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During the period between 1987 and 1997, various surveillances of the antibiotic resistance of B. fragilis
group isolates revealed that practically all the isolates tested were susceptible to imipenem, metronida-
zole and chloramphenicol; very few isolates (2.5%) exhibited resistance to amoxicillin/clavulanic acid.
However, similarly as in some southern European countries, the percentages of the isolates that were
resistant to ampicillin, tetracycline and clindamycin were high throughout this period, and the resistance
to cefoxitin increased from 6% to 16%. In 2000, isolates with intermediate or high resistance to imipen-
em and isolates with increased MICs to metronidazole were emerging among the clinical isolates of
B. fragilis. The presence of the cfi4 gene was demonstrated by PCR in 7 of 242 isolates (2.9%); 2 of them
with high MICs to carbapenems harboured the 1S942 element immediately upstream of the resistance
genes. In the 2 B. fragilis isolates with increased MICs to metronidazole, the nim gene could be detect-
ed by PCR. The IS1186 element was found in these isolates upregulating the metronidazole resistance
gene.
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INTRODUCTION

In view of their high isolation rate from clinical specimens, the species of the genus
Bacteroides sensu stricto are the most important of the anaerobic pathogens.
Bacteroides fragilis occurs in such samples most frequently, outnumbering the relat-
ed species by a factor of ten [9]. The infections, which are endogenous and often
associated with facultative anaerobic species, include intra-abdominal, intra-pelvic,
lung and brain abscesses, peritonitis and sepsis. The pathogenicity factors of B. fra-
gilis include the capsular polysaccharide, which is a potent inducer of soft-tissue
abscesses, the ability to bind to fibronectin and collagen-I, an iron uptake mecha-
nism, lipopolysaccharide and the production of a metalloprotease toxin which caus-
es diarrhoea [12]. Apart from their clinical significance, they are important and the
most abundant (10" cells/g faeces) bacterial constituents of the colon, the distal
small and the large bowel, where they contribute to the physiological activities of the
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intestine, e.g. in the degradation of residual biopolymers, the biotransformation of
bile acids, the production of vitamin K and the prevention of pathogenic organisms
from colonization [14]. The third important feature of the genus Bacteroides is that
its species are among the most resistant bacteria of all anaerobes and have the most
numerous resistance mechanisms to antimicrobial agents [21].

Resistance against B-lactams is mediated mainly by B-lactamases, which are of two
important types. The members of the first group are cephalosporinases belonging in
group 2e in the Bush classification scheme [4]; they have molecular masses of 3040
kDa, are inhibited by regular B-lactamase inhibitors such as clavulanic acid and sul-
bactam, hydrolyse cephalosporins rather than penicillins, and do not hydrolyse cefox-
itin or carbapenems; their genes are termed cepA [6, 21]. The members of the second
group are metallo-B-lactamases that have molecular masses of 25-33 kDa, belong in
Bush functional group 3, are inhibited by EDTA, but not by regular B-lactamase
inhibitors, require Zn?" for their activity, and are capable of hydrolysing cephamycins
or carbapenems; their sequenced genes are named cfid or ccrA [6, 21]. Clindamycin
resistance in Bacteroides strains is mediated by a macrolide-lincomycin-strep-
togramin (MLS) mechanism, which causes the methylation of specific adenosine
residue(s) on the 23S rRNA. The gene encoding this type of resistance, ermF’, resides
on regular transposons which may be carried on plasmids or chromosomal conjuga-
tive elements [21]. It is on these chromosomal conjugative elements, also called con-
jugative transposons, that the tetracycline resistance genes, tetQ, of Bacteroides are
coded, which also exert ribosomal protection [21]. These conjugative transposons nor-
mally reside on the chromosome; however, as they have specific int and #ra genes,
they can excise from there and be transferred to another cell by a conjugative process
[23]. The fourth important antibiotic resistance mechanism of Bacteroides strains is
against nitroimidazoles; this is mediated by chromosomal or plasmid coded determi-
nants, called nim genes, which are transferable by conjugation [22]. The products of
these genes are nitroimidazole reductases [24]. For resistance to carbapenems and
nitroimidazoles, the resistance genes should be activated by strong promoters carried
on insertion sequence (IS) elements [10, 18, 24]. The cepA genes can be rendered
more expressed by some IS elements [24], and the ermF genes may also be upregu-
lated by the promoter sequences of the IS element of the regular transposon [24].

It is important to follow the changes in antibiotic resistance of Bacteroides and to
look for genetic elements of known resistance among clinical and normal flora iso-
lates in order to select the best treatment for the severe mixed infections they cause.

MATERIALS AND METHODS
Bacteria and determination of levels of antibiotic resistance
Bacteria belonging in the B. fragilis group were isolated from severe infections and
were identified by conventional tests according to the guidelines of the Manual of

Clinical Microbiology [11] and the Wadsworth Anaerobic Bacteriology Manual [25]
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or by the ATB (bioMerieux) system. B. fragilis ATCC 25285 or B. thetaiotaomicron
ATCC 29741 was used as control organism in the susceptibility tests.

Antibiotic resistance surveillances were carried out in 1987 (100 B. fragilis group
isolates originating from one centre), in 1992 (200 B. fragilis group isolates from
three centres), in 1994 (195 B. fragilis group isolates from one centre) and in 1997
(78 B. fragilis group isolates from six centres). The susceptibilities of these isolates
were determined by the agar dilution method, by the micro-broth dilution method as
recommended by the National Committee for Clinical Laboratory Standards
(NCCLS) [15] and by the newly introduced Etest (AB Biodisc, Solna, Sweden), this
latter method being carried out according to the prescription of the manufacturer.
MIC values were read after incubation for 48 h at 37 °C in an anaerobic chamber
(Bactron, Shell Lab.).

For PCR detection of the ¢fid and nim genes, 242 B. fragilis group isolates were
selected in 1998, 1999 and 2000. The following control strains were used: B. fragilis
TAL3636 (metallo-B-lactamase producer), B. fragilis NCTC9344 (carbapenem-sen-
sitive), B. fragilis BF8 (nimA-positive) and B. fragilis 638R (nim-negative).

Detection of P-lactamase and specific imipenemase activities

B-Lactamase activity was determined quantitatively with nitrocefin (0.10 mM) in 50
mM sodium phosphate buffer (pH 7.0, 37 °C) by a spectrophotometric method [13].
One unit of B-lactamase was defined as the amount which formed 1.0 umole of prod-
uct per minute under the given conditions. The specific imipenemase activities were
determined by following the change in absorbance at 299 nm of a mixture of bacte-
rial sonicate (0.2 ml), imipenem (0.2 ml, 250 mg/1) and phosphate buffer (pH 7, 0.6
ml) and the results were given in nmole hydrolysed imipenem/mg protein/min.

PCR detection of imipenem and metronidazole resistance genes, and
examination of their upregulating IS elements

Template DNA was prepared by boiling of 0.5 McFarland turbidity solutions of the
examined isolates for 10 min, or by the method of Wilson [28] for the nim gene. Cfi4
PCR reactions were performed on 5 pl of 10x PCR reaction buffer (Sigma or USB),
1 ul (2.5 mM) each of dATP, dCTP, dGTP and dTTP, 1 ul (35 pmole) each of the
primers, 5 pl of DNA template and 33 pl of sterile water [7]. The primers and the
amplification cycles were the same as described by Podglajen et al. [17]. In the IS
element (IS1186, IS1168, 1S1169, 1S1170, 1S4351 and 1S942)-specific PCRs, we
used the same reaction and amplification conditions as above, except that the
sequence of the primers was as described in [10, 18, 20, 26], and annealing was for
1 min at 48 °C. In the PCR amplifying upstream region of the cfi4 gene, the reaction
and amplification conditions were the same as above, but oligonucleotide G [18] and
the complementary sequence 565-598 within the cfi4 gene (UP2) were used as
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primers, the annealing was at 52 °C and the elongation lasted for 3 min. For the PCR
mapping of the IS element, the upstream primer of the 1S942 detection and UP2 and
the c¢fiA downstream primer were used, with the same reaction and amplification con-
ditions as above, but for elongation 3 min was applied at 72 °C.

The PCR for the nim gene detection was carried out as described by Trinh and
Reysset [27]. The IS elements were detected as above, and the PCR mapping of the
upregulating IS element was performed similarly, using the appropriate primer pair
and the same reaction and amplification conditions as described for cfiA.

The amplification products were analysed by electrophoresis in 0.8—1.2% agarose
gels containing 0.5 pg/ml ethidium bromide in TBE buffer (89 mM Tris base, 89 mM
boric acid, 2 mM EDTA, pH 8.25) at 80 V constant voltage, together with 100 bp lad-
der (Sigma) or the Pstl digest of A phage DNA as molecular weight markers, and
were visualized under UV light.

RESULTS
Antibiotic resistance surveillances of B. fragilis group isolates

As antibiotic therapy in severe anaerobic infections is mainly empirical, it is neces-
sary to follow the resistance levels to different antimicrobial agents of the most
prevalent anaerobic pathogens from time to time. During surveillances carried out in
our laboratories in 1987, 1992, 1994 and 1997, examinations were made of the resis-
tance of B. fragilis group isolates to 8§ antibiotics used most frequently in the empir-
ical therapy of anaerobic infections (Table 1). Most of these studies were carried out
with isolates originating from different centres in Hungary (1992, 1994 and 1997) or
isolated in Szeged (1987). All isolates tested were susceptible to imipenem, metron-
idazole and chloramphenicol; very few isolates (2.5%) displayed resistance to amox-

Table 1
Prevalence of B. fragilis group isolates resistant to different antibiotics
in Hungary in the indicated years

Percentages of resistant isolates in the following years

Antibiotic

1987 1992 1994 1997
Ampicillin 88 97 98 98
Amoxicillin/clavulanic acid n.t 2.5 2.5 2.5
Cefoxitin 6 11 11 16
Imipenem n.t. 0 0 0
Tetracycline 53 65 65 n.t.
Clindamycin 27 23 21 18
Chloramphenicol 0 0 0.5 0.5
Metronidazole 0 0 0 0

n.t. — not tested
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icillin/clavulanic acid. The resistance to ampicillin and tetracycline throughout these
years was high (88-98% and 53-65%, respectively). Between 1987 and 1997, the
resistance to cefoxitin increased from 6% to 16%. In contrast, the clindamycin resis-
tance of the B. fragilis group isolates decreased during this period, being 27% in
1987 and 18% in 1997.

Screening for prevalence of resistance genes among B. fragilis group
clinical isolates

Although no expressed resistance to carbapenems and metronidazole was detected
during the resistance surveillances between 1987 and 1997, we were interested in
whether the presence of the resistance genes, which could be ‘silent’ or expressed,
can be proven among recently selected isolates.

During the period 1998-2000, a total of 242 Bacteroides isolates were studied by
PCR for the presence of the carbapenem resistance determinant, the c¢fi4 gene. Two
B. fragilis isolates were included (isolated in 2000) which were found to be highly
resistant to imipenem (MICs >256 mg/ml), both being positive for the cfi4 gene. Five
other isolates that were sensitive to imipenem (MICs <0.5 pg/ml) also harboured the
cfid gene (Table 2, Fig. 1).

The B-lactamase and specific imipenemase productions of the cfi4-positive iso-
lates were determined (Table 2). Four of 5 isolates with low imipenem MICs pro-
duced low amounts of B-lactamases and had low MIC values, and the 2 resistant iso-
lates produced high amounts of carbapenemase and had high imipenem and
meropenem MICs. The activation mechanism of carbapenemase production was
examined by looking for IS elements upstream of the cfi4 gene in these isolates, to
prove that such mechanisms are behind the upregulation of our carbapenem-resistant

Table 2
Carbapenem and metronidazole resistance levels, B-lactamase activities and cfi4 and
nim gene positivity of selected isolates

olate MIC (mg/ml) of B—{Le}tctamase Presence of
imipenem meropenem metronidazole activity (U/ml) cfi4 nim
B. firagilis 22 0.06 0.125 0.125 0.0175 + -
B. fragilis 20 0.06 0.06 0.125 0.0028 + -
B. firagilis 98 0.125 0.25 0.047 0.0004 + -
B. fragilis 72 0.25 0.25 0.032 0.0109 + -
B. firagilis 9259/5 >256 >32 3 37.03* +
B. fragilis 515/2 >256 >32 4 21.60* + -
B. firagilis 19924 0.032 0.047 12 n.t. - +
B. fragilis 29877/1 0.125 1.5 4 n.t. + +

n.t. — not tested
*Specific imipenemase activities expresed in nmole hydrolysed imipenem/mg protein/min.
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Fig. 1. CfiA PCR of the ‘silent’ cfid-positive B. fragilis isolates. Lanes 1-8: B. fragilis isolates 22, 20,
92, 72, 98, 66, TAL3636 (positive control) and NCTC9344 (negative control), respectively. Lane 9:
Reagent control. Lane 10: 100 bp ladder as molecular weight marker

isolates. The amplification of the regions upstream of the c¢fi4 genes showed that no
insertion occurred for the 5 sensitive isolates harbouring the ‘silent’ cfi4 genes
(amplification products of ca. 300 bp found), but in case of the 2 resistant isolates the
ca. 1.8 kb products demonstrated the insertion of some 1.5 kb DNA segments. The
presence of 5 IS elements (IS942, 1S1186, 1S4351, 1S1169 and IS1170) in the
genome of the c¢fid-positive isolates was also investigated (Figs 2 and 3). The 1S942
element was found in the 2 resistant isolates, but no IS element was detected by PCR
in 4 of the 5 sensitive strains (the exception was B. fragilis 29877/1, which is mod-
erately metronidazole-resistant and contains IS1186; see later). The PCR mapping of
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Fig. 2. Strategy of detection of IS elements upstream of cfiA4
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Fig. 3. Detection of 5 IS elements in the 2 imipenem-resistant isolates. The examination of the IS ele-

ments is indicated below the picture. a: Pst/ fragments of A phage DNA as molecular weight marker.

b: Reagent control. c¢: Positive controls for the indicated IS elements. d: B. fragilis 515/2. e: B. fragilis
9259/5

the 1S942 elements proved that the cfi4 genes could be upregulated by close inser-
tion and correct orientation of the IS942 elements and by their outward-oriented pro-
moters (Fig. 2).

Moderately metronidazole-resistant isolates could also be raised by the insertion of
IS elements upstream of ‘silent’, chromosomally or plasmid located nim genes [22].
Two moderately metronidazole-resistant B. fragilis isolates were found in our labora-
tory during the first few months of 2000, with MIC values of 12 and 4 ug/ml (Table
2). One of the 2 strains carried a ‘silent’ ¢fi4 gene as well. The nim PCR of these
strains demonstrated a 458 bp nim-specific PCR product (Fig. 4). The 2 isolates were

| 2 i + ]

Fig. 4. Nim PCR of the moderately metronidazole-resistant B. fragilis isolates. Lanes 1-4: B. fragilis
strains 19924, 29577, 638R (negative control) and BF8 (positive control), respectively. Lane 5: 100 bp
ladder as molecular weight marker
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analysed for the presence of IS elements, as in the case of the imipenem-resistant iso-
lates. The presence of the IS1168/IS1186 element was found (these are highly homol-
ogous IS elements) in the 2 moderately resistant isolates. The PCR mapping of the
IS1168 and IS1186 upstream of the nim gene proved that the nim genes of these lat-
ter isolates are activated by the close proximity and the correct orientation of one copy
of the IS1168/IS1186 element. No further nim-positive isolates were found by PCR
among the 242 metronidazole-sensitive (MICs < 2 ug/ml) Bacteroides isolates.

DISCUSSION

Until several years ago, the susceptibility patterns of human pathogenic anaerobic
bacteria were relatively stable and predictable. However, in some parts of the world
resistance to tetracyclin, penicillin, ampicillin and erythromycin among Bacteroides
isolates was already observed during the 1970s, and to cefoxitin and clindamycin in
the 1980s. These observations and the shifting susceptibility patterns and variable
efficacy of many other B-lactam antibiotics, especially the newer cephalosporins,
against certain anaerobic bacteria, have made considerations concerning screening of
the antibiotic susceptibilities of different groups of anaerobic bacteria mandatory [2].
Reports of differences in rates of resistance between countries and hospitals [16]
revealed the great importance of monitoring trends in susceptibility from time to
time. A comparison of our surveillance data with those obtained during a European
study involving 15 countries showed that the B. fragilis group isolates in Hungary
have the same resistance levels to cefoxitin and clindamycin as in Spain, a country
where antibiotics are used with less control as compared with northern European
countries [16]. The decrease observed in the clindamycin resistance of B. fragilis
group strains between 1987 and 1997 demands further evaluation.

Between 1987 and 1997, similarly as in many European countries [16], no imipen-
em and metronidazole-resistant Bacteroides isolates were found in Hungary. The first
imipenem-resistant B. fragilis isolate, producing a special metallo-p-lactamase, was
reported in the USA in 1986 [5] and subsequent reports from other countries con-
firmed the sporadic existence [7, 21, 29]. The emergence of Bacteroides isolates
resistant to metronidazole was first noted in France [3], and later in England [1],
demonstrating that such strains may well occur elsewhere, too. It has been shown that
specific events are needed for the expression of such resistances; IS elements carry-
ing outward-oriented promoters should be inserted upstream of the ’silent’ resistance
genes (cfid or nim), and the prevalence of these ’silent’ genes and the activating IS
elements in the population should be ’high’ enough. The frequency of ’silent’ and
phenotypically imipenem-resistant Bacteroides isolates seems to be low in countries
where the prevalence of the cfi4 gene has been examined. In Hungary, the prevalence
of ’silent’ cfid-positive and real imipenem-resistant isolates was 2.0 and 0.8%,
respectively. These figures are similar to or slightly lower than the values reported in
other countries: in France 1.6 and 0.8% [19], in Japan 2.4 and 1.2% [29], and in the
UK 6.3 and 0.6% [7], respectively. Different IS elements were found upstream of the
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cfid gene. Podglajen et al. found the IS1186 insertions upstream of the cfi4 gene
[18]. Edwards et al. proved the presence of IS1187 and an element similar to the
1S942/1S1170 group in meropenem-resistant strains [8]. In our cfid-positive car-
bapenem-resistant isolates, the 1S942 was confirmed in the right position upstream
of the gene. The 2 metronidazole intermediate-resistant isolates harboured the
IS1186/1S1168 upstream of the nim genes, which explains the higher MICs found in
this case. No silent nim gene was present among our isolates, which tends to suggest
the low frequency of such strains.

Special attention should be paid to the fact that clinical isolates harbouring both
the cfid and the nim gene can be found by PCR among the B. fragilis isolates
expressing resistance and causing special therapeutic problems in severe infections.

During this study, we detected the first imipenem or metronidazole-resistant
(intermediate resistance) Bacteroides isolates in Hungary. The increasing frequency
of the presence of ‘silent’ genes makes it mandatory not only to continue to survey
antibiotic resistance among clinical isolates of these important anaerobic pathogens,
but also to screen for the presence of resistance genes among clinical and normal
flora isolates.
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