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A 53-year-old woman reports severe watery
diarrhea with cramps. She is in her 7th day of
a 10-day course of cefixime, prescribed for
bronchitis. How should she be evaluated and
treated?

 

THE CLINICAL PROBLEM

 

Antibiotic-associated diarrhea is defined as other-
wise unexplained diarrhea that occurs in association
with the administration of antibiotics. The frequency
of this complication varies among antibacterial agents.
Diarrhea occurs in approximately 5 to 10 percent of
patients who are treated with ampicillin, 10 to 25
percent of those who are treated with amoxicillin–
clavulanate, 15 to 20 percent of those who receive
cefixime, and 2 to 5 percent of those who are treated
with other cephalosporins, fluoroquinolones, azithro-
mycin, clarithromycin, erythromycin, and tetracy-
cline.

 

1,2

 

 The rates of diarrhea associated with parenter-
ally administered antibiotics, especially those with
enterohepatic circulation, are similar to rates associ-
ated with orally administered agents.

 

3

 

The spectrum of findings in antibiotic-associated di-
arrhea ranges from colitis, which is a potential source
of serious progressive disease, to “nuisance diarrhea,”
which is defined as frequent loose and watery stools
with no other complications. The clinical manifesta-
tions of antibiotic-associated colitis include abdom-
inal cramping, fever, leukocytosis, fecal leukocytes,
hypoalbuminemia, colonic thickening on computed
tomography (CT), and characteristic changes appar-
ent on endoscopic inspection or biopsy. Although
infection with 

 

Clostridium difficile

 

 accounts for only
10 to 20 percent of the cases of antibiotic-associated
diarrhea, it accounts for the majority of cases of coli-
tis associated with antibiotic therapy.

 

4-6

 

STRATEGIES AND EVIDENCE

 

The usual challenge to physicians is to identify cas-
es of antibiotic-associated diarrhea that are due to

 

C. difficile

 

 infection, since this is the most common
identifiable and treatable pathogen. Clindamycin,
cephalosporins, and penicillins are the antibiotics most
frequently associated with 

 

C. difficile

 

 diarrhea, al-
though they also cause diarrhea that is unrelated to
superinfection with this organism.

 

1

 

 Clinical features
that can be used to distinguish between diarrhea as-
sociated with 

 

C. difficile

 

 infection and antibiotic-
associated diarrhea that is due to other mechanisms
are summarized in Table 1.

 

Mechanisms Other Than 

 

C. difficile

 

 Infection

 

Multiple laboratories report that only 10 to 20
percent of stool specimens submitted for testing for

 

C. difficile

 

 toxin are positive.

 

1,3-6

 

 Antibiotic-associated
diarrhea may also be caused by other enteric patho-
gens, by the direct effects of antimicrobial agents on
the intestinal mucosa, and by the metabolic conse-
quences of reduced concentrations of fecal flora.

Other enteric pathogens that can cause diarrhea
include salmonella, 

 

C. perfringens

 

 type A, 

 

Staphylo-
coccus aureus

 

, and possibly 

 

Candida albicans

 

. 

 

C. per-
fringens

 

 type A produces an enterotoxin known to
cause food poisoning; more recently, a different gen-
otype has been implicated in antibiotic-associated
diarrhea.

 

7

 

 Infection with either subtype causes a self-
limited diarrhea that generally resolves within 24
hours. There is no specific treatment, and few labo-
ratories offer the diagnostic tests necessary to iden-
tify this pathogen.

 

Staph. aureus

 

 was implicated as the chief cause of
antibiotic-associated pseudomembranous enteroco-
litis in the 1950s.

 

8

 

 It is unclear whether this finding
represented misdiagnosis of 

 

C. difficile

 

 infection or

 

Staph. aureus

 

 caused a different disease — an entero-
colitis instead of colitis. The distinction is important
because metronidazole is effective for 

 

C. difficile

 

 in-
fection but not for 

 

Staph. aureus

 

 infection. The find-
ing of candida species in the stool at a concentration
of more than 100,000 organisms per gram and in
some patients whose condition has improved after
nystatin therapy has suggested that candida species
may cause antibiotic-associated diarrhea; however,
many authorities question the validity of the evi-
dence.

 

9

 

 Multidrug-resistant 

 

Salmonella newport

 

 from
contaminated beef was implicated in an outbreak of
diarrhea among patients who had taken ampicillin.

 

10

 

Fluoroquinolone-resistant enteric disease caused by
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salmonella has also been reported; most of the af-
fected patients had previously taken fluoroquino-
lones.

 

11

 

 Salmonella may also cause pseudomembra-
nous colitis.

 

12

 

Drugs have multiple effects on the gastrointestinal
tract,

 

13

 

 including some that are independent of anti-
microbial activity. Erythromycin acts as a motilin-
receptor agonist and accelerates the rate of gastric
emptying. The clavulanate in amoxicillin–clavulanate
appears to stimulate small-bowel motility, and in rare
instances, penicillins may cause segmental colitis.

 

14

 

Antibiotics may substantially reduce the concen-
tration of fecal anaerobes that are normally present.
As a consequence, the metabolism of carbohydrates
may decrease, which causes osmotic diarrhea, and
the rate of breakdown of primary bile acids, which
are potent colonic secretory agents, may be reduced.
Neither mechanism is clearly established as a cause
of antibiotic-associated diarrhea, but the efficacy of
enemas with fecal flora in treating this problem sug-
gests that changes in fecal flora are a contributing
factor.

 

15

 

In many suspected cases, nonantibiotic drugs are
the cause of diarrhea attributed to antibiotics; these
include laxatives, antacids, contrast agents, products
containing lactose or sorbitol, nonsteroidal antiin-
flammatory drugs, antiarrhythmic drugs, and cholin-
ergic agents.

 

13

 

Diarrhea Associated with 

 

C. difficile

 

 Infection

 

Infection with 

 

C. difficile

 

 causes a toxin-mediated
enteric disease the characteristic clinical and patho-

logical features of which have been reproduced in
hamsters.

 

1

 

 It has a characteristic endoscopic appear-
ance in people (Fig. 1).

 

Risk Factors

 

Major risk factors for 

 

C. difficile

 

 infection include
advanced age, hospitalization, and exposure to anti-
biotics. Hospitalized adults have rates of coloniza-
tion of 20 to 30 percent, as compared with a rate of
3 percent in outpatients.

 

1,16,17

 

 A population-based
study in Sweden showed that, in people who were
older than 60 years of age, the incidence of positive
assays for 

 

C. difficile

 

 toxin was 20 to 100 times as
high as the incidence in people who were 10 to 20
years of age.

 

18

 

 The antibiotics most frequently impli-
cated in diarrhea associated with 

 

C. difficile

 

 infec-
tion are clindamycin, expanded-spectrum penicillins,
and cephalosporins.

 

1,4-6,19

 

 However, virtually any an-
tibiotic may be implicated, including brief courses of
antibiotics that are given prophylactically before sur-
gery (with the exception of parenteral vancomycin).
Occasional cases follow treatment with methotrexate
or paclitaxel for cancer chemotherapy.

Recent studies suggest that immunologic suscep-
tibility has a role in 

 

C. difficile

 

 infection. The pres-
ence of IgG antibody against toxin A protects against
the clinical expression of 

 

C. difficile 

 

infection

 

20

 

 and
against relapse.

 

21

 

Diagnostic Tests

 

Findings that are considered nonspecific for but
suggestive of 

 

C. difficile

 

 infection include leukocyto-

 

*CT denotes computed tomography.
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Most commonly implicated antibiotics Clindamycin, cephalosporins, penicillins Clindamycin, cephalosporins, or 
amoxicillin–clavulanate

History Usually no relevant history of antibiotic 
intolerance

History of diarrhea with antibiotic therapy 
common

Clinical features
Diarrhea

Findings on CT or endoscopy*
Complications

Results of assay for 

 

C. difficile

 

 toxin

May be florid; evidence of colitis with cramps, 
fever, and fecal leukocytes common

Evidence of colitis (not enteritis) common
Hypoalbuminemia, anasarca, toxic megacolon, 

relapses with treatment with metronidazole 
or vancomycin

Positive

Usually moderate in severity (i.e., “nuisance 
diarrhea”) without evidence of colitis

Usually normal
Usually none except occasional cases of 

dehydration

Negative
Epidemiologic pattern May be epidemic or endemic in hospitals or 

long-term care facilities
Sporadic

Treatment
Withdrawal of implicated antibiotic
Antiperistaltic agents
Oral metronidazole or vancomycin

May resolve but often persists or progresses
Contraindicated
Prompt response

Usually resolves
Often useful
Not indicated
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sis,

 

22

 

 hypoalbuminemia (reflecting a protein-losing
enteropathy), and fecal leukocytes.

 

23,24

 

 Histologic
findings in the colon range from normal to pseudo-
membranous colitis. Pseudomembranous colitis is
uncommon but specific, since nearly all cases are at-
tributed to 

 

C. difficile

 

 infection.

 

1,4-6,16

 

 Although ab-
dominal radiography, CT, and endoscopy may facili-
tate the detection of 

 

C. difficile

 

 infection, these
methods are nonspecific, relatively insensitive, and of-
ten expensive, and they have been almost completely
supplanted by assays for 

 

C. difficile

 

 toxin.
The cytotoxin assay that uses tissue culture has

been the gold standard for diagnosis. It is the most
sensitive test,

 

25,26

 

 detecting as little as 10 pg of toxin
B. However, most laboratories do not offer tissue-cul-
ture assays, and the results of the assay are not avail-
able for 24 to 48 hours. Alternatives include enzyme
immunoassays and “toxin-culture assays.”

 

1,4-6,25-31

 

 En-
zyme immunoassays are now offered by most labo-
ratories and have good specificity, but 100 to 1000
pg of either toxin A or toxin B must be present for
the test to be positive. Therefore, there is a false neg-
ative rate of 10 to 20 percent. Commercially avail-
able reagents will detect toxin A or toxins A and B.
Those that detect both toxin A and toxin B are pre-
ferred, since 1 to 2 percent of cases involve strains of

 

C. difficile

 

 that produce only toxin B.

 

31

 

 The results
of this test should be available within hours or with-
in one day.

The diagnosis can also be made by culturing stool
on selective medium, including the toxin-culture as-
say, with broth cultures of isolates to identify toxi-
genic strains.

 

27,29,30

 

 The advantage of this approach,
if it is done correctly, is the high degree of sensitiv-

ity. Limitations are the lack of specificity, the delay
of three to four days before results are available, and
the small number of laboratories that offer this test.

It may be useful to test more than one stool spec-
imen for 

 

C. difficile

 

 toxin. Performing enzyme immu-
noassays on two or three specimens, rather than one,
not only increases the diagnostic yield by 5 to 10 per-
cent,

 

23

 

 but also increases the cost, since each assay
costs approximately $40.

 

Treatment

 

Indications for treatment with metronidazole or
vancomycin include positive assays for 

 

C. difficile

 

 tox-
in, with evidence of colitis (fever, leukocytosis, and
characteristic findings on CT or endoscopy); severe
diarrhea; persistent diarrhea despite the discontinu-
ation of the implicated agent; or the need to contin-
ue treating the original infection. Oral metronida-
zole (500 mg three times daily or 250 mg four times
daily) and oral vancomycin (125 mg four times dai-
ly) have similar rates of efficacy, with response rates
of 90 to 97 percent.

 

32,33

 

 The usual duration of ther-
apy is 10 days, although few studies have addressed
the relative merits of longer or shorter courses. Ideal-
ly, all antibiotic treatment should be oral, since 

 

C. dif-
ficile

 

 is restricted to the lumen of the colon. If intra-
venous treatment is required, only metronidazole
(and not vancomycin) is effective, since this approach
will still result in moderate concentrations of the drug
in the colon.

 

6

 

 The anticipated response to treatment
is resolution of fever within one day and resolution
of diarrhea in four to five days.

 

6

 

 Metronidazole is
preferred because it is less expensive than vancomy-
cin and avoids the potential risk of promoting van-
comycin-resistant enterococci in nosocomial cases.
Indications for oral vancomycin, as opposed to met-
ronidazole, are pregnancy, lactation, intolerance of
metronidazole, or failure to respond to metronida-
zole after three to five days of treatment.

Most 

 

C. difficile

 

 infections respond to either vanco-
mycin or metronidazole, and the lack of a response
should prompt an evaluation of compliance, a search
for an alternative diagnosis, or an assessment for ileus
or toxic megacolon, since these conditions may pre-
vent the drug from reaching the target site. For pa-
tients with ileus, transport of the antibiotic to the
colonic lumen may be increased by using high doses
of oral vancomycin (500 mg four times daily) or by
instilling vancomycin or metronidazole through long
tubes inserted orally or anally. Severely ill patients
who have no response to metronidazole or vanco-
mycin may, in rare instances, require colectomy.

 

Relapsing Infection

 

The chief complication of antibiotic treatment is
relapse, which occurs in about 20 to 25 percent of

 

Figure 1.

 

 Typical Endoscopic Findings in a Patient with Diarrhea
Associated with 

 

Clostridium difficile

 

 Infection.
Widely disseminated, punctate yellow plaques are present,
which are characteristic of pseudomembranes.
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cases.4-6,25,34,35 Relapse is suggested by the recurrence
of symptoms, usually 3 to 21 days (average, 6) after
metronidazole or vancomycin is discontinued. As-
says for C. difficile toxin are usually unnecessary im-
mediately after the completion of treatment, and the
results may be misleading, since about one third of
patients for whom therapy is successful have positive
assays. Most relapses respond to another course of an-
tibiotics in standard doses for 10 days, but 3 to 5 per-
cent of patients have more than six relapses.1,25,34-37

Factors that do not appear to influence the frequency
of relapses are switching from one antibiotic to an-
other for treatment and prolonged courses of these
drugs.

Management is controversial, and the course may
involve complications and considerable expense,
with a mean cost of $10,970 in one report.36 For re-
peated relapses, treatment for four to six weeks has
been proposed to control C. difficile infection while
the normal flora becomes reestablished. Approaches
to this more prolonged treatment include the use of
pulsed doses of vancomycin (125 mg every other
day to keep C. difficile in the spore state with mini-
mal effects on the fecal flora), the administration of
anion-exchange resins to absorb C. difficile toxin
(such as 4 g of cholestyramine three times daily), or
the use of agents to antagonize C. difficile (such as
Saccharomyces boulardii or lactobacillus strain GG).35,37

Others have proposed the use of intravenous im-
mune globulin, on the basis of recent data showing
that patients with relapses have reduced plasma con-
centrations of IgG antibodies against toxin A.21 De-
spite the logic, the cost is high, and published data
are limited.38

Enemas with human stool or stool flora obtained
from broth cultures have also been suggested as a
means of reconstituting normal flora. Response rates
are good,39 but this solution is usually unnecessary,
lacks esthetic appeal, is mechanically unwieldy, and
carries a potential risk of transmission of retroviruses
or other agents.

Epidemics

C. difficile is an important nosocomial pathogen,
and some hospitals and long-term care facilities have
reported epidemics of diarrhea caused by this
agent.40-42 Infection-control policies are well estab-
lished but may fail. Restricting the use of antibiotics,
particularly clindamycin, has been shown to control
an epidemic.40,43 Strain typing has been suggested as
a method to evaluate epidemics, but most laborato-
ries do not offer this test, and there are no clearly
effective strain-specific interventions.

AREAS OF UNCERTAINTY

The optimal approach to managing a relapse of
diarrhea associated with C. difficile infection is un-

clear. More effective interventions are needed to lim-
it epidemics in hospitals and long-term care facilities.
Better understanding is needed of the causes of anti-
biotic-associated diarrhea that is not due to C. diffi-
cile infection. There is no diagnostic test specific for
antibiotic-associated diarrhea, and effective treatment
is generally limited to discontinuation of the impli-
cated agent, with or without therapy with antiperi-
staltic agents. Infections with Staph. aureus and can-
dida are treatable, but methods for their detection
are not well standardized, and their role as enteric
pathogens is debated.

GUIDELINES

The Infectious Diseases Society of America24 and
the Society for Hospital Epidemiology of America40

(SHEA) have devised guidelines for detecting C. dif-
ficile toxin (Table 2). The Infectious Diseases Society
of America, SHEA,40 and the Centers for Disease
Control and Prevention45 have all issued guidelines
for treatment. All advocate metronidazole as the
preferred therapy, at a dose of 500 mg orally three
times daily or 250 mg orally four times daily for 10
days.24 Antiperistaltic agents should be avoided be-
cause they may promote retention of the toxin.24

SHEA guidelines for infection control in hospitals
and long-term care facilities are summarized in Table
3.40 Outbreaks may require restricting the use of an-
tibiotics, especially clindamycin.5,40-43

CONCLUSIONS AND RECOMMENDATIONS

The possibility of C. difficile infection should be
considered in all patients with unexplained diarrhea
who are receiving or who have recently received an-
tibiotics. The tests used for diagnosis will depend on
the kinds of laboratory tests that are available. En-
zyme immunoassays to detect toxin A or toxins A

*Data are based on recommendations from the Infectious Diseases So-
ciety of America24 and the Society for Hospital Epidemiology of America.40

†Exceptions to the three-day rule may be made in the case of patients who
are at least 65 years of age, those with coexisting conditions, those infected
with human immunodeficiency virus, and those with neutropenia.44

TABLE 2. GUIDELINES FOR THE USE OF THE CLOSTRIDIUM 
DIFFICILE TOXIN ASSAY.*

Only diarrheal stools should be tested unless there is ileus.
“A test of cure” should not be performed except as part of an epidemio-

logic investigation.
Only specimens from patients who are older than one year of age should 

be tested.
Enzyme immunoassay is an acceptable alternative to the cytotoxin assay but 

is less sensitive.
Diarrhea that develops after three days of hospitalization should be tested 

only for C. difficile toxin (the three-day rule).†

The New England Journal of Medicine 
Downloaded from nejm.org at MIT LIBRARIES on August 8, 2013. For personal use only. No other uses without permission. 

 Copyright © 2002 Massachusetts Medical Society. All rights reserved. 



338 · N Engl J Med, Vol. 346, No. 5 · January 31, 2002 · www.nejm.org

The New England Journal  of  Medicine

and B are usually available. An enzyme immunoassay
that detects both toxins A and B is preferable to pre-
vent false negative results in cases caused by strains
that produce only toxin B.

The decision to continue, change, or discontinue
antibiotics in a patient with antibiotic-associated di-
arrhea depends on the severity of symptoms, the
probability of C. difficile infection, and the need for
further antibiotic therapy (Table 4). Many patients
with enteric disease caused by C. difficile infection
have a response to withdrawal of the inducing agent.
This approach has the advantage of averting relapses.
In a case such as that described in the vignette, I
would discontinue treatment with the antibiotic,
which precipitated C. difficile infection.

If there is evidence of colitis or severe diarrhea or
if discontinuation of the implicated antibiotic is not
possible or does not result in resolution of diarrhea,
a 10-day course of therapy with metronidazole or
vancomycin is indicated. The oral route should be
used whenever possible, although metronidazole can
be given intravenously if necessary. The majority of
patients will have a response, although relapse may
occur. If the patient in the vignette has a positive as-
say for C. difficile toxin, she should be treated with
metronidazole since she has severe diarrhea. Follow-
up testing for C. difficile toxin is not indicated, and
the results could be misleading.

If the results of assays for C. difficile toxin are
negative in a patient with persistent symptoms who
has probable C. difficile–induced enteric disease, the
alternatives are to repeat the test, use alternative tests,
expand the diagnostic evaluation to include other
causes, or treat empirically. Repeating the test slightly
increases the diagnostic yield. In patients who have
severe cases and negative results on assays for C. dif-
ficile toxin, it is reasonable to test for enteric patho-
gens, including Staph. aureus and salmonella. The
antibiotics used to treat infection with these micro-
organisms differ from those for C. difficile infection.

In cases in which the validity of a negative result on
the toxin assay is seriously questioned, the recom-
mendation is to treat it as a case of C. difficile–
associated disease. The lack of a response to metro-
nidazole and a negative result on assays for C. difficile
are strong evidence against this diagnosis.

REFERENCES

1. Bartlett JG. Antibiotic-associated diarrhea. Clin Infect Dis 1992;15:
573-81.
2. Gilbert DN. Aspects of the safety profile of oral antimicrobial agents. 
Infect Dis Clin Pract 1995;4:Suppl 2:S103-S112.
3. Wistrom J, Norrby SR, Myhre EB, et al. Frequency of antibiotic-asso-
ciated diarrhoea in 2462 antibiotic-treated hospitalized patients: a prospec-
tive study. J Antimicrob Chemother 2001;47:43-50.
4. Kelly CP, Pothoulakis C, LaMont JT. Clostridium difficile colitis. 
N Engl J Med 1994;330:257-62.
5. Gerding DN. Disease associated with Clostridium difficile infection. 
Ann Intern Med 1989;110:255-7.
6. Fekety R, Shah AB. Diagnosis and treatment of Clostridium difficile 
colitis. JAMA 1993;269:71-5.
7. Sparks SG, Carman RJ, Sarker MR, McClane BA. Genotyping of enter-
otoxigenic Clostridium perfringens fecal isolates associated with antibiotic-
associated diarrhea and food poisoning in North America. J Clin Microbiol 
2001;39:883-8.
8. Altemeier WA, Hummel RP, Hill EO. Staphylococcal enterocolitis fol-
lowing antibiotic therapy. Ann Surg 1963;157:847-57.
9. Forbes D, Ee L, Camer-Pesci P, Ward PB. Faecal candida and diarrhoea. 
Arch Dis Child 2001;84:328-31.
10. Sun M. In search of Salmonella’s smoking gun. Science 1984;226:30-
2.
11. Olsen SJ, DeBess EE, McGivern TE, et al. A nosocomial outbreak of 
fluoroquinolone-resistant salmonella infection. N Engl J Med 2001;344:
1572-9.
12. Hovius SE, Rietra PJ. Salmonella colitis clinically presenting as a pseu-
domembranous colitis. Neth J Surg 1982;34:81-2.

*Data are from the Society for Hospital Epidemiology of America.40

TABLE 3. GUIDELINES FOR CONTROLLING CLOSTRIDIUM DIFFICILE 
INFECTION IN HOSPITALS AND LONG-TERM CARE FACILITIES.*

Personnel should wash their hands frequently with soap.

Clinicians should use vinyl gloves when they are caring for patients.

Environmental surfaces should be cleaned with sporicidal agents.

Symptomatic patients should be placed in private rooms, especially if they 
are incontinent of stool.

The use of rectal thermometers should be avoided.

Outbreaks may require restriction of the use of antibiotics.

*The policies are outlined in Table 3.40

TABLE 4. MANAGEMENT OF DIARRHEA AND COLITIS ASSOCIATED 
WITH CLOSTRIDIUM DIFFICILE INFECTION.

Discontinue treatment with the implicated antibiotic.
If it is necessary to treat the original infection, use an antibiotic that is 

infrequently implicated in antibiotic-associated diarrhea: aminoglyco-
sides, sulfonamides, macrolides, vancomycin, tetracycline, or possibly 
fluoroquinolones.

Avoid the use of clindamycin, cephalosporins, extended-spectrum peni-
cillins, and agents implicated in the current case.

Use supportive measures.
Correct fluid losses and electrolyte imbalances.
Give additional oral fluids to patients with moderately severe diarrhea.
In patients with severe or dehydrating diarrhea, provide intravenous or 

oral fluids (or both) that contain electrolyte concentrations similar to 
those recommended by the World Health Organization.24

Avoid the use of antiperistaltic agents (e.g., loperamide and opiates).
Observe infection-control policies for hospitalized patients.*
Provide antibiotic therapy if diarrhea is severe, there is evidence of colitis, 

diarrhea persists despite the discontinuation of implicated agent, or 
there is a need to continue treatment of the original infection.

The usual treatment consists of 500 mg of metronidazole orally three 
times daily or 250 mg of metronidazole orally four times daily for 
10 days.

If the patient is pregnant, cannot tolerate metronidazole, or has no re-
sponse to metronidazole therapy, treatment with vancomycin (125 mg 
orally four times daily for 10 days) should be initiated.

Teach patients to recognize the symptoms of relapse.

The New England Journal of Medicine 
Downloaded from nejm.org at MIT LIBRARIES on August 8, 2013. For personal use only. No other uses without permission. 

 Copyright © 2002 Massachusetts Medical Society. All rights reserved. 



CLINICAL PRACTICE

N Engl J Med, Vol. 346, No. 5 · January 31, 2002 · www.nejm.org · 339

13. Chassany O, Michaux A, Bergmann JF. Drug-induced diarrhoea. Drug 
Saf 2000;22:53-72.
14. Hogenauer C, Hammer HF, Krejs GJ, Reisinger EC. Mechanisms and 
management of antibiotic-associated diarrhea. Clin Infect Dis 1998;27:
702-10.
15. Gustafsson A, Berstad A, Lund-Tonnesen S, Midtvedt T, Norin E. The 
effect of faecal enema on five microflora-associated characteristics in pa-
tients with antibiotic-associated diarrhoea. Scand J Gastroenterol 1999;34:
580-6.
16. Viscidi R, Willey S, Bartlett JG. Isolation rates and toxigenic potential 
of Clostridium difficile isolates from various patient populations. Gastroen-
terology 1981;81:5-9.
17. McFarland LV, Mulligan ME, Kwok RYY, Stamm WE. Nosocomial ac-
quisition of Clostridium difficile infection. N Engl J Med 1989;320:204-
10.
18. Karlstrom O, Fryklund B, Tullus K, Burman LG. A prospective na-
tionwide study of Clostridium difficile-associated diarrhea in Sweden. Clin 
Infect Dis 1998;26:141-5.
19. Bartlett JG. Antimicrobial agents implicated in Clostridium difficile 
toxin-associated diarrhea or colitis. Johns Hopkins Med J 1981;149:6-9.
20. Kyne L, Warny M, Qamar A, Kelly CP. Asymptomatic carriage of Clos-
tridium difficile and serum levels of IgG antibody against toxin A. N Engl 
J Med 2000;342:390-7.
21. Idem. Association between antibody response to toxin A and protec-
tion against recurrent Clostridium difficile diarrhoea. Lancet 2001;357:
189-93.
22. Bulusu M, Narayan S, Shetler K, Triadafilopoulos G. Leukocytosis as 
a harbinger and surrogate marker of Clostridium difficile infection in hos-
pitalized patients with diarrhea. Am J Gastroenterol 2000;95:3137-41.
23. Manabe YC, Vinetz JM, Moore RD, Merz C, Charache P, Bartlett JG. 
Clostridium difficile colitis: an efficient clinical approach to diagnosis. Ann 
Intern Med 1995;123:835-40.
24. Guerrant RL. Practice guidelines for the management of infectious di-
arrhea. Clin Infect Dis 2001;32:331-51.
25. Mylonakis E, Ryan ET, Calderwood SB. Clostridium difficile-associat-
ed diarrhea: a review. Arch Intern Med 2000;161:525-33.
26. Laughon BE, Viscidi RP, Gdovin SL, Yolken RH, Bartlett JG. Enzyme 
immunoassays for detection of Clostridium difficile toxins A and B in fecal 
specimens. J Infect Dis 1984;149:781-8.
27. Barbut F, Kajzer C, Planas N, Petit J-C. Comparison of three enzyme 
immunoassays, a cytotoxicity assay, and toxigenic culture for diagnosis of 
Clostridium difficile-associated diarrhea. J Clin Microbiol 1993;31:963-7.
28. Merz CS, Kramer C, Forman M, et al. Comparison of four commer-
cially available rapid enzyme immunoassays with cytotoxin assay for detec-
tion of Clostridium difficile toxin(s) from stool specimens. J Clin Microbiol 
1994;32:1142-7.
29. Lozniewski A, Rabaud C, Dotto E, Weber M, Mory F. Laboratory di-
agnosis of Clostridium difficile-associated diarrhea and colitis: usefulness of 
premier cytoclone A+B enzyme immunoassay for combined detection of 
stool toxins and toxigenic C. difficile strains. J Clin Microbiol 2001;39:
1996-8.

30. Peterson LR, Kelly PJ, Nordbrock HA. Role of culture and toxin de-
tection in laboratory testing for diagnosis of Clostridium difficile-associated 
diarrhea. Eur J Clin Microbiol Infect Dis 1996;15:330-6.
31. Johnson S, Kent SA, O’Leary KJ, et al. Fatal pseudomembranous coli-
tis associated with a variant Clostridium difficile strain not detected by tox-
in A immunoassay. Ann Intern Med 2001;135:434-8.
32. Teasley DG, Gerding DN, Olson MM, et al. Prospective randomised 
trial of metronidazole versus vancomycin for Clostridium-difficile-associat-
ed diarrhoea and colitis. Lancet 1983;2:1043-6.
33. Wenisch C, Parschalk B, Hasenhundl M, Hirschl AM, Graninger W. 
Comparison of vancomycin, teicoplanin, metronidazole, and fusidic acid 
for the treatment of Clostridium difficile-associated diarrhea. Clin Infect 
Dis 1996;22:813-8. [Erratum, Clin Infect Dis 1996;23:423.]
34. Bartlett JG. Treatment of Clostridium difficile colitis. Gastroenterolo-
gy 1985;89:1192-5.
35. McFarland LV, Surawicz CM, Greenberg RN, et al. A randomized pla-
cebo-controlled trial of Saccharomyces boulardii in combination with stand-
ard antibiotics for Clostridium difficile disease. JAMA 1994;271:1913-8. 
[Erratum, JAMA 1994;272:518.]
36. McFarland LV, Surawicz CM, Rubin M, Fekety R, Elmer GW, Green-
berg RN. Recurrent Clostridium difficile disease: epidemiology and clinical 
characteristics. Infect Control Hosp Epidemiol 1999;20:43-50.
37. Gorbach S, Chang T-W, Goldin B. Successful treatment of relapsing 
Clostridium difficile colitis with Lactobacillus GG. Lancet 1987;2:1519.
38. Salcedo J, Keates S, Pothoulakis C, et al. Intravenous immunoglobulin 
therapy for severe Clostridium difficile colitis. Gut 1997;41:366-70.
39. Schwan A, Sjolin S, Trottestam U, Aronsson B. Relapsing Clostridium 
difficile enterocolitis cured by rectal infusion of normal faeces. Scand J In-
fect Dis 1984;16:211-5.
40. Gerding DN, Johnson S, Peterson LR, Mulligan ME, Silva J Jr. Clos-
tridium difficile-associated diarrhea and colitis. Infect Control Hosp Epi-
demiol 1995;16:459-77.
41. Fekety R, Kim KH, Brown D, Batts DH, Cudmore M, Silva J Jr. Ep-
idemiology of antibiotic-associated colitis: isolation of Clostridium difficile 
from the hospital environment. Am J Med 1981;70:906-8.
42. Johnson S, Samore MH, Farrow KA, et al. Epidemics of diarrhea 
caused by a clindamycin-resistant strain of Clostridium difficile in four hos-
pitals. N Engl J Med 1999;341:1645-51.
43. Climo MW, Israel DS, Wong ES, Williams D, Coudron P, Markowitz 
SM. Hospital-wide restriction of clindamycin: effect on the incidence of 
Clostridium difficile-associated diarrhea and cost. Ann Intern Med 1998;
128:989-95.
44. Bauer TM, Lalvani A, Fehrenbach J, et al. Derivation and validation 
of guidelines for stool cultures for enteropathogenic bacteria other than 
Clostridium difficile in hospitalized adults. JAMA 2001;285:313-9.
45. Recommendations for preventing the spread of vancomycin resistance: 
recommendations of the Hospital Infection Control Practices Advisory 
Committee (HICPAC). MMWR Morb Mortal Wkly Rep 1995;
44(RR-12):1-13.

Copyright © 2002 Massachusetts Medical Society.

The New England Journal of Medicine 
Downloaded from nejm.org at MIT LIBRARIES on August 8, 2013. For personal use only. No other uses without permission. 

 Copyright © 2002 Massachusetts Medical Society. All rights reserved. 


