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A total of 108 volunteers undergoing an elective surgical procedure were randomly given a single 2-g
intravenous prophylactic dose of either a cephalosporin or meziocillin. Stool samples were cultured for
Clostridium difficile the day before the operation and later on postoperative days 4, 7, and 14. C. dfiJicile was
detected in 23.0% of patients who received a cephalosporin (cefoxitin, 8.3%; cefazolin, 14.3%; cefotetan,
20.0%; ceftriaxone, 25.0%; cefoperazone, 43.7%), in 3.3% of patients given mezlocillin, and in none of 15
control volunteers given no antimicrobial agent. No patient experienced diarrhea.

Some published studies show that most Clostridium diffi-
cile colonizations and infections of hospitalized patients are
nosocomial in origin (5, 10, 17, 20, 21, 27); person-to-person
transmission (17, 20, 22, 27) and carriage of the organism on
the hands of health care workers have, indeed, been exten-
sively documented (17, 19-21). Moreover, widespread con-
tamination of the inanimate hospital environment occurs in
hospital wards in which there are patients with C. difficile-
associated disease, and, even though less extensive, envi-
ronmental contamination from asymptomatic carriers has
also been documented (14, 22).
An asymptomatic intestinal carrier state may follow C.

difficile-associated diarrhea or pseudomembranous colitis,
but it can also occur without any preceding clinical disease
(26). The pathogenicity of C. difficile is related to the
production of at least two distinct toxins, enterotoxin (toxin
A) and cytotoxin (toxin B). Highly toxigenic strains have
been isolated from patients with no detectable fecal cyto-
toxin as well as from asymptomatic carriers (13, 20, 23), and
some asymptomatic colonized individuals can subsequently
develop disease. The incidence of C. difficile-associated
disease and asymptomatic intestinal colonization has been
shown to dramatically increase in patients who are given
antimicrobial agents. Apart from clindamycin, which is the
first agent that was clearly associated with pseudomembra-
nous colitis, the antimicrobial agents most commonly impli-
cated as inciting factors of both C. difficile intestinal coloni-
zation and disease are cephalosporins and ampicillin (1, 2, 4,
9, 11, 15, 16, 28). C. difficile colonization and disease
develop more commonly after prolonged antibiotic treat-
ment, but they have also been reported after short-term
(usually three doses) perioperative prophylaxis with some
antimicrobial agents (3, 6, 11, 18, 25, 29).
The observations that (i) the emergence of C. difficile is

not necessarily dependent upon long-term antibiotic treat-
ment and (ii) cephalosporins are more likely to be associated
with C. difficile intestinal disease (1, 2, 11, 18) and to have a
significant effect on the colonization resistance of the lower
gastrointestinal tract (7, 24) than are ureidopenicillins
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prompted us to perform a prospective study of the influence
of single-dose perioperative prophylaxis with different anti-
microbial agents on acquisition of the C. difficile carrier state
during hospitalization.
A total of 123 volunteers (71 females and 52 males), with a

mean age of 48.8 years (range, 17 to 86 years), who had
neither received any antibiotic treatment nor reported any
diarrheal disease during at least the preceding 3 months and
who were hospitalized for an elective clean surgical proce-
dure requiring general anesthesia (such as saphenectomy or
hernioplasty) took part in the study. Because it seemed
necessary to have a control group given no antimicrobial
agent, patients undergoing operation for which antibiotic
prophylaxis is mandatory, such as cardiac and orthopedic
surgeries, were excluded. Subjects reporting a history of
allergy to beta-lactams or at greater risk for developing C.
difficile infection, such as those with neoplasia, concurrent
infections, malnutrition, and concomitant renal diseases,
were likewise excluded. Informed consent was obtained
from each patient. To minimize the influence of colonization
by endemic strains on the results of the study, only patients
admitted to the two surgical wards of a single hospital (S.
Anna Hospital) subjected to a strict surveillance program for
C. difficile infection and environmental contamination (11)
were enrolled and the length of the study was restricted to 3
months. Throughout this period cefazolin, cefoxitin, ce-
fotetan, ceftriaxone, and cefoperazone were each randomly
assigned to one of the surgical teams on the wards as the
unique agent for perioperative prophylaxis and mezlocillin
was assigned to two surgeons in order to include more
treated patients, allowing comparison not only with each
single cephalosporin but also with cephalosporins as a
group. Between 15 and 20 min before surgery, eligible
patients received either no antibiotic (controls) or a single
2-g intravenous bolus injection of one of the study drugs
depending on the operating surgeon. This resulted in greater
convenience to the surgeons, who were each using only one
drug for prophylaxis; it also meant that throughout the
study, the wards contained patients who had received dif-
ferent antimicrobial agents. The surgical teams operated in
the same theaters, and after their operations the patients
were not segregated in the wards according to the operating
surgeon but were nursed in the same wards and by the same
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TABLE 1. Incidence of C. difficile and cytotoxin after injection
of a single dose of different antibiotics

No. of patients (%)
Antibiotic

Total Evaluable Total colonized Total toxin positive

Cefazolin 14 14 2 (14.3) 2 (14.3)
Cefoxitin 14 12 1 (8.3) 1 (8.3)
Cefotetan 21 20 4 (20.0) 4 (20.0)
Cefoperazone 17 16 7 (43.7) 4 (25.0)
Ceftriaxone 12 12 3 (25.0) 3 (25.0)
All cephalosporins 78 74 17 (23.0) 14 (18.9)
Mezlocillin 30 30 1 (3.3) 1 (3.3)
All antibiotics 108 104 18 (17.3) 15 (14.4)
Controls 15 15 0 0

personnel. The treatment groups did not differ significantly
in age, sex ratio, or surgical procedures performed.

Stool samples were collected the day before operation and
later on postoperative days 4, 7, and 14. Patients who
received any antibiotic treatment during the 14 days of
observation following surgery were excluded from the study.
Samples were plated both directly and after heat shock

(80°C for 10 min) on CD selective blood agar (Oxoid Ltd.,
Basingstoke, United Kingdom) supplemented with cycloser-
ine (250 mg/liter) and cefoxitin (8 mg/dl) and inoculated in the
enrichment broth described by Buchanan (8), which was
subcultured on CD selective agar after 24 h. The identifica-
tion of C. difficile and the cytotoxin assay were performed as
previously described (12). Toxin neutralization was done
with C. difficile antiserum. Statistical analysis of the results
was performed by the two-tailed Fisher exact test on a
personal computer, using the SAS statistical package (SAS
Institute, Cary, N.C.).
For four patients (3.2%), C. difficile was isolated from the

sample collected before the operation. These patients were
therefore excluded from further evaluation.

In the follow-up period (14 days), no patient experienced
diarrhea or other gastrointestinal symptoms. The incidence
of microorganism isolation and cytotoxin detection after
injection of a single dose of antibiotic is shown in Table 1.

In several patients C. difficile was isolated from stool
samples after enrichment in selective broth, but not by direct
plating. This is possibly related to low bacterial counts in the
feces. Seven of the 18 positive patients (38.9%) were found
to be colonized at the first postoperative stool culture; 10
more patients (55.6%) were found to be colonized at the
second one; and 1 patient (5.5%) was found to be colonized
only at the 14-day postoperative culture.
The C. difficile carrier state was considered to be transient

(five patients [25.4%]) or persistent (six patients [35.3%])
when the 14-day stool culture became negative or persisted
in being positive, respectively. From this point of view, no
conclusion could be drawn for six subjects, since the 14-day
stool sample was unavailable. There was no difference in the
distribution of transient or persistent colonization among the
drugs.
No clustering by time or location in the wards was

observed for patients colonized by C. difficile following drug
administration during the study.
The incidence of C. difficile colonization following ceph-

alosporin administration was higher than in the general
patient population (the incidence in the general patient
population was obtained from an incidence survey per-
formed in the same wards during the month preceding this

study). Actually, the overall incidence of C. difficile acqui-
sition during hospitalization (regardless of antibiotic admin-
istration or any other recognized risk factor), evaluated by
serial stool cultures in all patients admitted to the same
wards, was 5.1%.

Overall, cephalosporins were found to be associated with
C. difficile colonization significantly more often than mez-
locillin was (Fisher's exact test; P = 0.02). The most heavy
inducers of C. difficile colonization relative to mezlocillin
were cefoperazone (P = 0.01) and ceftriaxone (P = 0.06).
rhe comparison between mezlocillin and the other cephalo-
sporins did not show any significant difference. Cefopera-
zone was also correlated with C. difficile colonization signif-
icantly more often than were the other cephalosporins,
considered as a whole (P = 0.04). Nevertheless, even if
cefoperazone was excluded, the other cephalosporins (cef-
triaxone, cefotetan, cefoxitin, and cefazolin [pooled data])
were still correlated with colonization significantly more
often than was mezlocillin (P = 0.04).

In general, broad-spectrum antimicrobial agents are con-
sidered to induce asymptomatic acquisition of C. difficile to
a greater extent than are narrow-spectrum agents (26).
According to the results we obtained, the ability of different
parenteral antibiotics to induce the C. difficile carrier state
would more probably be related to their pharmacokinetics
(such as high biliary excretion) or to other properties rather
than to their antimicrobial spectrum, which is often largely
superposable.

Overall, the results we obtained suggest that in surgical
prophylaxis, single-2-g-dose mezlocillin is safer than single-
2-g-dose cephalosporins (especially broad-spectrum cepha-
losporins) as regards postoperative C. difficile intestinal
acquisition. Although none of the colonized patients ob-
served in this study developed diarrhea, environmental
colonization and person-to-person transmission have also
been documented for asymptomatic carriers.
We conclude that when a comparable efficacy in prevent-

ing postoperative infections is proven for different antimi-
crobial agents on the basis of controlled clinical trials, the
rate of C. difficile colonization should be taken into account
in the choice of the most suitable antibiotic for surgical
prophylaxis. In our opinion, moreover, the shift to drugs less
prone to induce C. difficile colonization might also be
considered among the measures to be applied to reduce
nosocomial transmission in epidemic or endemic settings in
surgical wards.
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