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defined as the lowest concentration of each agent which
inhibited the visible growth of the test isolate. If trailing
endpoints were observed, the concentration at which the
most significant reduction of growth was observed was
chosen as the endpoint. With each susceptibility run, controls were included by using B. fragilis ATCC 25285 and B.
thetaiotaomicron ATCC 29741. 1-Lactamase activity was
tested by the nitrocefin method by using nitrocefin disks
(Cefinase disks; BBL).
Determination of the species of the 200 strains yielded 100
isolates of B. fragilis, 41 B. distasonis, 23 B. vulgatus, 19 B.
ovatus, 13 B. thetaiotaomicron, 2 B. uniformis, and 2 B.
cacae. The largest number of isolates originated from surgical wounds (35%) and peritoneal fluids (16%). Blood culture
isolates accounted for 6.5% of the total number of isolates.
Eighty percent of the isolates tested positive for 1-lactamase. This test alone, though, was a poor predictor of
resistance, since among these ,B-lactamase-positive organisms, resistance ranged from only 5% (to cefoxitin) to 21%
(to cefotetan). Conversely, the presence of a resistance MIC
correlated highly with the presence of t-lactamase.
The susceptibilities of the 200 isolates are given in Table 1.
The most active agents were imipenem and ticarcillin-clavulanic acid. No resistance to these antimicrobial agents was
detected. Among the 1-lactams, ampicillin-sulbactam were
the next most active agents, with only 2% of the organisms

Members of the Bacteroides fragilis group of organisms
the most important and most frequently isolated anaerobes from intra-abdominal, pelvic, and surgical wound infections. In the past few years, several reports (2, 5-10, 12,
13, 16, 18, 22-24) have emphasized the changing susceptibility patterns of the Bacteroides species seen within institutions and the difference in resistance rates displayed by the
various species. Nationwide surveys have documented increases in resistance rates along with geographic variabilities
in resistance rates (8, 9, 12, 13, 22). The National Committee
for Clinical Laboratory Standards (NCCLS) has recommended that susceptibility testing be done periodically to
monitor resistance patterns in local institutions (19). For this
reason, we tested 200 clinical isolates from patients at our
hospital against 11 antimicrobial agents.
Nonduplicated clinical isolates of the B. fragilis group
were collected and frozen during a 22-month period from
January 1990 through October 1991. Determination of species was done by using the Minitek system (BBL Microbiology Systems, Cockeysville, Md.).
The following standard antimicrobial powders were kindly
provided by the indicated manufacturers: ampicillin, Ayerst
Laboratories, St. Laurent, Quebec, Canada; ampicillin-sulbactam, Pfizer Canada Inc., Kirkland, Quebec, Canada;
ticarcillin-clavulanic acid and ceftizoxime, SmithKline
Beecham Laboratories, Oakville, Ontario, Canada; piperacillin, Lederle Cyanamid Canada Inc., Baie d'Urfe, Quebec, Canada; cefoxitin and imipenem, Merck Frosst Canada
Inc., Pointe-Claire, Quebec, Canada; cefotetan, ICI Pharma,
Mississauga, Ontario, Canada; clindamycin, The UpJohn
Company of Canada, Don Mills, Ontario, Canada; and
metronidazole, Rhone-Poulenc Pharma Inc., Montreal, Quebec, Canada. Of these, ampicillin, piperacillin, cefoxitin,
clindamycin, and metronidazole were on the Royal Victoria
Hospital formulary during the study period. Ticarcillin had
been discontinued 2 years earlier, and the others had never
been used.
Antimicrobial susceptibility testing was performed by the
broth microdilution method recommended by NCCLS (19).
Serial twofold dilutions of each antimicrobial agent were
made in Anaerobe broth MIC (Difco) with a total volume of
100 ,ul per well. Colonies were suspended in Anaerobe broth
and dispensed to yield a final inoculum of 105 CFU per well.
All plates were incubated at 35°C for 48 h. The MIC was
are
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TABLE 1. Antimicrobial activities against the B. fragilis group
Antimicrobial
agent
agent

MIC

Range
~~Range

(pLg/ml)a
50%

% Resis-

90%

64
0.5->64 16
Ampicillin
2
8
0.5-32
Ampicillin-sulbactam
32
1->64 4
Piperacillin
64
1->64 32
Ticarcillin
0.25 4
Ticarcillin-clavulanic <0.03-32

acid
Imipenem
Cefoxitin
Ceftizoxime
Cefotetan

Clindamycin
Metronidazole

0.12 0.5
<0.03-2
32
1-64
16
64
0.25->64 4
64
1->64 8
4
<0.03->64 0.5
2
1
0.25-32

tant"

Breakpoint
concn

(6ig/ml)c
4

89
2
5.5
12.5
0

64/2

0
4
10.5
24
6
0.5

8
32
32
32
4
16

16/8
64
64

a 50% and 90%, MICs for 50 and 90% of isolates tested, respectively.
b Resistance was determined at the breakpoint concentration.
c Based on the criteria of NCCLS (19).
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The susceptibilities of 200 clinical isolates of the Bacteroides fragilis group to 11 antimicrobial agents were
determined by the broth microdilution method of the National Committee for Clinical Laboratory Standards.
All isolates were susceptible to imipenem and ticarcillin-clavulanic acid. The rates of resistance to cefoxitin and
clindamycin were low (4 and 6%o, respectively), while those to ceftizoxime and cefotetan were higher (10.5 and
24%, respectively).

2052

NOTES

ANTIMICROB. AGENTS CHEMOTHER.
TABLE 2. Resistance rates of B. fragilis group species

Species

(no. of isolates)

AMP

AMP-SULB

TIC

B. fragilis (100)
B. distasonis (41)
B. vulgatus (23)
B. ovatus (19)
B. thetaiotaomicron (13)

94
80.4
74

0
7.3
0
0
7.7

10
14.6
17.4
10.5
15.4

89.5
100

% Resistant to the following agentsa:
CZX
PIP
FOX
3
7.3
4.3

5.3
15.4

1
9.7
0
5.3

15.4

6
13.7
4.3
21
15.4

CT1

CLN

MTZ

5
58.5
4.3
58
38.5

4
9.7
8.7
5.3
7.7

0
2.4
0
0

0

a Resistance was determined at the breakpoint concentration. AMP, ampicillin; AMP-SULB, ampicillin-sulbactam; TIC, ticarcillin; PIP, piperacillin; FOX,
cefoxitin; CZX, ceftizoxime; CIT, cefotetan; CLN, clindamycin; MTZ, metronidazole. No resistance to imipenem or ticarcillin-clavulanic acid was found.

berg (1). Ceftizoxime and cefotetan, in particular, are still
not reliably active in vitro.
For years, clindamycin has been considered highly effective against the B. fragilis group of organisms, and indeed, it
has been seen as a standard with which newer agents can be
compared. Resistance to clindamycin began to be reported
in the literature by 1980, and since then there has been a
slowly progressive increase in resistance worldwide. The
recent Canadian survey (9) notes an increase in resistance to
clindamycin from 0.7% in 1986 to 9% in 1992. The rate of
resistance to clindamycin found in this study (6%) is in
agreement with that found in the Canadian survey (9) and
with the rates of resistance reported in the most recent U.S.
national survey (12). Higher rates of resistance to clindamycin (up to 33%) have been reported by other investigators in
the United States (23). Garcia-Rodriguez and GardiaSanchez (15) reported a clindamycin resistance rate of 5 to
6% in Spain, while Betriu et al. (7) reported one of 21% and
Palaez et al. (20) reported one of 45%. This again emphasizes
the institutional variability of susceptibility patterns within
cities and countries. Lee et al. (18) also reported a high rate
of resistance (24%) to clindamycin in the Republic of Korea.
Fortunately, although resistance to imipenem, metronidazole, and P-lactam-13-lactamase inhibitor combinations has
been found, the rates of resistance have been low throughout
the world (10, 17, 20, 21).
From the results of this study, it is evident that there are
institutional variabilities in the susceptibility patterns of B.
fragilis and that hospital laboratories must periodically monitor these patterns so that the appropriate antimicrobial
agents are available and physicians can make suitable
choices when empirically treating anaerobic infections.
Moreover, determination of the species and susceptibility
testing may be indicated in patients with bacteremias and
those with infections in which B. fragilis is the sole or
predominant organism.
Finally, more studies like that of Brook (11) comparing the
in vitro susceptibilities and in vivo efficacies of antimicrobial
agents are urgently needed.
This work was supported by grants from Merck Frosst Canada
Inc., SmithKline Beecham Canada, and The UpJohn Company of
Canada.
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