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In 1935, Hall and O’Toole first isolated a gram-positive, cytotoxin-
producing anaerobic bacterium from the stool of healthy neonates.1 They named 
it Bacillus difficilis to reflect the difficulties they encountered in its isolation and 

culture. We now face the opposite problem of being unable to contain the growth 
and spread of the same bacterium, now called Clostridium difficile, which is a frequent 
cause of infectious colitis, usually occurring as a complication of antibiotic therapy, 
in elderly hospitalized patients. In this article we review recent changes in the epi-
demiology of C. difficile infection, discuss changes in disease severity and response 
to therapy, and review new approaches to the management of this increasingly 
problematic infectious diarrhea.

Incidence a nd Se v er i t y 

During the mid- and late 1990s, the reported incidence of C. difficile infection in 
acute care hospitals in the United States remained stable at 30 to 40 cases per 
100,000 population.2 In 2001, this number rose to almost 50, with subsequent in-
creases to the point that the number of cases of C. difficile infection that were re-
ported in 2005 (84 per 100,000) was nearly three times the 1996 rate (31 per 100,000). 
Of even greater concern are the increases in severe or fatal infection.3-5 In England, 
for example, C. difficile infection was listed as the primary cause of death for 499 
patients in 1999, a number that rose to 1998 in 2005 and to 3393 in 2006.6

In addition to more prevalent endemic C. difficile infection, sporadic outbreaks 
have been reported in many hospitals nationwide and internationally. A 2003 out-
break in Quebec, Canada, was especially notable because of its scope and impact.3,4 
In the Estrie region of Quebec, the incidence of C. difficile infection was stable from 
1991 through 2002 (22.2 and 25.2 per 100,000 population, respectively) but qua-
drupled in 2003 (92.2 per 100,000) (Fig. 1).3 An exceptional feature of this out-
break was that all the major acute care hospitals in the region were simultane-
ously affected, causing substantial concern among the general population. As with 
endemic C. difficile infection, epidemic cases were most likely to afflict the elderly 
(867 per 100,000 over the age of 64 years). The major increase in the incidence of 
C. difficile infection in Quebec in 2003 was accompanied by a substantial increase 
in disease severity and mortality. In a study of 1703 patients, C. difficile infection was 
the attributable cause of death in 117 cases (6.9%) and a contributing factor in an 
additional 127 deaths (7.5%).4

Emergence of A  V irulen t S tr a in

Similar increases in the incidence, severity, and mortality associated with C. difficile 
infection have occurred in the United States. McDonald et al. examined C. difficile 
isolates collected from eight health care facilities in six states (Georgia, Illinois, 
Maine, New Jersey, Oregon, and Pennsylvania) during outbreaks of the infection 
between 2000 and 2003. Isolates of a single strain accounted for at least half the 
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isolates from five facilities, and 82% of stool sam-
ples from the Quebec outbreak were positive for 
the same strain.4,7 This epidemic strain was ini-
tially identified in the 1980s by restriction endo-
nuclease analysis and named BI, but is currently 
referred to as North American Pulsed Field type 
1 (NAP1) and PCR ribotype 027 (i.e., BI/NAP1/027, 
or NAP-1/027).7

Three bacterial factors have been implicated 
in outbreaks of C. difficile infection caused by the 
virulent NAP-1/027 strain: increased production 
of toxins A and B, fluoroquinolone resistance, 
and production of binary toxin. Toxins A and B 
are the major virulence determinants of C. difficile; 
indeed, toxin-negative strains are nonpathogenic. 
Toxins A and B are transcribed from a pathoge-
nicity locus that comprises five genes: two toxin 
genes, tcdA (toxin A) and tcdB (toxin B), and three 
regulatory genes, one of which (tcdC) encodes a 
putative negative regulator of toxin transcription 
(Fig. 2A and 2B).8,9 TcdC protein appears to in-
hibit toxin transcription during the early, expo-
nential-growth phase of the bacterial life cycle. 
NAP-1/027 isolates that were obtained from pa-
tients during recent outbreaks of C. difficile infec-
tion carry deletion mutations in the tcdC inhibitory 
gene that have been associated with an increase 
by more than a factor of 10 in the production of 
toxins that mediate colonic tissue injury and 
inflammation in C. difficile infection (Fig. 2C).7,9,10 
These toxins bind to the surface of intestinal 
epithelial cells, where they are internalized and 
catalyze the glucosylation of cytoplasmic rho pro-
teins, leading to cell death (Fig. 2D).11

All NAP-1/027 isolates from the 1980s and 
1990s, like those from recent outbreaks, carry tcdC 
mutations.4,7 In contrast, high-level resistance to 
gatifloxacin and moxifloxacin is evident in recent 
isolates but not in historic NAP-1 strains. Resis-
tant strains may have a competitive advantage in 
a hospital environment where fluoroquinolone 
use is widespread.12 This theory is supported by 
the finding in the Quebec outbreak that the 
odds ratio for fluoroquinolone use in patients 
with C. difficile infection, as compared with con-
trol subjects, was 3.9 (95% confidence interval 
[CI], 2.3 to 6.6), which was virtually the same as 
the odds ratio (3.8) for the use of cephalosporin 
(95% CI, 2.2 to 6.6), a longtime leading antibi-
otic class predisposing to C. difficile infection.4 This 
observation suggests that limiting fluoroquino
lone use may help to contain outbreaks caused by 
NAP-1/027, as was reported earlier for the re-

striction of clindamycin in an outbreak caused 
by a clindamycin-resistant strain.13 

Another potential virulence determinant of 
NAP-1/027 strains is the production of a third 
toxin, binary toxin, that is unrelated to the patho-
genicity locus that encodes toxins A and B.14 
Previously, about 6% of C. difficile clinical isolates 
produced binary toxin, homologous to the iota 
toxin of C. perfringens and comprised of a 48-kD 
enzymatic component and a 99-kD binding com-
ponent. Binary toxin has enterotoxic activity in 
vitro, but its role, if any, in the pathogenesis of 
C. difficile infection is not clear.14-16 C. difficile strains 
that produce binary toxin in the absence of toxins 
A and B do not appear to be pathogenic. Nonethe-
less, the finding that NAP-1/027 epidemic strains 
produce binary toxin has raised renewed specu-
lation that this toxin may act synergistically with 
toxins A and B in causing severe colitis.4,5,7,14-16

E x pa nding Epidemiol o gy

C. difficile infection predominantly affects elderly 
and frail hospital and nursing home patients 
(Fig. 1).2,3 However, a recent advisory from the 
Centers for Disease Control and Prevention warns 
of a risk of the infection in populations not previ-
ously considered at risk.17 These include young 
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Figure 1. Annual Incidence (per 100,000 Population) of C. difficile Infection 
in Sherbrooke, Quebec, 1991–2003.

The overall incidence of C. diff icile infection was relatively stable during the 
period from 1991 through 2002, although there was a gradual increase in 
the rate of infection among elderly patients (≥65 years). In 2003, the popu-
lation incidence increased by a factor of 4, as compared with 2002. This in-
crease was especially evident in the elderly. Data are from Pépin et al.3
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and previously healthy persons who have not been 
exposed to a hospital or health care environment 
or antimicrobial therapy. Close contact with pa-
tients who have C. difficile infection was the only 
evident risk factor in some pediatric cases, indi-
cating the importance of direct person-to-person 
spread.18 Severe infection leading to colectomy and 
then death was also described in young women in 
the peripartum period, events that were devastat-
ing and unexpected.17 Increased awareness of the 
possibility of fulminant C. difficile infection in 
atypical settings should facilitate earlier diagno-
sis and treatment.

Me tronida zole v er sus 
Va ncom ycin

Shortly after the first descriptions of C. difficile 
infection in the late 1970s, effective therapy with 

10/14/08

AUTHOR PLEASE NOTE:
Figure has been redrawn and type has been reset

Please check carefully

Author

Fig #
Title

ME

DE
Artist

Issue date

COLOR FIGURE

Version 5
Kelly
1

LAM

10/30/08

Clostridium difficile

TC
MP

1000

1250

750

500

250

0

1000

1250

750

500

250

0
0 24

Hours

Stationary phaseLog phase

48 72

To
xi

n 
B

 (µ
g/

lit
er

)
To

xi
n 

A
 (µ

g/
lit

er
)

0

0

0

A 

B 

C 

D 

Hydrophobic 
translocation 

domain

Binding domain (amino acid 861)

RNA polymerase

Up-regulates 
transcription of 
toxins A and B

Inhibits
toxin 

transcription

Binding domain (amino acid 515)

Glucosyltransferase 
enzymatic

domain

Toxin A: amino acid 2710 (308 kD)     

Toxin B: amino acid 2366 (270 kD)     

Rho-Thr-Glc     UDP-Glc + Rho     

102-TRP

N C

958 1130 1848 2710

102-TRP

N C

956546 1128 1851 2366

NAP-1/027 (toxinotype III)
Control strains (toxinotype 0)

TcdR
19.6 kb

tcdR
+ +

tcdE tcdCtcdB tcdA

TcdE

Lysis of cytoplasmic membrane

Toxin AToxin B

Toxin Release

DXD    Cell-surface receptor

Protease domain

Hydrophobic domain TcdB binding domain

Figure 2. The Pathogenicity Locus of C. difficile; In Vitro 
Production and Structure of Toxins A and B; and Toxin 
Binding, Internalization, and Intracellular Actions.

In Panel A, the 19.6-kb pathogenicity locus encodes 
toxin A (tcdA), toxin B (tcdB), a positive regulator of 
toxin transcription (tcdR), and a putative negative regu-
lator of transcription (tcdC). The function of the tcdE 
gene product is uncertain but may include the facilita-
tion of toxin release by bacterial membrane lysis. The 
NAP-1/027 strain carries mutations in tcdC that pre-
vent the expression of TcdC protein. Data are from 
Warny et al.8 In Panel B, the median concentration of 
toxins A and B are shown in the log phase and station-
ary phase. C. diff icile strains included 25 toxinotype  
0 and 15 NAP-1/027 strains from various locations. 
Data are from Warny et al.9 In Panel C, toxins A and B 
of C. diff icile show considerable sequence and struc-
tural homology. Both have a C-terminal receptor-bind-
ing domain, a central hydrophobic domain that is be-
lieved to mediate the insertion of the toxin into the 
membrane of the endosome, thereby allowing the  
N-terminal glucosyltransferase enzymatic domain to 
enter the cytosol. Data are from Warny et al.8 In Panel 
D, the interaction of the TcdB binding domain (green) 
with cell-surface receptors (dark blue) induces receptor-
mediated endocytosis. The acidic pH of the endosome 
triggers the first conformational change and results in 
pore formation of the hydrophobic-translocation do-
main (red oval). Within the cytosol, a second confor-
mational change activates intrinsic protease activity 
(pink). Autocatalytic cleavage of TcdB releases the cat-
alytic-DXD glucosyltransferase domain (light blue) into 
the cytosol. Glucosylation of the cytosolic target Rho 
GTPases at a conserved threonine residue (Thr) leads 
to disaggregation of the cytoskeleton and cell death. 
Glc denotes d-glucose, and UDP uridine diphosphate. 
Data are from Reineke et al.11
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either metronidazole or oral vancomycin was re-
ported. Despite the dramatic increases in the in-
cidence and severity of C. difficile infection during 
the past decade, these same two agents remain the 
treatments of choice for almost all patients with 
C. difficile infection. A review of controlled trials 
of therapy for C. difficile infection conducted before 
the year 2000 indicates that the cumulative fail-
ure rates for treatment with metronidazole and 
vancomycin were virtually identical (2.5% and 3.5%, 
respectively). However, since 2000, substantially 
higher failure rates have been reported for met-
ronidazole therapy (18.2%).19-21 For example, in the 
outbreak of C. difficile infection in Quebec, 26% of 
patients did not have a response to metronida-
zole treatment.20 A retrospective study also re-
ported that the time to resolution of diarrhea in 
patients who were treated with metronidazole 
was significantly longer than in those treated with 
vancomycin (4.6 vs. 3.0 days, P<0.01).22

These data sustain an ongoing debate as to 
whether vancomycin is superior to metronidazole 
as initial therapy for C. difficile infection. Recom-
mendations from a number of professional soci-
eties advocate vancomycin as the first-line agent 
for patients with severe infection, since a small 
increment in efficacy may be critical in patients 
with fulminant disease.23 These recommendations 
are supported by the findings of a recent prospec-
tive, randomized, placebo-controlled trial that 
compared metronidazole (at a dose of 250 mg 
four times per day) with vancomycin (at a dose of 
125 mg four times per day) in 172 patients strati-
fied according to the severity of C. difficile infec-
tion (Fig. 3).24 The two agents showed similar ef-
ficacy in mild infection, although the response 
rate with vancomycin (98%) was greater than that 
with metronidazole (90%, P = 0.36). In patients 
with severe infection, vancomycin was signifi-
cantly more effective (97% vs. 76%, P = 0.02). An-
other recent prospective, randomized, controlled 
trial showed similar results.25 Thus, metronida-
zole remains the first-line agent for treatment of 
mild infection because of its lower cost and con-
cerns about the proliferation of vancomycin-resis-
tant nosocomial bacteria. On the basis of recent 
prospective, controlled trials, vancomycin can now 
be recommended as the first-line agent in patients 
with severe infection because of more prompt 
symptom resolution and a significantly lower risk 
of treatment failure.

Markers of severe C. difficile infection include 
pseudomembranous colitis, a marked peripheral 

leukocytosis, acute renal failure, and hypotension. 
Despite its proven superiority, oral vancomycin 
may not be suitable for some patients with severe 
or fulminant infection because of coexisting ileus 
or toxic megacolon. Intravenous metronidazole 
(at a dose of 500 mg four times daily) is used in 
this situation and should, if possible, be supple-
mented with vancomycin administered through 
a nasogastric tube or by enema (500 mg four times 
daily).26 Passive immunotherapy with the use of 
normal intravenous immunoglobulin (400 mg per 
kilogram of body weight) has been reported, but 
its efficacy is unproven.27,28 Patients with severe 
or refractory disease should be evaluated early by 
a gastrointestinal surgeon, since timely subtotal 
colectomy can be lifesaving.

R ecur r en t Infec tion

One of the most challenging aspects of caring for 
patients with C. difficile infection is the recurrence 
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Figure 3. Response Rates to Vancomycin and Metroni­
dazole Therapy, According to the Severity of C. difficile 
Infection.

Patients with C. diff icile infection were randomly as-
signed to receive therapy with either oral vancomycin 
(at a dose of 125 mg four times daily) or metronidazole 
(at a dose of 250 mg four times daily) after stratifica-
tion according to disease severity. Severe infection was 
defined according to the presence of pseudomembra-
nous colitis on endoscopy, admission to an intensive 
care unit, or any two of the following factors: an age  
of more than 60 years, a temperature above 101°F 
(38.3°C), a serum albumin level of less than 2.5 g per 
deciliter, and a white-cell count of more than 15,000 
cells per cubic millimeter. The difference in response 
rates between vancomycin and metronidazole was not 
significant in patients with mild infection (P = 0.36), 
but was significant in those with severe infection 
(P = 0.02). Data are from Zar et al.24
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of disease after successful initial therapy is com-
pleted. Recurrence rates after treatment with 
metronidazole or vancomycin are similar (20.2% 
and 18.4%, respectively) (Table 1). The use of ei-
ther metronidazole or vancomycin impairs resis-
tance to colonization, thereby facilitating recurrent 
infection, which typically occurs within 4 weeks 
after the completion of therapy. Antimicrobial 
resistance to vancomycin in patients with C. dif-
ficile infection has not been reported, and resis-
tance to metronidazole is rare. Recurrence may 
result from reinfection with a different strain of 
C. difficile or persistence of the strain responsible 
for the initial episode.29

Role of Host Immunity

The risk of recurrent C. difficile infection is in-
creased in patients who have already had one re-
currence, rising from about 20% after an initial 
episode to about 40% after a first recurrence and 
to more than 60% after two or more recurrenc-
es.30,31 This dramatic escalation in the risk of re-
current C. difficile infection is probably caused in 
part by the selection of patients without protec-
tive immunity against C. difficile, which makes them 
vulnerable to repeated attacks. C. difficile infection 
develops in only half the hospitalized patients 
who become colonized with toxigenic C. difficile 
as a complication of antimicrobial therapy, where-
as the remainder are symptomless carriers.32 Af-
ter colonization, symptomless carriers manifest 
an early increase in serum IgG antibodies against 
toxin A, whereas patients in whom C. difficile in-
fection develops do not have such increased lev-

els (Fig. 4A).32 During an initial episode of infec-
tion, some patients manifest a primary immune 
response with an early rise in IgM antitoxin A, 
followed by an increase in IgG antitoxin (Fig. 4B).33 
In one study, patients with the highest titers of 
serum IgG antitoxin at the end of antimicrobial 
therapy were at a decreased risk for subsequent 
recurrence by a factor of 44, as compared with 
those with lower antitoxin titers.33

Management of Recurrence
General Considerations
First, the ultimate goal of treatment is to discon-
tinue all antibiotics and allow the normal bowel 
microflora to restore itself. Early studies of anti-
biotic-associated colitis (published before C. dif-
ficile was identified as the causative agent) report-
ed complete recovery in most patients after the 
discontinuation of clindamycin.34,35 Second, not 
all patients in whom recurrent diarrhea develops 
when they stop taking metronidazole or vanco-
mycin have recurrent C. difficile infection. Other 
conditions, such as postinfectious irritable bowel 
syndrome, microscopic colitis, and inflammato-
ry bowel disease, may be responsible. Third, a 
positive toxin assay in a patient with minimal or 
no symptoms should not prompt treatment. Re-
peated stool assays are not recommended after 
therapy, except in patients with moderate or se-
vere diarrhea. Fourth, in patients with persistent 
diarrhea despite several weeks of treatment with 
metronidazole or vancomycin, another cause 
should be sought, since C. difficile is rarely if ever 
resistant to metronidazole or vancomycin.

Antibiotics and Probiotics
An approach to the management of recurrent 
C. difficile infection is presented in Table 2.36 Since 
antimicrobial resistance is not clinically prob-
lematic, a first recurrence of C. difficile infection 
can be treated with the same agent used to treat 
the initial episode. There is no standard or prov-
en therapy for multiple recurrences. However, in 
one study of 163 patients with recurrent infec-
tion, regimens that incorporated tapering or 
pulsed administration of vancomycin resulted in 
significantly fewer recurrences, with rates of 
31.0% (P = 0.01) for tapering and 14.3% (P = 0.02) 
for pulsed administration, as compared with the 
rate for all other metronidazole or vancomycin 
treatments combined (49.6%).31 Probiotics, such 

Table 1. Treatment Failures and Recurrences of C. difficile Infection  
with Metronidazole and Vancomycin Therapy.*

Variable
No. of  
Studies Treatment Failure Recurrence

no./total no. (%)
Metronidazole

Year 2000 or before 4 18/718 (2.5) 48/715 (6.7)

After 2000 5 275/1508 (18.2) 332/1162 (28.6)

Combined periods 9 293/2226 (13.2) 380/1877 (20.2)

Vancomycin

Year 2000 or before 11 22/637 (3.5) 112/624 (17.9)

After 2000 2 2/71 (2.8) 36/181 (19.9)

Combined periods 13 24/708 (3.4) 148/805 (18.4)

*	Data are from Aslam et al.21 and Zar et al.24
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as lactobacillus species and Saccharomyces boular-
dii, have shown efficacy in reducing the incidence 
of simple antibiotic-associated diarrhea, but their 
efficacy in preventing C. difficile infection is in-
consistent.37-39 Probiotics are not effective as solo 
therapy for active infection. Antibiotic combina-
tions have been used to treat recurrent infection, 
including a recent report in which oral rifaximin 
(at a dose of 400 to 800 mg daily in two or three 
divided doses) was administered to patients with 
recurrent infection for 14 days after active infec-
tion had been controlled with the use of vanco-
mycin.40

Immunotherapy
An inability to mount a protective immune re-
sponse to C. difficile and its toxins appears to un-
derlie susceptibility to recurrent infection (Fig. 
4).32,33 Accordingly, passive or active immuniza-
tion against C. difficile toxins has been used to 
treat patients with multiple recurrences. More 
than half of all adults have circulating antibodies 
against C. difficile toxins, and normal pooled im-
munoglobulin can neutralize toxins A and B.27,41 
On the basis of these observations, intravenous 
immunoglobulin has been used to treat recurrent 
infection.42 Although favorable outcomes have 
been reported, no data from randomized, con-
trolled trials are available.42,43 Less consistent 
results have been reported regarding the use of 
intravenous immunoglobulin to treat patients 
with severe, refractory infection who had not had 
a response to standard therapy and for whom 
colectomy was being considered.27,44 The pub-
lished data regarding the efficacy of active im-
munization against C. difficile are even more 
sparse. A C. difficile vaccine containing inactivated 
toxoids A and B was well tolerated and immuno-
genic in healthy volunteers.45 Three patients with 
recurrent infection were vaccinated, and none 
had a subsequent relapse.46 Thus, immunization 
(both active and passive) for recurrent infection 
appears promising, but prospective, controlled 
trials are needed to establish efficacy.

Bacteriotherapy
Recurrent C. difficile infection results from a dis-
ruption of the colonic microflora initiated by an-
tibiotic therapy and perpetuated by metronida-
zole or vancomycin. Some imaginative treatments 
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Figure 4. Levels of Serum IgG Antibody against Toxin A in Hospitalized Pa­
tients with Active C. difficile Infection, Symptomless Carriers of C. difficile, 
and Noncolonized Control Subjects and the Relationship between Levels  
of IgM against Toxin A and Recurrent Infection.

Panel A shows the median serum IgG antibody levels against C. diff icile 
toxin A for 28 patients in whom C. diff icile infection developed and in 19 
asymptomatic carriers at the time of hospitalization, at the time of coloni-
zation by C. diff icile, 3 days after colonization, and at discharge. The results 
are also shown for 187 patients without colonization by C. diff icile at admis-
sion, at the midpoint of the hospital stay, 3 days after the midpoint, and at 
discharge. The P values refer to the comparison among the three groups 
(by the Kruskal–Wallis test). Data are from Kyne et al.32 Panel B shows the 
relation between levels of IgM against toxin A that were measured in serum 
samples collected 3 days after the onset of infection and the subsequent 
development of recurrent infection. Serum levels of IgM against toxin A 
that were measured 3 days after the onset of diarrhea are shown, expressed 
in enzyme-linked immunosorbent assay (ELISA) units. Levels were catego-
rized on the basis of quartile ranges. The percentage of patients in whom 
recurrent C. diff icile diarrhea later developed are shown for each category 
of IgM antitoxin A antibody level. There was a significant trend in rates of 
subsequent recurrent diarrhea across the four quartiles of the serum levels 
of IgM against toxin A on day 3 (Mantel–Haenszel chi-square test, 10.0; 
P = 0.002). Data are from Kyne et al.33
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have been described to restore resistance to colo-
nization. In 1987, Seal et al.47 described the ad-
ministration of a nontoxigenic strain of C. difficile 
with the goal of filling the environmental niche 
required for infection by toxigenic strains. This 
approach was effective in protecting against in-
fection in animals and is now being developed 
for human use.48 A filtrate of human feces, usu-
ally obtained from a family member, has also been 
administered either through a nasogastric tube 
or at colonoscopy. Several case series describe ef-
ficacy in preventing recurrent infection, but in 
the absence of controlled trials, fecal transplan-
tation remains unpopular for practical and aes-
thetic reasons.49

New Antibiotics
The recent increase in the incidence and severity 
of C. difficile infection has spurred efforts to de-
velop more effective treatments.50 As in the past, 
antibiotic agents have attracted the greatest at-
tention. Although vancomycin remains the only 
therapy for C. difficile infection that has been ap-
proved by the Food and Drug Administration, 
researchers are evaluating a variety of other anti-
microbial agents, including some (e.g., nitazox-
anide and rifaximin) that are approved for use in 
the United States for other indications and others 
(e.g., ramoplanin and Difimicin [PAR-101/OPT-80]) 
that do not have an approved indication. Tole-
vamer is a high-molecular-weight, inert polymer 
that binds toxins A and B and has shown prom-
ise in a phase 2 clinical trial.51 However, in two 
subsequent phase 3 trials, tolevamer was inferior 
to vancomycin and metronidazole for initial ther-
apy. Tolevamer has no direct antimicrobial activ-
ity, a feature that may facilitate restoration of 
resistance to colonization. Consistent with this 
theory, recurrent infection was far less common 
in subjects who had a response to tolevamer (3%), 
as compared with vancomycin and metronidazole 
(23% and 27%, respectively; P<0.001 for both com-
parisons). This finding highlights the intrinsic 
limitations of treating antibiotic-associated diar-
rhea with additional antibiotics and encourages 
the search for effective nonantibiotic alternatives 
for both treatment and prophylaxis.

Summ a r y

The difficult clostridium bacteria has gained a 
secure hold in hospitals and nursing homes and 
may now also be more common in the outpatient 
setting. Mutations that confer antibiotic resis-
tance, increase toxin production, or facilitate spo-
rulation have substantially increased the preva-
lence and virulence of this opportunistic pathogen. 
The effort to develop and refine new, more effec-
tive therapies, including nonantibiotic drugs, is 
ongoing and essential. However, since most cas-
es of C. difficile infection are both iatrogenic and 
nosocomial, the careful selection of antibiotics 
and, whenever possible, the avoidance of their use 
remain the mainstay of primary prevention. En-
vironmental decontamination (e.g., with cleaning 
agents containing at least 5000 ppm available 
chlorine) and the minimization of opportunities 

Table 2. Suggested Approaches to Therapy.*

Initial episode

Mild-to-moderate infection

Metronidazole at a dose of 500 mg orally 3 times daily for 10 to 14 days

Severe infection or unresponsiveness to or intolerance of metronidazole

Vancomycin at a dose of 125 mg orally 4 times daily for 10 to 14 days

First recurrence

Mild-to-moderate infection

Metronidazole at a dose of 500 mg orally 3 times daily for 10 to 14 days

Severe infection or unresponsiveness to or intolerance of metronidazole

Vancomycin at a dose of 125 mg orally 4 times daily for 10 to 14 days

Second recurrence†

Vancomycin in tapered and pulsed doses

125 mg 4 times daily for 14 days

125 mg 2 times daily for 7 days

125 mg once daily for 7 days

125 mg once every 2 days for 8 days (4 doses)

125 mg once every 3 days for 15 days (5 doses)

Third recurrence

Vancomycin at a dose of 125 mg orally 4 times daily for 14 days, followed by 
rifaximin at a dose of 400 mg twice daily for 14 days 

Other options for recurrent infection

Intravenous immune globulin at a dose of 400 mg per kilogram of body 
weight once every 3 weeks for a total of 2 or 3 doses

Therapy with other microorganisms, including “fecal transplantation”

*	Data are from Kelly and LaMont.36

†	A probiotic such as Saccharomyces boulardii or lactobacillus species may be 
added during the final 2 weeks of the vancomycin taper and for at least 4 weeks 
thereafter (preferably 8 weeks). However, the efficacy of probiotics in preventing 
recurrent C. difficile infection is unclear because of inconsistent study results. 
Bacteremia or fungemia may rarely complicate the use of probiotics in immuno
compromised, critically ill patients.
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for cross-infection by hand hygiene and barrier 
precautions are effective control measures. Ulti-
mately, it is likely that a broadly based approach 
of responsible antibiotic use, infection-control 
measures, and the application of new nonantibi-
otic agents will be needed to turn the tide against 
this antibiotic-induced endemic disease.
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