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Antimicrobial Resistance Patterns of Bacteroides
fragilis Group Organisms in Korea

Kyungwon Lee, Hee Bong Shin, and Yunsop Chong

Antimicrobial resistance patterns of 913 clinical isolates of Bacteroides fragilis group organisms
were monitored during an 8-year period in Korea. In general the resistance rates of the
non-fragilis B. fragilis group species were higher than those of B. fragilis for all the drugs tested.
The rate of resistance to clindamycin remarkably increased and those to some S-lactam drugs
such as piperacillin and cefotaxime also increased. No isolates were found to be resistant to
imipenem, metronidazole, or chloramphenicol. S-lactam and f-lactamase inhibitor combinations
and cefoxitin were more active than the other [S-lactams. Therefore, these agents may be
considered when empirical selection of antimicrobial agents is required to treat severe anaerobic

infections.
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Bacteroides fragilis group organisms are important
human anaerobic pathogens frequently causing vati-
ous infections (Finegold and Wexler, 1988; Lee et
al. 1991). B. fragilis is the most common causative
agent of anaerobic bacteremia with relative high
mortality (Redondo et al. 1995; Kim et al 1996).
Appropriate antimicrobial therapy is considered
necessary to reduce the morbidity and mortality
(Finegold, 1991).

Routine susceptibility testing of anaerobic bacteria
is not considered necessary because of the predict-
ability of the susceptibility (Finegold, 1988; Baron
et al. 1990). However, antimicrobial resistance
among B. fragilis group organisms has been known
to vary between species, institutions, and countries
(Dubreuil et al, 1992; Tanaka-Bandoh et al, 1995;
Snydman et al. 1996). Furthermore, antimicrobial
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resistance of these organisms to some. commonly
used antimicrobial agents has been increasingly
reported (Betriu et al. 1992; Snydman et al. 1996).
Therefore, at least periodic monitoring of the
susceptibility is considered necessary.

Aerobic bacteria isolated in Korea were more
often resistant than those isolated in other countries,
possibly due to more selective pressure of antimicro-
bial agents (Chong et al. 1993; Chong et al. 1996).
Therefore, anaecrobes in Korea could also be more
often resistant.

The purpose of this article is to report the chang-
ing antimicrobial susceptibilities of B. fragilis group
organisms isolated during an 8-year period.

MATERIALS AND METHODS

Anaerobic bacteria were isolated from various
clinical materials except those from the respiratory
and gastrointestinal tract. Species of the isolates
were identified by established methods (Holdeman et
al. 1977; Summanen et al. 1993) and with the ATB
32A system (bioMerieux SA, Marcy 1’Etoile, France).

A total of 913 nonduplicate clinical isolates of
Bacteroides fragilis group organisms isolated during

. an 8-year period were tested for their susceptibility.
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Table 1. Bacteroides fragilis group organismé tested for in vitro susceptibility which were isolated from 1989 to

1996

No. (%) of strains tested

Bacteroides species

1989 — 1990 1991 1992 — 1993 1994 1995 — 1996 Total
B. fragilis 113 192 185 63 88 641 (70.2)
B. thetaiotaomicron 25 16 22 11 28 102 (11.2)
B. ovatus 17 22 31 4 7 81 (8.9)
B. vulgatus 11 9 14 2 2 38 (4.2)
B. distasonis 6 8 7 4 4 29 (32)
Others 0 10* 0 st 7t 22 (2.4)
Total 172 257 259 89 136 913 (100)

*: B. uniformis 3, B. eggerthii 7.
t. B uniformis.

The organisms tested were isolated from 1989 to
1993 at Wonju Christian Hospital, Wonju, and from
1989 to 1996 at Severance Hospital, Seoul. The
years of isolation and the number of isolates were
172 isolates in 1989 and 1990, 257 isolates in 1991,
259 isolates in 1992 and 1993, 89 isolates in 1994,
and 136 isolates in 1995 and 1996 (Table 1).

The strains were kept frozen until used for sus-
ceptibility testing. Antimicrobial susceptibility was
tested by an agar dilution method (NCCLS, 1993).
Antimicrobial powders used were chloramphenicol
(Chong Kun Dang, Seoul); sulbactam (Pfizer Korea,

~Seoul); piperacillin (Yuhan, Seoul); cefotaxime (Han-

Dok, Seoul); cefepime (Bristol-Myers Squibb, Prins-
ton, NJ, U.S.A.); cefoxitin (Merck Sharp & Dohme,
West Point, PA, U.S.A.); cefotetan (Je Il, Seoul);
imipenem (Choong Wae, Seoul); meropenem (Sumi-
tomo, Osaka, Japan); clindamycin (Korea Upjohn,
Seoul); metronidazole (Choong Wae, Seoul); ofloxa-
cin (Daiichi, Tokyo, Japan); tosufloxacin (Yuhan
Cynamid, Seoul). For the combination of J3-lactam
and A-lactamase inhibitors, a constant amount of
clavulanic acid (2 pxg/mL, final concentration) was
added to amoxicillin, or 1/2 the amount of sulbactam
was added to ampicillin.

An inoculum of 10° CFU was applied with a
Steers replicator (Craft Machine, Chester, PA,
US.A) onto brucella agar supplemented with
vitamin K; (10 zg/ml) and 5% laked sheep blood
from 1989 to 1994 and onto Wilkins-Chalgren agar
from 1995 to 1996. Plates were incubated in an
anaerobic chamber for 48 hours at 37°C. The MIC
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was defined as the lowest concentration of an
antimicrobial agent permitting no growth, lighter
growth, haze, multiple tiny colonies, or one to
several normal-sized colonies (one discrete colony
from 1989 to 1993) (NCCLS, 1993). B. fragilis
ATCC 25285 and B. thetaiotaomicron ATCC 29741
were used as a control. The breakpoints recom-
mended by the National Committee for Clinical
Laboratory Standards (NCCLS, 1995) were applied
to interpret the MICs.

RESULTS AND DISCUSSION

Trends of resistance of B. fragilis group organisms
which were isolated during an 8-year period from
1989 to 1996 are shown in Tables 2-4.

In vitro activity of AB-lactam agent

B-lactam agents are very useful in general for the
treatment of aerobic infections. However, most Bac-
teroides fragilis group isolates are naturally resistant
to many penicillins and cephalosporins because of
their production of chromosomal class A f-lac-
tamase with predominantly cephalosporinase activity
(Wexler et al. 1991; Livermore, 1995). These are
inhibited by B-lactamase inhibitors, as are most
other class A enzymes.
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A combination of A-lactamase inhibitors such as
clavulanate, sulbactam, and tazobactam with S-
lactams leads to the enhancement of antimicrobial
activity to such a degree that MICs of B-lactams are
lowered to susceptible levels for the majority of the
Bacteroides spp. In our studies (Chong et al. 1995;
Lee et al. 1996; Shin et al. 1998), the resistance
rates of B. fragilis to amoxicillin/clavulanate or
ampicillin/sulbactam were less than 5% (Table 2),
and those of the non-fragilis of B. fragilis group
organisms were élightly higher (about 10%) (Tables
3, 4). "

Piperacillin and ticarcillin are more active than
penicillin G against B. fragilis group organisms. This
increased activity was considered somewhat artificial
since the cumulative MICs of these drugs were very
similar to those of penicillin G (Rosenblatt, 1989).
The patterns seen by this investigator were similar
to those of our studies (Tables 2-4). However, they
used a much higher breakpoint (=128 g/mL) than
that of penicillin G (=2 pg/mL) because of the
higher blood levels (Rosenblatt, 1989; NCCLS,
1995). In our studies (Lee et al. 1992; Lee et al.
1993; Chong et al. 1995; Lee et al. 1996; Shin et
al. 1998), the piperacillin resistance rate of - B.
fragilis rose from 12% in 1989—1990 to 25% in
1995—1996 (Table 2). The resistance rates of the
non-fragilis of B. fragilis group oragnisms were
higher than those of B. fragilis, although the change
over time was not remarkable (Tables 3, 4).

Cefoxitin was found to be considerably more
active against [-lactamase-producing Bacteroides
than the penicillins and cephalosporins. This superior
activity is attributable to the resistance of cefoxitin
to hydrolysis by A-lactamases (Rosenblatt, 1989).
The resistance rates of B. fragilis to cefoxitin
remained unchanged and were less than 5% in this
study (Table 2), while those of the non-fragilis of
B. fragilis group organisms fluctuated between 0—
23% from 1989 to 1996 (Tables 3, 4). These
resistance rates are similar to those of another report
(Snydman et al. 1996). Cefotetan, another cephamy-
cin, is more active than cefoxitin against most aero-
bic gram-negative bacilli. The resistance rates (5—
10%) to cefotetan of B. fragilis were similar to those
to cefoxitin (Table 2), but the resistance rates of B.
thetaiotaomicron (73 —96%) and other species of the
B. fragilis group (47 —85%) were much higher than
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those of B. fragilis.

The activity of cefotaxime was unimpressive
against Bacteroides spp. in our studies. Cefotaxime
resistance rates of the non-fragilis of B. fragilis
group organisms were higher than those of B. fragil-
is. The resistance rate of B. fragilis rose from 17%
in 1989—1990 to over 50% in 1991—1993, and
then declined to about 35% in 1994 —1996. A fourth
generation cephalosporin such as cefepime was
introduced recently, which is very useful for the
treatment of aerobic gram-negative bacilli infections.
Although tested only in 1995—1996 in our studies,
the MICs of cefepime and resistance rates of the B.
fragilis group were 64->128 ug/mL and >85%,
respectively. This result suggested that it would not
be useful for the treatment of anaerobic infections
due to B. fragilis group organisms.

No imipenem-resistant strains of B. fragilis group
organisms have yet been isolated in Korea, although
such strains have been reported in other countries
(Bandoh et al. 1993; Snydman et al. 1996). The
increase in resistance is probably due to the increase
of drug utilization. In Japan, imipenem is used
commonly for the treatment of several kinds of
infections. The in vitro activity of meropenem
paralleled that of imipenem, although it was tested
only in 1992—1994.

In vitro activity of non- 8-lactam agent

Clindamycin was one of the active agents against
anaerobes, and has been recommended for the
treatment of anaerobic infections. However, several
investigators reported a dramatic rise in the clin-
damycin resistance rate. The rate varied greatly de-
pending on the studies. In Spain, quite different
clindamycin resistance rates of 6—7% and 45%
were reported depending on the hospital (Garcia-
Rodriguez and Garcia-Sanchez, 1990; Pelaez et al.
1991). In our studies, the clindamycin resistance rate
of B. fragilis increased remarkably from 18% in
1989 —1990 to 43% in 1995—1996 (Table 2). The
resistance rate of the non-fragilis of B. fragilis group
organisms rose from 32 —38% in 1989 —1990 to 70—
75% in 1995 —1996 (Tables 3, 4).

Clindamycin resistance of anaerobes is due to a
nonenzymatic mechanism, alteration in the target
site, and is similar to the mechanism of macrolide-
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lincosamide-streptogramin resistance of staphylococ-
ci (Rasmussen et al. 1997). Many plasmid-free
strains of B. fragilis are capable of clindamycin
resistance transfer by conjugative transposon (Hecht
et al. 1989; Salyers and Shoemaker, 1995). In our
previous study (Chong et al. 1995), resistance
transfer from clindamycin-resistant isolates was
relatively common (24%), and the resistance was
also transferred from the strains without a plasmid.

Chloramphenicol and metronidazole are still the
most active non- B-lactam agents against anaerobic
bacteria. No chloramphenicol- or metronidazole-re-
sistant strains were isolated in Korea. With the ex-
ception of the gram-positive nonspore-forming rods,
all groups of anaerobes are highly susceptible to
metronidazole, but reports of resistant strains are
very rare. However, in Spain, 2% of B. fragilis
strains were reported to be resistant to metronidazole
(Pelaez et al. 1991). They reported that all of the
14 resistant isolates of the B. fragilis group
organisms were inhibited by >16 uxg/ml of met-
ronidazole. For nine of the 14 strains, the MICs were
32->128 pg/mL.

Fluoroquinolones such as ofloxacin and cipro-
floxacin are generally inactive against anaerobic
bacteria and have little or no clinically useful activ-
ity against B. fragilis group organisms (Goldstein
and Citron, 1985; Nord et al. 1993). Although tested
only from 1992 to 1994 in our studies, tosufloxacin
was more active than ofloxacin, i.e. the MICs and
MICy values were two- to eight-fold lower. Recent-
ly, new fluoroquinolones such as DU-6859a and
trovafloxacin with improved in vitro activity against
anaerobic bacteria were introduced (Goldstein, 1996;
Kato et al. 1996).

The medium used for testing susceptibility of
anaerobe can have an effect on the results (Wexler,
1991). NCCLS recommended Wilkins-Chalgren agar
for use as a reference agar dilution procedure. In this
study, supplemented Brucella blood agar was used
from 1989 to 1994, and Wilkins-Chagren agar from
1995 to 1996 (NCCLS, 1993). In our previous study
which determined the effect of media on the sus-
ceptibilities of Bacteroides fragilis group organisms,
MICs of many antimicrobial agents tested were
slightly higher on Brucella blood agar than on Wil-
kins-Chagren agar. However, 98% or more of the
MIC results were within two log dilution except for
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metronidazole, and no significant difference was
noted in the resistance rate (Shin et al. 1997).
Therefore, use of Wilkins-Chalgren agar from 1995
to 1996 may have slightly lowered the MIC results
of some antimicrobial agents tested. :

Recently, breakpoints for resistance have changed.
In 1993, the intermediate range was established
because of the difficulty in reading end-points and
the clustering of MICs at breakpoint concentrations
(NCCLS, 1993). In 1995, thé resistance breakpoint
for penicillin G changed from =8 ug/mL to =2 ug/
mL (NCCLS, 1995). We used the most recently
published breakpoints of the NCCLS (1995).

NCCLS recommended that reading end-points is
to examine the plates against a dark, nonreflecting
background and to read the end-point at that con-
centration where a marked change occurs in the ap-
pearance of growth as compared to the control plate
(NCCLS, 1993). The marked change in growth
might be to no growth or lighter growth, to a haze,
multiple tiny colonies, or one to several normal-
sized colonies. However, we did not ignore the
several normal-sized colonies during the study from
1989 to 1993, therefore those MIC results might be
slightly higher than those of study from 1994 to
1996.

Although we did not correlate these in vitro data
with the clinical outcome, the resistance rates of B.
fragilis group organisms to some commonly used
antimicrobial agents increased, and it may lead to an
increase in failures of therapy. Therefore, periodic
monitoring of susceptibility of B. fragilis group
organisms is considered necessary to guide proper
selection of suitable antimicrobial agents.

CONCLUSION

Among the 913 clinical isolates of B. fragilis
group organisms isolated during an 8-year period in
Korea, the resistances to antimicrobial agents such
as piperacillin, third-generation cephalosporins, and
clindamycin were not uncommon, and antimicrobial
suceptibility testing of these drugs is necessary
before using them. Carbapenem-, chloramphenicol-
and metronidazole-resistant strains ‘were not de-
tected. A-lactam and B-lactamase inhibitor combina-
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tions and cefoxitin-resistance were not common.
Therefore, these agents may be considered when
empirical selection of an antimicrobial agents is
required to treat severe anaerobic infections.
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