hospital environment. Am J Epidemiol 1988;127:1289– 
1294. 

170. Boyce JM, Havill NL, Otter JA, et al. Impact of hydrogen peroxide 
vapor room decontamination on Clostridium difficile environmental 
contamination and transmission in a healthcare setting. Infect Control 
Hosp Epidemiol 2008;29:723–729. 

171. Rutala WA, Gergen MF, Weber DJ. Inactivation of Clostridium difficile 
spores by disinfectants. Infect Control Hosp Epidemiol 1993;14:36–39. 

172. Block C. The effect of Perasafe and sodium dichloroisocyanurate (NaDCC) 
against spores of Clostridium difficile and Bacillus atrophaeus on stainless 
steel and polyvinyl chloride surfaces. J Hosp Infect 2004;57:144–148. 

173. Perez J, Springthorpe VS, Sattar SA. Activity of selected oxidizing mi­
crobicides against the spores of Clostridium difficile: relevance to en­
vironmental control. Am J Infect Control 2005;33:320–325. 

174. Chang HT, Krezolek D, Johnson S, et al. Onset of symptoms and time 
to diagnosis of Clostridium difficile–associated disease following dis­
charge from an acute care hospital. Infect Control Hosp Epidemiol 2007; 
28:926–931. 

175. McFarland LV, Surawicz CM, Stamm WE. Risk factors for Clostridium 
difficile carriage and C. difficile–associated diarrhea in a cohort of hos­
pitalized patients. J Infect Dis 1990;162:678–684. 

176. Wistrom J, Norrby SR, Myhre EB, et al. Frequency of antibiotic-as­
sociated diarrhoea in 2462 antibiotic-treated hospitalized patients: a 
prospective study. J Antimicrob Chemother 2001;47:43–50. 

177. Bignardi GE. Risk factors for Clostridium difficile infection. J Hosp Infect 
1998;40:1–15. 

178. Davey P, Brown E, Fenelon L, et al. Interventions to improve antibiotic 
prescribing practices for hospital inpatients. Cochrane Database Syst Rev 
2005;19:CD003543. 

179. Pear SM, Williamson TH, Bettin KM, et al. Decrease in nosocomial 
Clostridium difficile–associated diarrhea by restricting clindamycin use. 
Ann Intern Med 1994;120:272–277. 

180. Climo MW, Israel DS, Wong ES, et al. Hospital-wide restriction of 
clindamycin: effect on the incidence of Clostridium difficile–associated 
diarrhea and cost. Ann Intern Med 1998;128:989–995. 

181. Carling P, Fung T, Killion A, et al. Favorable impact of a multidisci­
plinary antibiotic management program conducted during 7 years. In­
fect Control Hosp Epidemiol 2003;24:699–706. 

182. McNulty C, Logan M, Donald IP, et al. Successful control of Clostridium 
difficile infection in an elderly care unit through use of a restrictive 
antibiotic policy. J Antimicrob Chemother 1997;40:707–711. 

183. Khan R, Cheesbrough J. Impact of changes in antibiotic policy	 on 
Clostridium difficile–associated diarrhoea (CDAD) over a five-year pe­
riod in a district general hospital. J Hosp Infect 2003;54:104–108. 

184. Wilcox MH, Freeman J, Fawley W, et al. Long-term surveillance of 
cefotaxime and piperacillin-tazobactam prescribing and incidence of 
Clostridium difficile diarrhoea. J Antimicrob Chemother 2004;54:168–172. 

185. Alston WK, Ahern JW. Increase in the rate of nosocomial Clostridium 

difficile–associated diarrhoea during shortages of piperacillin-tazobac­
tam and piperacillin. J Antimicrob Chemother 2004;53:549–550. 

186. Valiquette L, Cossette B, Garant MP, et al. 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 2007;45(Suppl 2):S112–S121. 

187. 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 2004;38:640–645. 

188. Biller P, Shank B, Lind L, et al. Moxifloxacin therapy as a risk factor 
for Clostridium difficile–associated disease during an outbreak: attempts 
to control a new epidemic strain. Infect Control Hosp Epidemiol 2007;28: 
198–201. 

189. Hickson M, D’Souza AL, Muthu N, et al. Use of probiotic Lactobacillus 
preparation to prevent diarrhoea associated with antibiotics: random­
ised double blind placebo controlled trial. BMJ 2007;335:80. 

190. Teasley DG, Gerding DN, Olson MM, et al. Prospective randomised 
trial of metronidazole versus vancomycin for Clostridium difficile–as­
sociated diarrhoea and colitis. Lancet 1983;2:1043–1046. 

191. Wenisch C, Parschalk B, Hasenhundl M, et al. Comparison of vanco­
mycin, teicoplanin, metronidazole, and fusidic acid for the treatment 
of Clostridium difficile–associated diarrhea. Clin Infect Dis 1996;22:813– 
818. 

192. Wullt M, Odenholt I. A double-blind randomized controlled trial of 
fusidic acid and metronidazole for treatment of an initial episode of 
Clostridium difficile–associated diarrhoea. J Antimicrob Chemother 2004;54: 
211–216. 

193. Bricker E, Garg R, Nelson R, Loza A, Novak T, Hansen J. Antibiotic 
treatment for Clostridium difficile–associated diarrhea in adults. Coch­
rane Database Syst Rev 2005(1):CD004610. 

194. Recommendations for preventing the spread of vancomycin resistance: 
recommendations of the Hospital Infection Control Practices Advisory 
Committee (HICPAC). MMWR Recomm Rep 1995;44(RR-12):1–13. 

195. Fekety R. Guidelines for the diagnosis and management of Clostridium 
difficile–associated diarrhea and colitis. American College of Gastro­
enterology, Practice Parameters Committee. Am J Gastroenterol 1997;92: 
739–750. 

196. Bolton RP, Culshaw MA. Faecal metronidazole concentrations during 
oral and intravenous therapy for antibiotic associated colitis due to 
Clostridium difficile. Gut 1986;27:1169–1172. 

197. Keighley MR, Burdon DW, Arabi Y, et al. Randomised controlled trial 
of vancomycin for pseudomembranous colitis and postoperative di­
arrhoea. BMJ 1978;2:1667–1669. 

198. Baird DR. Comparison of two oral formulations of vancomycin for 
treatment of diarrhoea associated with Clostridium difficile. J Antimicrob 
Chemother 1989;23:167–169. 

199. Olsson-Liljequist B, Nord CE. In vitro susceptibility of anaerobic bac­
teria to nitroimidazoles. Scand J Infect Dis Suppl 1981;26:42–45. 

200. Wong SS, Woo PC, Luk WK, et al. Susceptibility testing of Clostridium 
difficile against metronidazole and vancomycin by disk diffusion and 
Etest. Diagn Microbiol Infect Dis 1999;34:1–6. 

201. Freeman J, Stott J, Baines SD, et al. Surveillance for resistance to met­
ronidazole and vancomycin in genotypically distinct and UK epidemic 
Clostridium difficile isolates in a large teaching hospital. J Antimicrob Che­
mother 2005;56:988–989. 

202. Drummond LJ, McCoubrey J, Smith DG, et al. Changes in sensitivity 
patterns to selected antibiotics in Clostridium difficile in geriatric in­
patients over an 18-month period. J Med Microbiol 2003;52:259–263. 

203. Aspevall O, Lundberg A, Burman LG, et al. Antimicrobial susceptibil­
ity pattern of Clostridium difficile and its relation to PCR ribotypes 
in a Swedish university hospital. Antimicrob Agents Chemother 2006; 
50:1890–1892. 

204. Pelaez T, Alcala L, Alonso R, et al. In vitro activity of ramoplanin against 
Clostridium difficile, including strains with reduced susceptibility to van­
comycin or with resistance to metronidazole. Antimicrob Agents Chemo­
ther 2005;49:1157–1159. 



205. Baines SD, O’Connor R, Freeman J, et al. Emergence of reduced sus­
ceptibility to metronidazole in Clostridium difficile. J Antimicrob Chemo­
ther 2008;62:1046–1052. 

206. Musher DM, Aslam S, Logan N, et al. Relatively poor outcome after 
treatment of Clostridium difficile colitis with metronidazole. Clin Infect 
Dis 2005;40:1586–1590. 

207. Bishara J, Bloch Y, Garty M, et al. Antimicrobial resistance of Clostrid­
ium difficile isolates in a tertiary medical center, Israel. Diagn Microbiol 
Infect Dis 2006;54:141–144. 

208. Lamontagne F, Labbe AC, Haeck O, et al. Impact of emergency colec­
tomy on survival of patients with fulminant Clostridium difficile colitis 
during an epidemic caused by a hypervirulent strain. Ann Surg 2007;245: 
267–272. 

209. Belmares J, Gerding DN, Parada JP, et al. Outcome of metronidazole 
therapy for Clostridium difficile disease and correlation with a scoring 
system. J Infect 2007;55:495–501. 

210. Pepin J, Valiquette L, Gagnon S, et al. Outcomes of Clostridium difficile– 
associated disease treated with metronidazole or vancomycin before and 
after the emergence of NAP 1/027. Am J Gastroenterol 2007;102:2781– 
2788. 

211. Zar FA, Bakkanagari SR, Moorthi KM, et al. A comparison of vanco­
mycin and metronidazole for the treatment of Clostridium difficile– 
associated diarrhea, stratified by disease severity. Clin Infect Dis 2007;45: 
302–307. 

212. Louie T, Gerson M, Grimard D, et al. Results of a phase III trial com­
paring tolevamer, vancomycin and metronidazole in patients with Clos­
tridium difficile–associated diarrhea (CDAD). In: Proceedings of the 
47th Annual Interscience Conference on Antimicrobial Agents and Che­
motherapy; 2007; Chicago, IL. Washington, DC: ASM Press; 2007. Ab­
stract K-425a 

213. Apisarnthanarak A, Razavi B, Mundy LM. Adjunctive intracolonic van­
comycin for severe Clostridium difficile colitis: case series and review of 
the literature. Clin Infect Dis 2002;35:690–696. 

214. McPherson S, Rees CJ, Ellis R, et al. Intravenous immunoglobulin for 
the treatment of severe, refractory, and recurrent Clostridium difficile 
diarrhea. Dis Colon Rectum 2006;49:640–645. 

215. Longo WE, Mazuski JE, Virgo KS, et al. Outcome after colectomy for 
Clostridium difficile colitis. Dis Colon Rectum 2004;47:1620–1626. 

216. Bartlett JG. Treatment of antibiotic-associated pseudomembranous co­
litis. Rev Infect Dis 1984;6(Suppl 1):S235–S241. 

217. Bartlett JG. Antibiotic-associated diarrhea. Clin Infect Dis 1992;15:573– 
581. 

218. Barbut F, Richard A, Hamadi K, et al. Epidemiology of recurrences or 
reinfections of Clostridium difficile–associated diarrhea. J Clin Microbiol 
2000;38:2386–2388. 

practice guidelines for c. difficile infection in adults 455 

219. Johnson S, Adelmann A, Clabots CR, et al. Recurrences of Clostridium 
difficile diarrhea not caused by the original infecting organism. J Infect 
Dis 1989;159:340–33. 

220. Pepin J, Saheb N, Coulombe MA, et al. Emergence of fluoroquinolones 
as the predominant risk factor for Clostridium difficile–associated diarrhea: 
a cohort study during an epidemic in Quebec. Clin Infect Dis 2005;41: 
1254–1260. 

221. Nair S, Yadav D, Corpuz M, et al.	 Clostridium difficile colitis: factors 
influencing treatment failure and relapse–a prospective evaluation. Am 
J Gastroenterol 1998;93:1873–1876. 

222. Pepin J, Routhier S, Gagnon S, et al. Management and outcomes of a 
first recurrence of Clostridium difficile–associated disease in Quebec, 
Canada. Clin Infect Dis 2006;42:758–764. 

223. Kapoor K, Chandra M, Nag D, et al. Evaluation of metronidazole tox­
icity: a prospective study. Int J Clin Pharmacol Res 1999;19:83–88. 

224. Lagrotteria D, Holmes S, Smieja M, et al. Prospective, randomized in­
patient study of oral metronidazole versus oral metronidazole and rif­
ampin for treatment of primary episode of Clostridium difficile–associated 
diarrhea. Clin Infect Dis 2006;43:547–552. 

225. Johnson S, Schriever C, Galang M, et al. Interruption of recurrent Clos­
tridium difficile–associated diarrhea episodes by serial therapy with van­
comycin and rifaximin. Clin Infect Dis 2007;44:846–848. 

226. Curry SR, Marsh JW, Shutt KA, et al. High frequency of rifampin resistance 
identified in an epidemic Clostridium difficile clone from a large teaching 
hospital. Clin Infect Dis 2009;48:425–429. 

227. Enache-Angoulvant A, Hennequin C. Invasive Saccharomyces infection: 
a comprehensive review. Clin Infect Dis 2005;41:1559–1568. 

228. Dendukuri N, Costa V, McGregor M, et al. Probiotic therapy for the 
prevention and treatment of Clostridium difficile–associated diarrhea: a 
systematic review. CMAJ 2005;173:167–170. 

229. Gustafsson A, Lund-Tonnesen S, Berstad A, et al. Faecal short-chain 
fatty acids in patients with antibiotic-associated diarrhoea, before and 
after faecal enema treatment. Scand J Gastroenterol 1998;33:721–727. 

230. 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 2003;36:580–585. 

231. Giannasca PJ, Warny M. Active and passive immunization against Clos­
tridium difficile diarrhea and colitis. Vaccine 2004;22:848–856. 

232. Wilcox MH. Descriptive study of intravenous immunoglobulin for the 
treatment of recurrent Clostridium difficile diarrhoea. J Antimicrob Che­
mother 2004;53:882–884. 

233. Salcedo J, Keates S, Pothoulakis C, et al. Intravenous immunoglobulin 
therapy for severe Clostridium difficile colitis. Gut 1997;41:366–370. 


