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Comparison of Vancomycin, Teicoplanin, Metronidazole, and Fusidic Acid for
the Treatment of Clostridium difficile-Associated Diarrhea

C. Wenisch, B. Parschalk, M. Hasenhiindl, A. M. Hirschi,
and W. Graninger

From the Department ofInfectious Diseases, Internal Medicine I, and
the Department of Clinical Microbiology, Hygiene-Institute of the

University Hospital of Vienna, Vienna, Austria

We conducted a prospective, randomized study to compare the efficacy of oral fusidic acid, oral
metronidazole, oral vancomycin, and oral teicoplanin for the treatment of Clostridium dijficile
associated diarrhea. Treatment resulted in clinical cure for 94% of the patients who were treated
with vancomycin, 96%of those treated with teicoplanin,93%of those treated with fusidic acid, and
94% of those treated with metronidazole. Clinical symptoms recurred in 16% of patients treated
with vancomycin, 7% of those treated with teicoplanin, 28% of those treated with fusidic acid, and
16% of those treated with metronidazole. There was asymptomatic carriage of C. difficile toxin in
13% of patients treated with vancomycin,4%of those treated with teicoplanin,24%of those treated
with fusidicacid, and 16%of those treated with metronidazole.No adverse effectsrelated to therapy
with vancomycin or teicoplanin were observed. Considering the costs of treatment, our findings
suggest that metronidazole is the drug of choice for C. difficile-associated diarrhea and that glyco
peptides should be reserved for patients who cannot tolerate metronidazole or who do not respond
to treatment with this drug.

Antimicrobial therapy renders the bowel susceptible to colo
nization and/or overgrowth of Clostridium difficile [I], C. diffi
cile disease may present as asymptomatic carriage, colitis with
or without pseudomembrane formation, and fulminant colitis
[2] with occasional subsequent perforation,

C. difficile isolates are highly susceptible in vitro to many
antibiotics including vancomycin, metronidazole, bacitracin,
rifampin [3], teicoplanin [4], tiacumarin Band tiacumarin C
[5], and ramoplanin [6]. Vancomycin has been considered the
drug of choice for treatment of C. difficile-associated colitis
[2], However, recent outbreaks of infection due to vancomycin
resistant enterococci implicate a restriction in its use. Alterna
tive agents such as metronidazole and teicoplanin have been
shown to have similar efficacy and to be associated with similar
relapse rates [7-9]. Fusidic acid was introduced into clinical
practice in the early 1960s and is used for the treatment of
staphylococcal infections including bone infections, soft-tissue
infections, bacteremia and endocarditis, and infections in pa
tients with cystic fibrosis [10-12]. Fusidic acid is also active
against a high percentage of methicillin-resistant staphylococci
[13] and is highly active against C. difficile in vitro [14]. We
conducted a prospective, randomized comparative study on
the efficacy of fusidic acid, metronidazole, teicoplanin, and
vancomycin for the treatment of C. difficile-associated diar
rhea (CDAD).
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Methods

Study population and design. From January 1993 to April
1995, the stools of all patients who developed diarrhea during
their stays at the University Hospital of Vienna were examined
for the presence of C. difficile cytotoxin. All of these patients
had been hospitalized for a minimum of 5 days. Colonoscopy
was performed whenever possible. All relevant medical data
on surgical procedures, antimicrobial therapy administered be
fore the onset of symptoms, and underlying diseases were re
corded for each patient. Criteria for inclusion in the study were
an age of > 18 years; lack of hypersensitivity to fusidic acid,
metronidazole, teicoplanin, or vancomycin; and the presence
of CDAD. Diarrhea was defined as the passing of more than
three loose stools per day. CDAD was diagnosed on the basis
of the results of a C. difficile toxin assay and/or endoscopic
evidence of typical colitis, with the finding of granulocytes in
stools (Leukotest, Techlab, Blacksburg, VA). Patients whose
stools contained no WBCs were excluded from the study to
insure inclusion of patients with significant disease due to
C. difficile and to minimize the possibility of including patients
with false-positive toxin assays or those with transient nonin
flammatory diarrhea who had also a positive toxin assay [15].
Patients were followed up for ;330 days after therapy was
discontinued. Cytotoxin assays and clinical assessments were
performed for all patients 7-I0 days after discontinuation of
therapy and 25-30 days thereafter. Informed consent was ob
tained from all patients.

The time of risk for developing CDAD after an antibiotic is
administered was defined as the interval beginning 2 days and
ending 10 weeks after the drug was prescribed. This period
was chosen on the assumption that diarrhea occurring <2 days
after exposure to an antibiotic would be unlikely to be due to
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that drug and on the basis of reports of CDAD occurring ~ 10
weeks after initial exposure to antibiotics [1, 2]. Risk periods
were categorized according to their association with the admin
istration of one antibiotic, two antibiotics, or more than two

antibiotics. Furthermore, for each case of CDAD, the duration,
dose, and route of administration were assessed.

Identification ofC. difficile toxin. The stool specimens sub
mitted to the laboratory were stored at 4°Cand processed within
24 hours. Samples yielding indeterminate results were immedi
ately retested, and the second result was considered definitive.
The cell-culture cytotoxicity assay was used to detect e. diffi
cile toxin B in stool samples (Baxter Diagnostics, Deerfield,
IL). Tissue culture cells (human fibroblast cells in microtiter
plates) were inoculated with a sterile stool filtrate (1:5 dilution

of stool supernatant). As a control, a preincubated filtrate-anti
toxin mixture was inoculated onto a second set of tissue culture
cells. Plates were incubated at 36°C for 6-48 hours. Following
incubation, cells were examined for toxic effects by means of
microscopy (magnification, 30-100x). Specimens interpreted
as positive for e. difficile toxin affected the tissue culture cells
in a characteristic rounded, asteroid-like cytotoxicity. No cul
tures of e. difficile were performed.

Treatment regimen and assessment of efficacy. Patients
were randomized according to a table of random numbers to
receive fusidic acid, metronidazole, teicoplanin, or vancomy
cin. Fusidic acid tablets (Merck, Vienna), metronidazole tablets

(Gerot-Pharmazeutika, Vienna), and vancomycin capsules (Eli

Lilly, Vienna) were administered at a dosage of 500 mg t.i.d.
for 10 days, and teicoplanin (pulverized for injection; Lederle
Laboratories, Vienna) was administered at a dosage of 400 mg
b.i.d, for 10 days. Teicoplanin was solubilized in a cup of tea.

The efficacy of therapy was assessed on the basis of both
clinical and microbiological criteria. The severity of clinical dis
ease was estimated on the basis of the number and shape of
stools, body temperature, serum levels ofC-reactive protein, blood
leukocyte count, and erythrocyte sedimentation rate. Clinical cure
was defined as a lack of symptoms (no loose stools, gastrointesti
nal symptoms, or fever and normalization of serum levels of C
reactive protein and leukocyte counts). Clinical failure was defined
as the persistence of diarrhea after 6 days of treatment; clinical
relapse was defined as the reappearance of CDAD and other

symptoms during the follow-up period.
No additional antimicrobials or "probiotics" (fungi or bacte

ria thought to exert beneficial effects in humans with various
diseases [16]) were administered during this time. The patients
were examined clinically and questioned about the number of
bowel movements per day and their consistency 10 and 30
days after discontinuation of therapy (the follow-up period).
On these occasions stool samples were collected for e. difficile
toxin assay. Persistence of cytotoxin in stool was defined as
the presence of cytotoxin 6 days after treatment was begun.
Reappearance of cytotoxin in the stool was defined as the
reoccurrence of a positive assay during the follow-up period.

Assessment of adverse reactions. Adverse reactions were
assessed by monitoring both clinical and laboratory parameters.
Complete blood counts and tests for renal function and hepatic
function were performed 5 days after the beginning of therapy

and at the end of treatment.
Statistical analysis. Differences were assessed with use of

the Student's t-test and the X2 test. Multiple group analyses
were performed with use of the F test and X2 test for multiple
groups. All analyses were two-tailed, and a P value of < .05
was considered to indicate statistical significance.

Results

Of the 126 patients enrolled, three died within the first days

of therapy as a result of their underlying disease, and four
were not evaluated because of protocol violation (i.e., non
compliance); thus, 119 patients were judged evaluable. Ofthese
patients, 31 received vancomycin, 28 received teicoplanin, 29
received fusidic acid, and 31 received metronidazole. The main
features of the four groups are depicted in table 1. At enroll
ment, all groups were comparable in terms of age, sex, and
previous antimicrobial treatment (table 2). Of the 119 evaluable
patients, seven had an initially indeterminate cytotoxin assay
result; all of these patients' samples were positive when re
tested.

Treatment resulted in clinical cure in 29 (94%) of31 patients
treated with vancomycin, in 27 (96%) of 28 treated with tei

coplanin, in 27 (93%) of 29 treated with fusidic acid, and in
29 (94%) of31 treated with metronidazole (table 3; P > .05).
Clinical symptoms recurred in 5 (16%) of 31 patients treated
with vancomycin, in 2 (7%) of 28 treated with teicoplanin, in
8 (28%) of 29 treated with fusidic acid (P = .043 when this
group was compared with the teicoplanin group), and in 5
(16%) of 31 treated with metronidazole. Resolution of fecal
cytotoxicity on day 6 was achieved in 16 (55%) of29 patients
treated with fusidic acid (P = .001 when this group was com
pared with the teicoplanin group; P = .12 when it was com
pared with the vancomycin group), in 22 (71%) of 31 treated
with metronidazole (P = .03 when this group was compared
with the teicoplanin group), 23 (74%) of31 treated with vanco
mycin (P = .058 when this group was compared with the
teicoplanin group), and 26 (93%) of28 treated with teicoplanin.
Asymptomatic carriage of e. difficile toxin 30 days after dis

continuation of therapy occurred in 4 (13%) of 31 patients
treated with vancomycin, 1 (4%) of28 treated with teicoplanin,
7 (24%) of 29 treated with fusidic acid (P = .025 when this
group was compared with the teicoplanin group), and 5 (16%)
of 31 patients treated with metronidazole. Patients in whom
clinical failures occurred received an additional course of treat
ment with teicoplanin; these second courses resulted in a 100%
clinical cure rate. In addition, all teicoplanin-treated patients
appeared to have cleared e. difficile 10 days after therapy was
discontinued.
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Table 1. Features of patients who received fusidic acid, metronidazole, vancomycin, or teicoplanin for treatment of Clostridium difJicile
associated diarrhea.

Characteristic Fusidic acid Metronidazole Vancomycin Teicoplanin

Total no. of patients (males/females) 29 (15/14) 31 (16/15) 31 (17114) 28 (14/14)

No. who received previous antimicrobial therapy ('Yo) 29 (100) 31 (100) 31 (100) 28 (100)

No. who previously underwent surgery ('Yo) 17 (59) 14 (45) 13 (42) 16 (57)

No. with colonoscopic evidence of pseudomembranous colitis ('Yo) 18 (62) 19 (61) 17 (55) 20 (71)

Mean temperature in °C :<: SO 37.6 ± 0.5 38.2 ± 0.4 38.1 ± 0.3 37.9 ± OJ

No. ('Yo) with temperature ",38JoC 10 (34) 17 (55) 16 (52) 11 (39)

Mean C-reactive protein level in mg/dL :<: SO 10 ± 4.1 9 ± 3.8 8.9 ± 4.4 II ± 5.2

Mean no. of bowel movements per day :<: SO 6 ± 2 7 ± 2 5 ± 2 6 ± 2

Mean no. of days to resolution of diarrhea :<: SO 3.8 ± 1.6 3.2 ± 1.8 3.1 :<: 1.1 2.8 ± 0.9

Mean no. of days to defervescence :<: SO 2.8 ± 1.8 2.4 ± 1.7 2.8 :<: 1.4 2.6 :<: 1.2
Mean age in years :<: SO 43 ± 14 44 ± 17 38:<: 17 45 ± 13

NOTE. There were no significant differences between the four groups in terms of age, sex, and previous antimicrobial therapy.

A total of 86 patients (72%) underwent colonoscopy, and
typical endoscopic evidence of pseudomembranous colitis was
seen in 18 (86%) of 21 patients in the fusidic acid group, in
19 (90%) of 21 in the metronidazole group, in 17 (81%) of 21
in the vancomycin group, and in 20 (87%) of 23 in the tei
coplanin group (P > .05). The clinical and microbiological

outcomes for these patients are depicted in table 4. Endoscopic
evidence of pseudomembranous colitis could be found only in
the ascending colons in one-third of these patients. Thus, the
results of rectosigmoidoscopy were considered inadequate for
diagnosis. Endoscopy was not performed (because of patient
refusal or physician judgement) in 8 patients treated with fusi
die acid, 10 treated with metronidazole, 10 treated with vanco
mycin, and 5 treated with teicoplanin (P > .05).

Gastrointestinal discomfort occurred in 9 (31%) patients
treated with fusidic acid (P = .001 when this group was com
pared with the teicoplanin group or the vancomycin group) and
in 3 (10%) treated with metronidazole (P = .089 when this

Table 2. Previous antimicrobial therapy among patients who re

ceived fusidic acid, metronidazole, vancomycin, or teicoplanin for
treatment of Clostridium difficile-associated diarrhea.

Previous agent (s)

Amoxicillinl
Treatment clavulanic acid,

group Cephalosporins ampicillinlsulbactam Clindamycin Other'

Fusidic acid 9 7 5 8
Metronidazole 8 9 6 9

Vancomycin 9 6 7 7
Teicoplanin 9 8 5 7

Total ('Yo) 35 (29) 30 (25) 23 (19) 31 (26)

NOTE. There were 29 patients in the fusidic acid group, 31 in both the
metronidazole and vancomycin groups, and 28 in the teicoplanin group.

, No study drugs.

group was compared with the vancomycin group or the tei
coplanin group). No adverse clinical effects or significant
changes in laboratory parameters related to therapy with vanco
mycin or teicoplanin were observed.

Discussion

In this study, therapy with fusidic acid, vancomycin, tei
coplanin, or metronidazole resulted in clinical cure in nearly
all patients (93%-96%) after the first course oftreatrnent. The
clinical failure rate ranged from 4% to 7%, and the clinical
relapse rate ranged from 7% to 28%; these rates are similar to
those previously reported in the literature [1,2, 18-23]. Since
some patients were discharged from the hospital after the first
control sample was obtained (day 6 of treatment), it is possible

that some cases of relapse may have represented exogenous
reinfection.

Vancomycin has been considered the drug of choice for the
treatment of C. difficile disease. Most C. difficile infections can
be treated with lower dosages of vancomycin (e.g., 250 mg
q.i.d., or even less). Following current recommendations for the
treatment of severe disease due to C. difficile, we administered
vancomycin at the high dosage of 1.5 g daily in order to ascer
tain uniformity of treatment independent of severity of disease
[1, 2].

The results obtained with teicoplanin must be considered
good. Teicoplanin powder is soluble in water or tea and is
tasteless. In contrast, vancomycin is very bitter and cannot be

administered as a solution. We administered teicoplanin at a
higher dosage than has been done previously [4, 24] to see
whether it was possible to achieve a further decrease in the
microbiological relapse rate. The incidence of microbiological
failure was 19% (five of 26 patients) in a previous study in
which teicoplanin was given at a dosage of 100 mg b.i.d. for
10 days, and it was 7% (two of 28 patients) in this study (P =
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Table 3. Treatment and outcome for patients with Clostridium difficile-associated diarrhea.

No. with No. with persistence No. with reappearance
No. with clinical ofcytotoxin instools ofcytotoxin instools

No. of clinical cure relapse onday 6 oftherapy 30 days after therapy
Variable patients (%) P value (%) P value (%) P value (%) P value

Treatment group
Fusidic acid 29 27 (93) 8 (28) 16 (55) 15 (52)

Metronidazole 31 29 (94) 5 (16) 22 (72) 9 (29)

Vancomycin 31 29 (94) 5 (16) 23 (73) 9 (29)

Teicoplanin 28 27 (96) 2 (7) 26 (92) 3 (II)

Total 119 112 (94) 20 (17) 87 (73) 36 (30)

Comparisons
Fusidic acid vs. metronidazole >.8 .273 .206 .074
Fusidic acid VB. vancomycin >.8 .273 .121 .074
Fusidic acid vs. teicoplanin .583 .042 .001 .001

Vancomycin vs.
metronidazole >.8 >.8 .752 >.8

Metronidazole vs. teicoplanin .655 .752 .031 .083

Vancomycin vs. teicoplanin .655 .752 .058 .083

.18). In another study [4], patients with C. difjicile-associated
diarrhea were treated with teicoplanin at a dosage of 200 mg
b.i.d. for 10 days, and only 4.5% were found to be carriers
of C. difjicile, without any clinical relapse, after treatment.
However, direct comparisons between our study and these oth
ers [4, 24] are difficult because the investigators used a positive
culture, not a positive toxin assay, as the endpoint. The proper
dosage of teicoplanin seems to be ~200 mg/d, which has a
financial impact because teicoplanin therapy is expensive. Par
enteral administration of the drug seems to be of no value in
the treatment of CDAD [24].

The percentage of patients who relapsed clinically (28%) as
well as the percentage who had cytotoxin assays that were
positive 30 days after treatment with fusidic acid (52%) were
significantly higher than those observed after treatment with
vancomycin (16% vs. 29%, respectively), metronidazole (16%
vs. 29%, respectively), or teicoplanin (7% vs. 11%, respec
tively) (P < .01). A previous study indicated a 79% cure rate
for fusidic acid [14]. The excellent bioavailability (>90%) of
fusidic acid limits its concentration in the intestine, which could
explain its overall inferior clinical and microbiological efficacy
in our study. However, for patients with endoscopic evidence

Table 4. Outcome of the treatment of endoscopically verified Clostridium difficile pseudomembranous colitis.

No. with No. with persistence No. with reappearance
No. with clinical of cytotoxin instools ofcytotoxin in stools

No. of clinical cure P relapse P byday 6 oftherapy P 30 days after therapy P
Variable patients (%) value (%) value (%) value (%) value

Treatment group"
Fusidic acid 18 18 (100) I (6) 13 (72) 4 (22)

Metronidazole 19 18 (95) 2 (11) 14 (74) 4 (21)

Vancomycin 17 16 (94) 1 (6) 15 (88) 3 (18)

Teicoplanin 20 20 (lOll) 0(0) 19 (95) 2 (10)

Total 74 72 (97) 4 (5) 61 (82) 13 (18)

Comparisons
Fusidic acid vs.

metronidazole .752 .583 >.8 >.8

Fusidic acid vs. vancomycin .752 >.8 .237 .752

Fusidic acid vs. teicoplanin >.8 .294 .054 .254

Vancomycin vs.
metronidazole >.8 .655 .273 .752

Metronidazole vs. teicoplanin .317 .138 .065 .273

Vancomycin vs. teicoplanin .273 .273 .437 .439

• There were no significant differences between the treatment groups interms ofage, sex, orprevious antimicrobial therapy.
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Table 5. Treatment costs for Clostridium difficile infection (per
course of therapy).

Antimicrobial agent Dose (g) Cost (U.S. $)

Metronidazole 1.5 35

Fusidic acid 1.5 287

Vancomycin 1.5 2,030

Teicoplanin 0.4 3,430

N01E. Data are from German Pharmacy (Rote Liste), 1995.

of pseudomembranous colitis who received fusidic acid, the
results were similar when they were compared with patients
who received metronidazole, vancomycin, or teicoplanin (table
4). This discrepancy could be explained by significant diffusion
offusidic acid through damaged mucosal barriers. Further stud
ies are needed to elucidate whether fusidic acid could also be
administered parenterally to patients who cannot be treated
with oral drugs.

Metronidazole is well absorbed after oral administration.
During acute episodes of C. difficile colitis, high concentrations
of the drug are found in stools [25], presumably as a result of
diffusion from the serum compartment across the damaged
mucosa into the lumen. After clinical recovery, however, fecal
concentrations fall to zero because the mucosal diffusion barrier
has been restored. By administering a high dosage of metro
nidazole (1.5 g daily), we prevented a higher incidence of
clinical and/or microbiological relapses (compared to patients
treated with nonabsorbable glycopeptides). Although no results
from clinical comparative studies are yet available, it is possible
that metronidazole (or fusidic acid?) could eventually also be
administered parenterally to patients with C. difficile colitis
who cannot be given oral antibiotics.

In this study, we demonstrated the equivalent efficacies
of metronidazole and vancomycin, as has been demonstrated
previously [8, 9]. The four regimens were similar with re
spect to the rates of clinical cure and rapidity with which
clinical responses occurred, but treatment with fusidic acid
resulted in higher rates of relapse and adverse events than
did treatment with teicoplanin. In addition, therapy with tei
coplanin resulted in a significantly higher degree of fecal
cytotoxicity resolution than did therapy with fusidic acid
(P = .001) or metronidazole (P = .03). The exclusion of
patients who had no fecal leukocytes probably resulted in
the exclusion of some actual cases of C. difficile-associated
diarrhea or colitis from the study. However, this should not
have affected the analysis, since all treatment groups would
have been similarly affected.

Treatment costs are of interest because they differ widely.
A simple cost-efficacy analysis suggests that metronidazole is
the drug of choice and that glycopeptides should be reserved for
patients who cannot tolerate metronidazole or do not respond to

treatment with it (table 5). In the United States, the overall use
of vancomycin may have contributed to the selection of resis
tant Enterococcus faecium, leading to epidemics in several
hospitals. Because teicoplanin is so expensive and no more
efficacious than are metronidazole and vancomycin, it may be
regarded as a last-line drug for the treatment of repeated re
lapses of C. difficile disease.
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